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How To Eliminate Man -Made 
Interference 

A GROWING PROBLEM 

THE radio public is today being supplied with receivers of greater 
sensitivity than ever before; short-wave reception of foreign as 

well as local programs is an accepted feature of the modern home 
receiver, and listeners are gradually becoming conscious of the superior 
performance of high fidelity receivers. These three important factors 
make the problem of man-made interference more and more impor- 
tant as new receivers reach the hands of the public. 

Radio receiver manufacturers are now capable of building re- 
ceivers which create only a negligible amount of interference within 
themselves; older receivers which develop internal noise can readily 
be repaired by the Radio-Trician, but still program -spoiling interfer- 
ence increases. 

Oil burners, electric power -generating systems, refrigerators, mo- 
tor -driven appliances, medical equipment, electric signs and scores of 
other new electrical appliances are man's contributions to radio re- 
ceiver interference. Thus man creates more interfenence at the same 
time that he builds radio receivers which are more sensitive to inter- 
ference; profitable work for the serviceman trained in interference 
elimination is the result. Remember that no radio installation is com- 
plete and satisfactory until it is as free from interference as is humanly 
possible. The man who can render this interference elimination serv- 
ice efficiently and intelligently will "cash in" on an opportunity for 
profit and prestige which grows bigger every day. 

NOISE NOT DUE TO RECEIVER DEFECTS 
We know that when noise is heard in a receiver, the first step is 

to eliminate receiver defects as possible causes of the trouble. A line 
filter is inserted in the power line of the receiver, the antenna and 
ground leads are disconnected from the receiver, and antenna and 
ground binding posts are shorted together; if, when this is done, the 
noise disappears or is reduced an appreciable amount, the trouble is 
definitely not a receiver defect. It is, therefore, an external disturb- 
ance which can or cannot be eliminated, depending upon its nature. 

External noise disturbances which cannot be eliminated may be 
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divided into two groups: (1), those due to local electrical storms or 
lightning; (2), those due to the accumulated effects of distant elec- 
trical storms, sun disturbances and disturbances created by distant 
industrial or electro -medical equipment. 

The new frequency modulation system of broadcasting almost 
completely eliminates atmospheric interference, but both broadcasting 
systems (f.m. and a.m.) have serious man-made interference problems. 

The accumulated noise disturbance is often referred to as back- 
ground noise; * this has a definite level (microvolts per meter) which 
will vary with the antenna location. Industrial towns and cities will 
usually have a high noise level, this being exceptionally high near 
factories and shopping centers. The only remedy in such cases is to 
cut down the sensitivity of the receiver or confine tuning to broadcasts 
whose intensities are much greater than the noise level. In localities 
of high noise level the customer should be taught to listen only to local 
or high-powered stations. 

When receivers having automatic volume control are tuned off a 
broadcast signal, the AVC acts to boost the gain, and background 
noise becomes disturbingly prominent. This has led to the develop- 
ment and use of inter -carrier noise suppressors, found on a number of 
receivers. 

Man-made static, usually of local origin and having an intensity 
comparable with that of the normal received signal, is often so annoy- 
ing that the usefulness of a receiver is destroyed. It is the purpose of 
this text to show the origin of such disturbances and suggest ways and 
means of eliminating or at least greatly reducing such interference. 
The "cure" is generally applied in two steps: first, by seeking to keep 
the noise signal out of the receiver; and second, by "killing" the inter- 
ference at its source. 

ORIGIN AND NATURE OF NOISE SIGNALS 

Wherever there is an electric spark or arc, there you will find a 
source of possible noise interference. The spark need not be large or 
even visible to create a disturbing effect. Contrary to general belief, 
the spark itself does not radiate interference, nor is it generally true 
that the spark creates a broadcast band radiation. 

*This background noise should not be confused with noise originating within 
the receiver due to thermal agitation of the electrons in the conductors and to 
the impact or shot effect of electrons as they hit the plates of vacuum tubes. 
It is this noise which is heard when antenna and ground terminals of a high 
quality receiver are shorted and the gain turned up. 
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A spark is accompanied by a sudden current change in the circuit 
where it originates, the change being transmitted to all parts of the 
circuit. This sharp current change gives rise to a fundamental audio 
frequency noise signal whose frequency depends upon the duration of 
a single disturbance, and a large number of audio and super -audio 
frequency harmonics of this fundamental. These noise signals- may 
reach the receiver by conductive, magnetic or capacitive coupling, and 
may either affect the audio stages directly or, more likely, enter a 
resonant R.F. circuit. The latter is more troublesome, for through 
shock -excitation it results in the formation of an R.F. current which 
is modulated with the original noise signal. Because the original noise 
signal wave form is not destroyed or altered, the expert is usually able 
to judge, after listening to the noise emitted from the loudspeaker, 
what the probable source of interference may be. 

When a spark occurs in an electric circuit, the current surge is 
transmitted through the connecting wires, away from the origin of the 
spark, in both directions * and out of phase. In a power transmission 
circuit this means that a large area-several blocks-will be affected. 
This disturbance will continue to travel until it is dissipated by the 
system. If the circuit contains transformers or other circuit -changing 
components, part of the disturbance will be reflected back to the 
origin at the first of these points, be reflected again at the disturbance 
source, and continue to travel back and forth until the losses in the 
circuit wipe out the disturbance. The remainder of the surge passes 
through the first obstacle and out over the line to the next, where it in 
turn is partially reflected, partially transmitted. 

Whenever the surge of current meets an electrical obstacle in the 
line, be it a transformer, a change in wiring construction, or even a 
noise -eliminating filter introduced into the line improperly by an un- 
trained radio man, the surge moves back and forth between its origin 
and this point, creating a standing wave or ultra high frequency oscil- 
lation whose frequency is determined by the line length. This wave 
is radiated through space in much the same way that R.F. currents 
are radiated by a transmitter antenna. 

Sparks in auto ignition systems are typical examples; because the 
ignition wires are short, the natural wavelength of the radiation is 
somewhere between 1 and 10 meters. This explains why 5 to 10 meter 
ultra short-wave reception is so greatly affected by auto ignition dis- 
turbance. 

* If you were to drop a stone in a long trough filled with water, the disturb- 
ance would likewise travel away from the source to both ends of the trough, and 
then would be reflected back to the origin of the disturbance. 

3 



Bear in mind that a spark or arc produces a current surge or 
impulse which is fundamentally of an A.F. or super -audio frequency. 
Because the circuit in which this impulse is created has reflecting 
points ultra high frequency radiations are produced. The original 
A.F. impulse currents, flowing along the transmission lines, also pro- 
duce strong magnetic and electrostatic lines of force which may travel 
an appreciable distance through space. Magnetic and electrostatic 
interference fields of this nature get into the radio receiver through 
the aerial and ground, over the power supply lines or directly through 
the chassis. As these impulse fields induce strong impulse voltages 
in the R.F. or I.F. oscillatory circuits, forced oscillations modulated 
by the original noise currents are produced. 

A study of Fig. 1, which shows a typical "man-made static" prob- 
lem, will bring out many of the facts just discussed. An electric 
motor, located in a house, is sparking at S, one of the brushes. Impulse 
current, therefore, passes out of the feeder line to points marked 1, 

where a part divides to flow to points 2 and 4, and the remainder is 

reflected back to the motor to produce a radiation whose wavelength 
is determined by the distance between S and 1. At point 2 the impulse 
current will again divide, a part going to house B before being reflected 
back. The radio antenna on house B picks up noise radiation from all 
electric wires in the house and from the power line system, and the 
radio receiver itself receives the impulse current directly through the 
power line. A radio in house B, therefore, picks up more interference 
than a radio in house C, which is unwired and therefore receives noise 
signals only through space. 

It would appear that because of the parallel power leads in this 
system, out -of -phase impulse currents in the two wires would produce 
canceling fields. This is not true, because spark S is rarely produced 
in the electrical center of the disturbing device. In this example, 
where sparking is occurring at one brush, one impulse passes directly 
into the line while the other passes through the armature and the other 
brush first. The inductance of the armature thus reduces the strength 
of one of the impulse current signals and prevents cancellation of the 
currents. It is safe to say that any line which is connected electrically 
to a spark source will send out an interfering induction field. 

Reflection of the current impulses at points 1, 2, 3, and 4 produces 
standing waves on the line; radio waves modulated with noise signals 
are, therefore, radiated by the line to create troublesome interference 
in all -wave receivers. 
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REDUCING MAN-MADE INTERFERENCE 
In tackling any interference -elimination job, the practical aspects 

of the problem must be carefully considered, and even human nature 
itself must not be overlooked. Broadly speaking, however, the inter- 
ference -eliminating procedure may be divided as follows: 1, eliminate 
or reduce the sparking, if possible; 2, prevent the interfering current 
impulses from leaving the disturbing device; 3, prevent the various 
interfering signals from reaching and affecting the radio receiver. It 
is generally conceded that elimination of interference at its source is 
the best procedure, but in cases where this is impractical, filters and 
other devices which will keep the signal out of the radio receiver must 
be used. 

Reducing the interference at its source is not always the simplest 

.-ANTENNA ANTENNA 

FIG. 1. Diagram illustrating how interference created by sparking 
brush S on motor in house A can reach radio sets in vicinity. 

procedure, nor is it always permitted by the owner of the disturbing 
device. If a customer calls you on an interference job and you can 
directly trace the trouble to some device in the customer's home, the 
logical procedure is to kill the interference at its source. On the other 
hand, where your tests show that the interference is being created out- 
side of the customer's home, you must decide whether to search for the 
location of the interfering device or prevent the interference from 
affecting your customer's receiver; remember that once a disturbing 
device is located you must convince its owner that there is a need for 
interference -eliminating work, and that this work will make his own 
receiver more free from interference. 

After proving to yourself that the chassis of the receiver in ques- 
tion is not picking up noise directly (which of course includes trying a 
line filter to prove that the interference is not coming in over the 
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power line), your next important move is to install a noise -reducing 
antenna. You cannot, of course, guarantee that this will entirely 
eliminate noise interference troubles in the receiver, but you can be 
sure that it will improve radio reception as well as give a worth -while 
reduction in interference pick-up. Always make this perfectly clear 
to a customer who is ordering a noise -reducing antenna. Then, if the 
antenna fails in its primary purpose, you will not be blamed by the 
customer for something which is beyond your control, and you will be 
allowed to tackle the more difficult procedure of locating and eliminat- 
ing the source of interference. 

NOISE -REDUCING ANTENNAS 

You are already sufficiently familiar with noise -reducing antennas, 
so they will not be discussed in detail in this lesson. The type of 
antenna which you select for a job depends upon the type of receiver 
encountered, the antenna location, and to some extent upon your per- 
sonal preferences gained through experience with the products of dif- 
ferent manufacturers. An all -wave receiver calls for an all -wave an- 
tenna, while a broadcast band antenna should be put up where only 
American broadcast band stations are to be received. The length of 
the antenna and lead-in wires will vary according to the space avail- 
able. 

The effectiveness of any noise -reducing antenna depends upon 
your ability to locate this antenna in a position where it will pick up 
a minimum of noise interference. You can determine the ideal posi- 
tion with a battery receiver, using a loop or pole antenna and moving 
the set about until you locate a zone where the least noise is heard, but 
these three general rules for locating noise -reducing antennas will often 
allow you to "spot" a good location at a glance: 1, Place the antenna 
as high as is reasonably possible, keeping all unshielded vertical wires 
short; 2, keep the horizontal or straightaway portion of the antenna 
at a maximum distance from known sources of interference; 3, place 
the horizontal portion at right angles to nearby trolley lines, main 
power lines or transmission lines. The antenna on house C in Fig. 1, 
for example, is at right angles to the main power line running from 
points 2 to 4; the antenna on house B is not at right angles to this 
line, and is, according to the general rule, incorrectly placed. This 
antenna may actually give better results than an antenna which is 
perpendicular to the power line, for oftentimes interference radiated 
from various points will cancel itself in certain regions. If an antenna 
erected according to general rules fails to reduce the noise sufficiently. 
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try it in various directions. An antenna located in a noise -free zone, 
with the shielded or twisted leads correctly balanced and grounded, 
may be expected to prevent pick-up of noise signals. 

In a few instances it may be necessary to locate the exposed 
portion of the antenna at distances as great as 1,000 feet from the 
receiver, in order to get the antenna into a noise -free zone. Very little 
signal strength is lost by a long lead-in such as this, provided that 
both the antenna and the receiver are correctly impedance -matched to 
the lead-in, using shielded R.F. transformers for this purpose. Quite 
often, as in locations near railroad tracks along which run high tension 
power lines, or in locations near high power cross-country transmission 
lines, the placing of the antenna at a remote point is the only practical 
solution to the problem of interference elimination. 

SUPPRESSING NOISE AT THE SOURCE 
Assuming for the moment that the disturbing device has been 

located, you will invariably find it to be a spark, an arc or a rubbing 
condition. (All conductors such as pipes in homes acquire electrical 
charges; rubbing together of two of these pipes results in current im- 
pulses which cause interference.) If the spark or arc is not essential 
to the operation of the device, it should be eliminated or reduced in 
intensity. Rubbing parts should either be completely insulated from 
each other or bonded together with flexible metallic braid or stranded 
wire. 

When the sparking can neither be eliminated nor reduced, the 
logical procedure is to prevent the current impulses from flowing any 
distance away from the device. For this purpose filters consisting of 
condensers alone, or combinations of condensers with choke coils, are 
available and in general use. The correct sizes for these condensers 
and choke coils are usually quite difficult to determine in advance: it 
is necessary to try different values and use the smallest electrical sizes 
which satisfactorily stop the interference. 

The most commonly used coil -and -condenser combinations for 
filtering or blocking impulse currents are shown in Fig. 2. That shown 
at A, consisting simply of a condenser connected across the power line 
as close as possible to the noise source, is often quite effective as a 
filter. The shunt capacity provides a low impedance path back to the 
noise source for the high frequency component of the impulse current, 
lessening the tendency for this current to flow out over the power line. 
When this condenser is installed on a vacuum cleaner, for example, it 
should preferably be connected to the terminals of the motor and not 
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across the outlet plug terminals on the wall. If possible, try ground- 
ing the metal frame of the offending device; a short ground lead often- 
times reduces interference appreciably. All condensers used for filter- 
ing purposes on 110- or 220 -volt A.C. power lines should have peak 
voltage ratings of between 600 and 1,000 volts, for these units must 
withstand high voltage surges caused by impulse currents. 

When trying various filter combinations, it is important that some 
one listen to the receiver to note the effectiveness of each combina- 
tion when the disturbing device is not within "ear shot" of the receiver. 
Oftentimes the customer will be only too glad to listen to the receiver 
for you, but better results can generally be obtained with a trained 
assistant. If you are working alone, it is wise to set up a portable 
battery receiver near the location of the disturbing device, using head- 
phones rather than a loudspeaker if the interference noise proves too 
annoying to those nearby. 

With the filter shown at A in Fig. 2, there is no assurance that 
the impulse currents will pass to ground; the balanced condenser filter, 
having its center points grounded as shown at B, is therefore more 
effective. 

When condensers of a reasonably high capacity, such as 1-mfd. 
units, fail to give satisfactory noise reduction when used alone, a com- 

bination condenser -and -choke filter like that shown at C should be 

tried. This is essentially a brute filter which allows only very low fre- 
quency currents to pass through to the power line. The higher the 
electrical values of the coil and condenser, the better is the filtering 
action. Always use the smallest commercially available size which 
gives satisfactory results, for purposes of economy. The condenser 
may be connected either to the load side of the choke coil (C) or to 
the line side of the choke coil (D) . As a rule, however, the closer the 
choke is to the source of interference (D), the better is the impulse 
filtering action. Try the choke coil in one power lead first, then the 
other, to ascertain which position gives the better reduction in noise. 

Two choke coils and one condenser connected either as at E or F 
will often give improved results, while the grounded combinations 
shown at G, Hand I are even better filter combinations. Where sev- 
eral different parts of a device are sparking, such as in commutator 
type switches for signs or groups of contacts on a relay, then each line 
which carries impulse currents should be filtered in the manner shown 

at J. A choke coil is inserted in each line, and a suitable condenser 
connected from the load side of each line to ground. 
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Improved suppression of interference is often obtained by using 
a balanced filter having a ground connection which can be electrically 
varied in the manner shown at K; this circuit is otherwise essentially 
the same as those shown at G and H. The same balancing scheme can 
be used with the simple two -condenser filter shown at B; a 100 -ohm 
potentiometer, with its variable tap grounded, is connected between 
the two condensers. 

TO 
POWER 
LINE 

(Li) 

100 OHMS-,_ 

0 
FIG. 2. Condenser filters and condenser -coil filters are here arranged approximately in the order 
of their effectiveness, the circuit at I being the most effective for interference eliminating pur- 
poses. Circuit 1 is used with devices which have three make -and -break contacts or with a three- 
phase load, while circuit R is a variation of circuit G, which permits adjustment of the ground 

point. Grounding of S, the disturbing device, is optional in circuits A through F. 

A TEST DEVICE FOR DETERMINING THE MOST 
EFFECTIVE FILTER 

Any serviceman, having located an interference -producing device, 
can almost always secure an effective cure by installing an expensive 
filter like that shown at I in Fig. L. But cost to the customer must 
also be considered in a successful noise elimination job. If noise -free 
reception costs too much, many people will forego the use of their 
receivers or endure the noise, rather than pay the price; this is clearly 
not an encouraging condition for the radio sales and service business. 
Experience has proven that a satisfactory job done at the lowest pos- 
sible cost to the customer-a charge which gives a fair profit-is one 
of the most important requirements for success in radio servicing. 
This means that the simplest and lowest cost filtering devices should 
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always be tried first, working up gradually to the more complicated 
and more expensive combinations until the lowest cost unit is found 
which gives satisfactory filtering. 

A variable filter combination system which gives a choice of cir- 
cuit combination A, B, C, D, G or H in Fig. 2 simply by changing 
the setting of a rotary switch and changing connections to the unit is 

shown schematically in Fig. 3. All condensers used here should pref- 
erably have working voltage ratings of between 600 and 1,000 volts, 
while the choke coils should be capable of handling at least 5 amperes. 
Use non -inductive paper type condensers mounted in metal cases 
which can be grounded. Notice that two outlet receptacles, each hav- 
ing a plug-in cap with insulated alligator clips attached to flexible 
leads, are used for the input and output connections. A ground con- 
nection is made by means of a flexible lead having at one end a prong 

T .T .2T .T 

.5 
oo6Ofboo 

.5 T02MH. 
GROUND 
Sl CLIP 

DOUBLE DECK ROTARY SWITCH 
.5 TO2MN 

'0000008Ö'- 

B 

FIG. 3 Circuit diagram of a variable filter combination system which you can easily make for 
use in determining the most effective filter combination for an interference -creating device. Con- 
nection are made by plugging into standard electrical receptacles at A and B, and by plugging 
test prong into pup jack G. Mount parts in box of convenient size. Be sure power is off 

before making connections. The filter circuits provided here are those most generally used. 

which plugs into a "pup" jack on the unit; at the other end of this lead 
is an alligator clip which is to be attached to the frame of the inter- 
fering device or to a grounded object. 

When side A of this variable filter circuit is connected to the 
offending device, the condensers are next to the source of noise; when 
side B is connected to the device, the choke coils are closest to the 
source of noise. Single condenser connections and single choke and 
condenser filters are obtained by using one lead at A, one at B and the 
ground connection. When using condensers alone, always start with 
the lowest capacity, increasing the capacity up to 1 mfd. before resort- 
ing to choke coils. In making this test filter, be sure to use only those 
parts which can be readily obtained from radio supply houses at any 
time, for once the best filter setting is found, you must duplicate the 
parts used at that setting. 

The method just described for using a variable filter combination 
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system to determine the correct filter for a given job was first intro- 
duced by the Sprague Products Company; the interference analyzer 
which they developed for this purpose is shown in Fig. 4A, while the 
circuit diagram of their analyzer appears in Fig. 4B. This device is 
used in much the same way as that which was just described. The 
condensers and choke coils used in the Sprague Analyzer are exactly 
the same as the units supplied by the Sprague Products Company for 
use in interference filters; several of these are shown in Fig. 5. The 
choke coil is capable of handling currents up to 10 amperes; where 
larger currents must be filtered, larger capacity chokes can be obtained. 

When the condensers and choke coils required for a noise elimina - 

COURTESY SPRASUE PRODUCTS CO. 

FIG. 4A. This Sprague Interfer- 
ence Analyzer is one of the service- 
man's most effective weapons in the 
war against man-made radio inter- 
ference. The knob on top controls 

the circuit -selecting rotary switch. 

--{© GND. 

TO METAL CASES OF 
ALL CONDENSERS 

FIG. 4B. Circuit diagram of Sprague Interference 
Analyzer; numbers alongside condensers and choke 
coils refer to special interference elimination con- 
densers and chokes sold by the Sprague Products 
Company, and shown in Fig. S. A four -deck switch 
with six contacts per deck gives six different combi- 
nations of filtering units. Connections are made by 
inserting standard connecting plugs into the receptacles 
at A and B, and by plugging a test prong into the 
pup jack marked GND. Condenser IF -11 is of the 
dual -unit type, with the metal case serving as the 
common grounded connection. Positions 3 to 6 give 

balanced condenser filters. 

tion job cannot be readily installed inside or on the disturbing device, 
it is wise from the standpoint of eliminating fire hazards, securing a 
shock -proof installation and improving the general appearance of the 
installation, to mount the condensers and chokes in a standard elec- 
trical cut-out box such as is shown in Fig. 6. This procedure is com- 
pulsory for heavy-duty electrical devices which must pass fire under- 
writers' specifications and the regulations of local electrical inspectors. 

As you already know, a filter unit must be placed as close as 
possible to the source of sparking if it is to be effective in reducing 
noise. When a cut-out box is used, the leads connecting it to the 
source of disturbance should be run through BX conduit or iron pipes, 
this conduit being permanently clamped at one end to the cut-out 
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box and at the other end to the disturbing device; if necessary, a sep- 
arate ground wire should be clamped or soldered to the conduit. This 
shielding procedure will prevent the standing waves, formed on the 
connecting wires, from radiating modulated disturbance waves of low 
wavelengths, which might cause interference in ultra high frequency 
receivers. 

As a rule, interference filters have little effect upon the sparking 
or arcing itself, and serve only to prevent the current impulses from 
getting into the power line. Quite often the sparking at relay con- 
tacts, switch contacts and other make -and -break contacts can be 
greatly reduced by using a resistor in series with a single filter con- 
denser connected across the spark source. This connection is especially 

Courtesy Sprague Products Co. 

FIG. S. Typical interference elimination 
units. Left to right: Sprague Type IF -11 
dual 1 mfd., 600 volt condenser with 
metal can serving as common terminal; 
Sprague Type IF -50 single 1 mfd.. 
1,000 volt condenser unit with two ter- 
minals; Sprague Type IF -33. 1,000 volt 
rating condenser with two flexible leads, 
available in two capacities; Sprague Type 
CH -1 special interference eliminating 
choke coil (above), rated to carry 10 
amperes and mounted in a metal case 

which should always be grounded. 

worthwhile if you wish to prevent sparking contacts from pitting 
badly and producing even more serious disturbances at a later date. 

THE NOISE DETECTIVE 
You now know what to do once an interference -producing device 

is located; locating the offending device itself is another problem. 
however, and one which often calls for systematic thinking and even 
detective work. A well -trained interference -elimination technician 
can listen to the noise coming in over a radio receiver, ask a few 
questions of the customer and from these observations get clues which 
will permit rapid isolation of the offending device. Just as a detective 
asks questions when searching for a criminal, so should the Radio- 
Trician ask questions when on an interference job. When was the 
noise last heard? At what time of the day or night is it usually 
heard? Is the noise always the same in character? When was the 
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noise first heard? These are questions whose answers may give you 
clues to the solution of the problem. The opinion of the customer as 
to the source of the trouble is also of value. Ask if the noise began 
about the time that some one in the neighborhood bought an electric 
refrigerator, a vacuum cleaner, fruit juice extractor, or other electrical 
appliance; try to associate the beginning of the interference noise with 
the arrival of a new neighbor, the installation of traffic lights at the 
corner, or the installation of a new neon sign in a nearby store. Neigh- 
borhood gossip can provide useful tips for the noise detective. 

The value of knowing the time when interference noises are heard 
can easily be demonstrated. For example, interference heard for a 

Courtesy Sprague Products Co. 

FIG. 6A. The required combination of inter- 
ference eliminating chokes and condensers should 
be mounted in a steel cut-out box like this, with 
all wires to the sparking device being run 
through BX conduit or pipe to meet fire under- 
writers' regulations and give a more efficient 

installation. 

FIG. 6B. Another arrangement of 
filter units in a steel cut-out box. It 
is a good practice to place a fuse in 
series with each condenser, as is done 
here, for breakdown and short-circuit- 
ing of a condenser would otherwise 
place a direct short across the power 

line. 

little while around breakfast time and perhaps occasionally late in the 
evening at a time when you know that the neighbors are having a 
party, may be produced by a fruit juice extractor; noise heard at 
intervals fifteen to thirty minutes apart may be due to an oil burner, 
a refrigerator, an air compressor in a nearby beer parlor or any other 
device which is operated only for short periods of time and is auto- 
matically controlled. Interference which is heard only when a street 
car or train is passing near the house gives an obvious clue; interfer- 
ence heard in apartments when the elevator is in operation proves 
that the trouble is in the elevator motor. Clicking noises heard when 
lights are turned on in the house tell their story at once. Your ques- 
tioning of the customer, once you suspect a possible cause of the 
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trouble by listening to the noise yourself, should result in a quick 
isolation. 

If the interference can be picked up by the radio receiver at the 
time when you call, give special attention to any peculiarities of the 
sound; note whether the interference is heard with the same intensity 
at all frequencies. With a little experience you will be able to make 
very good guesses as to the causes of different types of interference 
noises. Until you have gained this experience, use the following sug- 
gestions which have been prepared by the Tobe Deutschmann Cor- 
poration of Canton, Massachusetts, as your guide in recognizing the 
sources of interference noise which you hear. 

Whirring, crackling, buzzing, humming, droning and whining 
sounds are characteristic of motors and generators. When motors 
start, the pitch of the whine increases until it reaches a steady value. 
This is especially true of commutator type motors. Repulsion start- 
ing single-phase induction motors may have a sputtering, whirring, 
crackling, buzzing or humming sound. When such sounds are heard, 
look for such electrically operated equipment as: 

Adding Machines Farm Lighting Plants 
Air Conditioning Units Floor Polishers 
Automatic Towel Rollers Generators 
Barber Clippers Hair Dryers 
Beauty Parlor Devices Humidifiers 
Billing Machines Massage Machines 
Cash Registers Motor -Generators 
Dental Engines Portable Electric Drills 
Dishwashers Printing Presses 
Dough Mixers Sewing Machines 
Drink Mixers Shoe Dryers 
Electric Addressing Machines Small Blowers 
Electric Computators Telephone Magnetos 
Electric Elevators Toy Electric Trains 
Electric Refrigerators Vacuum Cleaners 
Electric Vibrators Valve Grinders 
Fans Washing Machines 

Rattles, buzzes and machine-gun fire sounds indicate interference 
from buzzers, telephone dials or doorbells. These noises are usually 
intermittent, starting and stopping at irregular intervals. Short ma- 
chine-gun firing sounds indicate telephone dialing interference. Look 
for such interfering devices as: 

Annunciators Doorbells 
Automobile Ignition Systems Elevator Controls 
Buzzers Sewing Machines 
Dental Laboratory Motors Switchboards 
Dial Telephones Vibrating Rectifiers 
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Violent heavy buzzing or rushing sounds are often heard over a 
large area or even a whole town, the sounds being at times so loud 
that they drown out the radio program. They may be louder at one 
end of the tuning scale of the receiver, indicating high frequency 
noise -modulated radiation; they may be heard only on certain bands 
of all -wave receivers. These sounds may be traced to: 

Air Purifiers 
Battery Chargers 
Diathermy Machines 
Doctors' Apparatus 
Flour Bleaching Machinery 
High Frequency Apparatus 
Insulation Testers 

Neon Signs 
Ozone Devices 
Spark Transmitters 
Spark Ignition in Oil Burners 
Violet Ray Apparatus 
X -Ray Machines 

Crackling, sputtering, snapping, short buzzes or scraping sounds 
indicate loose connections; if in the house, they will be especially no- 
ticeable when walking about; if outside, heavy traffic or street cars 
may increase the intensity of the sounds. Look for: 

Defective Light Sockets 
Flimsy Elevator Controls 
High Tension Lines 
Power Lines Grounded to Trees 
Street Cars 
Wet Line Insulators 

Loose connections in floor lamps and 
appliance cords; broken heater ele- 
ments in household appliances. Un - 
bonded rubbing metal contacts in 
houses, such as adjacent water pipes. 

Clicking sounds are a definite indication of some sort of make - 
and -break connection essential to electrically operated industrial 
equipment, such as: 

Elevator Controls 
Flashing Signs 
Heaters, Automatic 
Heating Pads 
Incubators 
Irons 
Mercury Arc Rectifiers 
Electric Typewriters 

Ovens 
Percolators 
Shaving Mug Heaters 
Soldering Irons 
Telegraph Relays 
Thermostats 
Traffic Signals 
Safe Time Clocks 

Heavy violent buzzing sounds, usually of short duration, are char- 
acteristic of heavy sparking or arcing across a gap. Such sounds are 
traceable to: 

Arc Lights 
Automobile Ignition 
Breaks in Third Rails 
Electric Car Switches 
Electric Elevators 
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Motion Picture Projectors 
Pole Changer (Telephone Interrupter) 
Street Car Switches 
Street Lights 
Toy Electric Trains 



TRACING THE ORIGIN OF INTERFERENCE 
After making a survey of an interference 'problem, the Radio- 

Trician is generally able to tell whether the interference noise heard 
is produced in the customer's house or outside the house; in an apart- 
ment building he can readily tell whether devices in the customer's 
apartment are at fault. When the source of noise can be quickly 
located, a simple filter will remedy the trouble at minimum expense 
to the customer. 

When, however, locating the offending device involves a search 
through many apartments in a building or many houses in a neigh- 
borhood, by all means give the noise -reducing antenna first considera- 
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Make this simple test with a condenser -choke filter of the 
plug-in type to determine whether interference is reaching the 
receiver directly over the power line. If interfering noises 
are still heard when the set is connected as shown, with the 
dual condenser line filter inserted in the power line, you 
have proved that the receiver itself is creating the noise; if 
no noise is heard but noises return with full intensity when 
the filter is removed, the interference is coming in over the 
power line. The remedy in this case is obvious: Install a 
line filter. The circuit diagram for the line filter recom- 

mended for this test is shown at the lower right. 

tion, after you first try a line filter across the power leads of the 
receiver. Occasionally noise signals get in by this route. 

Before actually installing a noise -reducing antenna, make sure 
that direct chassis pick-up of the noise signal is not involved, either 
by making the usual test with antenna disconnected and the receiver 
input terminals shorted, or by operating another receiver in the same 
location. Direct chassis pick-up is ordinarily encountered only in 

older types of receivers which have a number of unshielded parts. 
Interference Originating in the Customer's Location. A quick test 

which will rule out the customer's location as the source of interfer- 
ence can be made with a portable battery receiver of the type which 
uses a loop or fish -pole antenna and no ground connection. The inter- 
fering noise should be heard on the battery receiver when it is placed 
in operation near the customer's receiver; if the noise is not heard, 
check the customer's antenna and ground system for poor joints and 
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exposed wires which are rubbing against a tree or building. Assuming 
that the interference noises are heard on the battery receiver, have 
some one open the main power switch which controls the entire elec- 
trical system in the house or apartment. If the noise disappears or is 
greatly reduced when this is done, at least one of the offending devices 
is in the place. 

Locating the Noise -Producing Device in the Home. In small 
homes or in apartments this is easiest done by switching each of the 
electrical appliances off and on while the customer's receiver is in 
operation. In large homes this is done more quickly by having an 
assistant remove the fuses for each electrical circuit in the house in 
turn, while you note the effects on the customer's receiver. When the 
noise stops, you have isolated the defective device to one particular 
circuit; there remains only the checking of each part, device and con- 
nection in this circuit. The following procedure has proven very effec- 
tive for isolating noise -producing sources: 

1. Check the antenna, lead-in and ground for loose or poor connections. 
2. Be sure that none of the service wires which enter the house are rubbing 

against the branches of trees or against the building. 
3. Make certain that the service conduit containing the supply wires leading 

into the house is grounded. 
4. The wiring in the house should be grounded as provided by the accepted 

local electrical code. Have a licensed electrician check this if there is 
any doubt in your mind. 

5. Be sure that all switches in the distribution system make firm contact. 
All line fuses should be firmly in place, with clean contacts. No tem- 
porary fuses or fuse shorts should be allowed. Fuses should be checked, 
as a loose connection between the fusing material and the contact cap 
will create arcs. 

6. Inspect all connections in switch boxes, distribution boxes and fuse boxes 
for looseness, tightening terminal screws where necessary. 

7. Examine all lamp bulbs used in the house and make sure that they are 
firmly screwed into their sockets. Turn on each lamp and tap it on the 
side for loose elements and poor base connections. Question the socket. 

8. Check all lamp extensions and attachment plugs to every appliance, look- 
ing for loose contact. Shake extension cords, listening to the radio for 
signs of poor internal connections while the device connected to the cord 
is turned on. Extension cords with knots and kinks, as well as worn 
cords, are prolific sources of interference. 

9. Repair or replace snap switches which do not open quickly. 
10. Water and gas pipes or electric conduit pipes rubbing against each other 

may discharge their electrostatic charges. Bond the pipes together at the 
rubbing joint or insulate the contact surfaces. Quite often the turning 
on of a water faucet, walking through the house, use of household appli- 
ances or the operation of oil burners or refrigerators will start such elec- 
trostatic interference. With experience you will be able to distinguish 
electrostatic noises from those produced by electrical apparatus. 
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In checking these items the receiver should be turned on, with 
your assistant or even the set owner listening to the receiver, while you 
check various things in the house. A broom handle may be used for 
probing or knocking against pipes; when the region surrounding the 
noise source is probed, noise will be clearly heard in the receiver. 

Interference Outside the Customer's Home. When your tests show 
that the noise source is not in the customer's home, and the installation 
of a noiseless antenna proves inadequate, then the defective device 
must be isolated by means of an "interference locator." A portable 
receiver with self-contained batteries may be employed. The receiver 
should be sensitive, employing three to four R.F. pentode stages if a 
T.R.F. set; a portable superheterodyne may also be used. If the re- 
ceiver is not already well shielded, it should be built into a heavy 
aluminum box. Inexpensive and sensitive portable battery receivers 
may be purchased from large radio mail order houses. In addition to 
the headphones used as an output indicator, a copper oxide rectifier 
type 0-5 volt voltmeter having a 1,000 ohm per volt sensitivity should 
be permanently connected to the output. Thus both aural and visual 
output indications are available. Whatever receiver is used, it must 
not have A.V.C., for this would tend to conceal changes in interference 
intensity. 

The pick-up system may be a 7 -foot collapsible aluminum pole or 
a loop antenna. In the latter case the antenna coupler in the receiver 
must be disconnected and the input condenser arranged to tune the 
loop. For an .00035 mfd. input variable condenser a box type loop 
containing 24 turns spaced 1/8 inch apart on a 20 -inch square form 
will be needed to cover the broadcast band. Use No. 18 or 20 gauge 
D.C.C. wire. Both pole and loop antennas may be used by installing 
a D.P.D.T. change -over switch. The pole antenna is preferred where 
there are many overhead wires in the vicinity of the home; the loop 
antenna performs best in open spaces. 

In locating a noise source, first listen to the noise signal on the 
portable receiver, with the tuning dial set to a frequency where broad- 
casts are not heard. Using the loop antenna, rotate the loop until a 
maximum output meter reading is obtained. The noise origin will be 
in the plane of the loop (along a horizontal line parallel to and passing 
through the top of the loop), but may be either ahead or behind the 
loop. Walk in the direction which gives increased output readings. 
Where overhead supply wires exist (we assume that the investigation 
is started outdoors, as everything in the house has been checked), the 
greatest noise signal will be evident when the loop is parallel to the 
overhead wires. This does not identify the source, however. Where 
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overhead wires do not exist, then the direction of interference may be 

identified from two positions about 200 feet apart and, by following 
the two directions to their apparent intersections, the approximate 
location is obtained. 

With the pole antenna use the "hot -and -cold" method, walking in 
the direction which gives increased noise in the phones or an increased 
output meter reading. Where an overhead power line is involved, fol- 
low the line for maximum output. The loop antenna may also be used 
in the above "hot -and -cold" method. Always point the loop in the 
direction of greatest output and follow the direction of maximum out- 
put indication. Follow overhead lines with the loop parallel to the 
line. 

If some indication of the direction of the interference is secured 
from the customer, increased output should be obtained when moving 

1 1...1 701.0 
MFD. A condenser and resistor 

SPARK in series, connected as 

X 
shown, will reduce the in- 
tensity of a spark at make. 

100 and -break contacts. 
OHMS 

the interference locator toward the suspected point. For instance, if 
you are told that noise started when the neighbor installed a new 
refrigerator, walking to the neighbor's home when the noise commences 
should show increased noise output. 

The independent interference man must realize that in locating 
a fault he may have to trespass on private property. Where the 
trouble originates in a home or building, it should not be difficult to 
obtain permission, once he identifies himself. In case the trouble is 
traceable to power lines and line equipment, the power service super- 
intendent should be informed; he will without doubt have his engi- 
neers cooperate in the matter and make the necessary corrections. 
Most power companies and public utilities have engineers who special- 
ize in interference work. This text does not consider interference 
troubles peculiar to public utilities; where the trouble is traced to 
telephone equipment, street railway lines or other public service equip- 
ment, explain the situation to the customer and suggest that he notify 
the company in question. 
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Once the noise has been localized to some house or business estab- 
lishment, first secure permission from the tenant or owner, then pro- 
ceed to isolate the defective device in the same manner which you 
would use in the customer's home. If the noise is traced to a point 
some distance away from the customer's home, it is probably due to a 
device which draws considerable power; thermostat contacts, electric 
light switches, and electrostatic sources of interference can generally 
be ruled out in a case like this. 

COMMON INTERFERENCE CONDITIONS 

A study of a few common interference -producing conditions which 
may arise in various types of electrical equipment will help to clarify 
this important problem of interference elimination. 

Electric Motors and Generators. Any electric motor, especially 
the D.C. and universal A.C. motors which employ commutators, should 
be suspected as a source of noise interference. Probable causes of 
trouble here include sparking at the commutators due to poor contact 
with the brushes, and dirty or uneven commutator segments. Sparking 
causes pitting and burning of the commutator segments, and the inter- 
ference situation rapidly grows worse; before attempting to clean up 
the motor, connect the interference analyzer and determine whether a 
simple filter combination will completely eliminate the present inter- 
ference. If the combination of filters required proves excessive in 
cost, repeat the analyzer test after you have remedied the sparking; a 
less -expensive filter should now prove sufficient. For motors try the 
filter combination shown at B in Fig. 2 first; if this is insufficient, add 
two choke coils as shown at G in Fig. 2, making sure that the coils 
used will carry continuously the full load current of the motor. For 
110 volt motors figure 10 amperes per horsepower; estimate 5 amperes 
per horsepower for 220 volt motors. 

No interference -remedying job on a motor can be considered com- 
plete unless the cause of the trouble is removed or at least rectified. 
The commutator should first be cleaned and made smooth with fine 
sandpaper, and the brushes then reshaped if necessary to fit the com- 
mutator better. It is common practice to smooth the commutator, 
where it is not too badly worn, by wrapping or tacking sandpaper to 
a flat block of wood and applying this while the motor or generator 
is revolving. Brushes can be reshaped with the motor or generator at 
rest; slip a piece of sandpaper under a brush, with the cutting surface 
facing the brush and the sandpaper pressed against the commutator. 
Rock the commutator back and forth slowly until the brush takes its 
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proper curvature. When you have finished, wipe off the brushes and 
the commutator carefully and apply a very small amount of vaseline 
over the surface of the commutator. 

Oftentimes sparking at brushes can be reduced by shifting the 
positions of the brushes to get improved commutation. Rock the 
brushes slowly back and forth a very short distance until minimum 
sparking is observed; this should be done while the machine is operat- 
ing at normal load if best results are to be obtained. With generators, 
moving brushes in the direction of rotation ordinarily reduces spark- 
ing; with motors the opposite holds true. 

Make -and -Break Contacts. With simple make -and -break con- 
tacts such as are found in switches, temperature control thermostats, 
automatic electric irons, electric water heaters and similar devices, a 
filter consisting of a single condenser or a condenser in series with a 

Combination choke -condenser filters mounted 
in metal cut-out boxes are often necessary 
to stop interference created by medium and 
large sized motors. Connections between 
motor and filter box must be run through 

flexible BX conduit, as shown here. 

Both input and output leads of a rotary con- 
verter must be filtered, using choke -condenser 
units mounted in cut-out boxes and mounted as 
close as possible to the machine. F represents 
field coil, A the armature of the converter, which 

here changes D.C. to A.C. 

resistor will usually prove sufficient to eliminate the interference. It 
is always a good plan to clean and adjust the contacts, in order to 
prevent a prolonged arc which would prove destructive to the contact 
points and cause even more severe interference than before. 

Oil Burners. Interference produced by oil burners can usually be 
traced to the high tension ignition circuit, to automatic switching 
devices, or to the motor. Some burners use a gas pilot light, eliminat- 
ing ignition systems as a possible source of interference; this you can 
easily confirm by inspection. If the interference noise is continuous 
for the period during which the burner is operating, the motor is 
clearly at fault; if the noise is heard only for a short period when the 
burner starts, the ignition system, one of the relay devices or the 
starting mechanism in the motor is at fault. Trouble at the motor can 
usually be eliminated by installing a filter as close as possible to the 
brushes. 
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Ignition system troubles are remedied by shielding all high ten- 
sion wiring either with metal conduit, with flexible metal loom, or with 
metal braid, the shield being well grounded at each end in all cases. 
Some servicemen recommend that the frame of the oil burner be 
bonded to the boiler and to ground with heavy wire or metal braid, 
to prevent radiation. Try a coil and condenser type filter across the 
input leads of the ignition transformer; try simple condenser filters 
across thermostat contacts and relay contacts. Oftentimes it is neces- 
sary to place a wire shield around the ignition electrode in gun -feed 
type oil burners and ground this shield to prevent ultra high fre- 
quency radiation. 

Here are a few practical suggestions concerning oil burners. If 
the noise elimination job on a burner appears at first inspection to be 
a rather involved affair, it is well worth while to contact the local dis- 
tributor of that burner. Similar interference conditions will have been 
encountered in other installations, and often the distributor can make 
suggestions or supply special equipment which will remedy the trouble 
in short order. Once you prove that you can eliminate interference on 
that type of burner, the distributor may even refer similar jobs to you. 
Remember that all filters should be placed in metal housings to con- 
form with underwriters' regulations. 

Electric Refrigerators. The motor is the usual source of trouble 
in electric refrigerators; its treatment has already been taken up. 
Static charges accumulating on the compressor -motor belt sometimes 
cause trouble; the remedy here is bonding the motor frame and the 
compressor frame either to the refrigerator frame, to some large metal 
mass in the unit or to ground. Refrigerator mechanisms are usually 
mounted on spring supports; occasionally you will find that a spring 
has weakened, allowing a make -and -break contact between the refrig- 
erator frame and the part in question; in this case install a new spring. 
If the interference is traced to a sparking thermostat, it is wise to call 
in a refrigerator serviceman; adjustments on refrigeration control de- 
vices such as this require specialized knowledge. 

Electro -medical Apparatus. X-ray machines, violet ray appa- 
ratus and diathermy machines can cause a great deal of annoying 
interference; these may prove the most stubborn cases which you will 
encounter. Most of the equipment now being marketed is designed to 
create a minimum of interference,but older models are trouble -makers. 
Modern vacuum tube type diathermy machines create interference at 
only one frequency in the short-wave region; this interference can be 
eliminated only by placing the machine in a screened room. 
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With medical apparatus in general, the first step involves placing 
a choke -condenser filter in the supply line to the device. If this is 

insufficient, the only recourse is to place the apparatus in a screened 
room. The frame of the room can be either of metal or wood; this is 

then covered with either iron or copper screening, preferably both in- 
side and outside of the framing, and the screening is well bonded 
together at all joints. The door must be so constructed that it makes 
firm electrical contact with the remainder of the screen when closed. 
Filters should be placed on all power lines which enter or leave this 
screened room, for otherwise interference would be conducted outside 
and there radiated; the filters should be placed. as close as possible to 
the exact points where the lines pass through the screen. 

Courtesy Tobe Deutschmann Corp. 

When electromedical apparatus is creating noise 
interference a grounding screen cage like this 
must often be used. All joints must either be 
soldered or continuously bonded in some way. 
Filter units must be attached to all power lines 
at the points where they enter the cage. All 
devices and filter unite inside the cage should be 
grounded to the screen; connect the screen to a 
nearby ground if this gives an additional reduc- 

tion in interference. 

Flashing Signs, Traffic Lights and Neon Lights. In general, inter- 
ference from these three sources can be spotted by visual inspection 
and by studying the nature of the sound heard in the receiver. For 
example, if a steady choppy noise is heard in synchronism with the 
flashes of a yellow blinker light up the street, the defect is immediately 
isolated. If a steady rolling or clicking sound is heard, and you note 
in the vicinity a sign having a continuous change of light, perhaps 
around the border, that sign is very likely the offender. Whenever 
there is some question as to the source of trouble, use the portable 
receiver to localize the trouble. The next -step is a study of the device 
in question to determine the simplest filtering procedure. 

Simple flashing signs which have a single make -and -break flasher 
require only a filter condenser connected directly across the contacts; 
the closer the condenser is to the contacts, the more effective it will be. 
Motor -driven contactors are generally used in signs which create the 
effect of motion; the first step with these is to filter the motor supply 
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leads, then the main supply leads to the electric lights. If this fails, it 
is then necessary to connect a filter to each contact on the contactor. 
The condenser should be connected from the contact to the common 
terminal for all circuits, which is ordinarily easily located. In severe 
cases of interference it is necessary to place a choke coil in each lead 
to the lights, the condenser being connected from the contact side of 
the coil to the common power lead. Short connections are essential 
here to prevent high frequency radiation. 

Flashing traffic lights are treated in much the same manner, using 
condenser filters across the contacts and line filters where necessary. 
This work must naturally be done under the supervision of the proper 
authorities. 

Moving belts and belt conveyers are sources of static dis- 
charges, not only creating noise interference but actually 
endangering the lives of nearby persons and the insulation 
in the machinery. A grounded metal comb with flat or coil 
springs rubbing on the belt will discharge this static elec- 
tricity harmlessly to ground and at the same time stop the 
radio interference. Use a good ground which is carefully 
erected. In any industry where static electricity is produced. 
all fixed and movable parts of machinery should be 

grounded. 

Neon signs of the non -flashing type do not as a rule cause inter- 
ference troubles; where interference is positively traced to these signs, 
about the only remedy is the installation in the primary leads of the 
high tension transformer of a condenser -coil filter of the type shown 
at G and H in Fig. 2. When a rotating contactor is used in the pri- 
mary circuit of a number of neon transformers to switch from one 
group of tubes to another, filters must be connected to each contact 
and to the motor of the contactor. Where the rotating contactor is in 
the secondary circuit, switching high tension currents from one to an- 
other of a number of small sections of neon tubing, condenser filters 
are out of the question because of the high voltages involved. Try 
inserting 10,000 to 25,000 ohm spark suppressor resistors in each high 
tension lead; choke coils inserted in these leads may also reduce the 
interference. In certain severe cases the only remedy may be a com- 
plete change -over of the sign -operating mechanism, which will place 
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the rotating contactor in the primary circuit and provide a separate 
transformer for each section of tubing; such an arrangement is more 
readily treated for noise suppression, but the cost of making the 
change -over is generally so high that the job of filtering is given up. 

Quite often neon tubing will accumulate an electrostatic charge 
which leaks off to the nearest metal objects or at points of support; 
try placing mica sheets at these points. The two chains which some- 
times support neon signs in show windows often acquire a difference 
in potential; insulating each chain from the neon tubing or using a 

non-metallic type of support will effect a remedy. Neon signs should 
be kept as far away from glass windows as possible, to prevent ac - 

Examples of typical commercial filter units for interference -creating electrical appliances. 
At A is a single condenser unit which may be slipped over the prongs of the appliance 
plug; B is a similar unit, but of larger capacity, for insertion between appliance plug and 
wall outlet; C is a dual condenser filter with a midpoint terminal which can be grounded: 
D contains a condenser and coil combination designed for use with larger appliances. These 
devices are generally carried by those servicemen who do not make a specialty of inter- 
ference elimination; by trying each device in turn, they can generally find one which will 
give satisfactory noise reduction where there is only mild interference. Never connect 
condensers larger than 1 mfd. directly across an A.C. line for filtering purposes; the power 
losses in larger condenser units are often high enough to cause excessive heating on con- 

tinuous duty, resulting in failure of the condenser. 

cumulations of static charges on the glass. Quite often a general 
overhauling of the neon sign, done by a sign expert, will greatly reduce 
the interference and make ordinary filtering procedures effective. 
This involves cleaning of all insulators and all tubing, to prevent high 
tension currents from leaking over dust -covered glass surfaces. 

Thus you can see that the elimination of interference, once the 
source has been located, calls for "horse sense" and a certain amount 
of "trial and error" work, as well as a knowledge of the causes of 

interference and the technique of filtering. 
Radio Noise Survey. Although the results of any survey made 

of causes of radio interference noises will vary with the locality, the 
following data taken from one such survey gives a general indication 
of the frequency with which various noise complaints occur. Out of 
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9,000 complaints, about 30 per cent were traced to power companies 
and public utilities, about 30 per cent to apparatus owned by the 
general public, about 15 per cent to defective radio sets and the re- 
mainder to transient or unlocateable conditions. Of the 30 per cent 
traced to devices owned by the public, motors and motor -operated 
devices accounted for 10 per cent, defects in wiring of building -6 per 
cent, switches and interrupter apparatus -5 per cent, electro -medical 
apparatus and neon signs -3 per cent, and miscellaneous -6 per cent 

SECURING INTERFERENCE ELIMINATION BUSINESS 

Noise is as old as civilized man, but radio has made the public 
more noise -conscious today than ever before. Noise ruins the enter- 
tainment value of radio programs, changing the radio receiver from a 
luxury to a nuisance in the customer's mind. Interference elimination 
is so much a community affair that many towns and cities have passed 
ordinances which compel those people owning interference -creating 
devices either to eliminate the noise or to cease using the offending 
device; as the public demands better and better radio programs, laws 
become more widespread. With laws such as this in your favor, the 
securing of interference elimination business is comparatively simple, 
but even if you must first sell the idea of noise elimination to a cus- 
tomer, there are enticing profits awaiting you in this field. In addi- 
tion, this side -line of servicing will bring more regular service jobs to 
your shop. 

Always make inquiries about possible interference on each radio 
receiver service call which you make; bringing noise interference to 
the attention of the public and stressing the fact that practically all 
noise can be eliminated, will eventually produce many interference 
elimination jobs for you. If you plan to become a specialist in noise 
elimination, it is a wise plan to select a certain section of your town, 
preferably in the immediate neighborhood of your shop, for complete 
noise elimination. It may take weeks or months to locate and remedy 
all noise sources in this section, but once all noise has been eliminated, 
your reputation will spread throughout the town, and your work in 
other sections will prove more easy. Then, too, the experience gained 
will be of great value in solving similar problems elsewhere. 

Be sure to contact the trouble -shooting department of your local 
power company, and the same department in any other nearby public 
utility. These firms constantly receive complaints of interference; 
once you have shown that you can handle this work, they will wel- 
come you with "open arms" and even send jobs your way. Whenever 
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you encounter an interesting or particularly successful job, always call 
your local newspaper; anything with a little human interest makes a 

good story for the newspaper and gives profitable publicity to you. 

Having selected a six or eight -block square section of your town 
as a starting point, the best approach is to announce that you are 
making a "radio interference survey." Visit the homes and business 
establishments in this section, preferably during your spare time, 

Courtesy Tobe Deutschmann Corp. 

Examples of filter installations on small electric appliances which are creating interference 
because of sparking or arcing. A-vacuum cleaner motor interference can generally be cured 
by inserting a dual condenser filter in the connecting cord, not more than six inches away from 
the motor, and grounding the midpoint terminal to the frame of the appliance; arrow points to 
filter. B-interference created by the blower motor of a small hair dryer can often be satis- 
factorily reduced by placing a condenser filter of the plug-in type between the wall outlet and 
the hair dryer plug. C-plug-in type dual condenser filter inserted in sewing machine motor 
cord, as close as possible to motor, gives a neat interference -reducing installation where it is 
not feasible to make connections directly to motor terminals. D-condenser filter connected 
directly to terminals of a small mixer; this is not an ideal installation, for the filter interferes 
with the use of the appliance. E-plug-in type condenser filter inserted in cord of barber clip- 
pers, close to motor, gives satisfactory elimination of interference in most cases. Always try 
plug-in filters at wall outlet first, to avoid unnecessary cutting of appliance cord. Ground mid- 

point of filter to trame of appliance or nearby ground wherever possible. 

explain what you are doing and ask if they have noticed any radio 
interference noises. Secure their permission, if possible, to turn on 
their radio receiver so you can listen for the noise yourself. By start- 
ing in a section where you are known, opposition to such a survey will 
be at a minimum. Keep your eyes open for regular service jobs while 
making the survey, and put in your bid for the job either at the time 
of the call or at a later date. 

After each call, when making the survey, write your observations 
on a small card, perhaps of the three by five -inch size. With these 
cards arranged in geographical order, a study of them should show 
you where interference is a maximum; your first efforts should be 
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concentrated in this region. Secure permission to check on all sus- 
pected devices, and apply the interference -isolating technique which 
has already been explained. 

If you hesitate to make a sales talk in each home in order to 
explain your purpose, send printed post -cards or letters explaining 
what you intend to do; this will tend to offset possible objections or 
the need for lengthy explanations when you make your call. A car- 
toon or drawing on the card or letter will attract attention to the pur- 
pose of your message and thereby give better results for you. Litera- 
ture like this can also be used to explain why certain devices cause 
interference and why this interference should be eliminated at its 
source; this literature, by calling to the attention of customers man- 
made interference situations which they may not have recognized as 
such, will make it easier for you to sell filters and interference -elimi- 
nation services at a later date. 

LINE FILTER CONSTRUCTION DATA 
Line Filters for Radio Sets. Get two .5 mfd. tubular paper condensers 

rated at 600 volts D.C. working voltage, one bakelite coil form about 6 inches 
long and 3 inches in diameter, and a half pound of ordinary No. 18 bell wire. 
Unwind the wire and cut into two pieces of equal length. 

Drill two holes (each about 1/8 inch in diameter) at one end of the coil 
form, locating them about a half inch in from the edge of the form and about 
one inch apart. Anchor each wire by looping it once or twice through its 
hole, leaving about 6 inches projecting for connections. Proceed to wind the 
two wires side by side on the coil form in a single layer, with turns as close 
together as possible. When all but about 6 inches of the wire has been wound 
in this manner, drill two more holes about one inch apart and loop the ends 
through these holes for anchorage. This will give you two coils of approxi- 
mately 35 turns each, wound on a single coil form. 

Insert this filter choke in the radio set power cord, either at the wall 
plug or at the radio set. In other words, cut the two wires of the radio set 
cord at the desired location, connect one pair of cut wires to the leads at one 
end of the choke, and connect the other pair of cut wires to the two leads at 
the other end of the choke. Now connect one terminal of each .5 mfd. con- 
denser to one of the leads at the receiver end of the choke coil; connect the 
remaining two condenser leads together and provide a means for grounding 
this common condenser connection (to a convenient water pipe or to the radio 
set ground if you know that to be good). Cover all exposed connections with 
friction tape. This completes the filter itself, but you will probably want to 
mount it in a wood or metal box so no dangerous 110 volt A.C. terminals will 
be exposed. The circuit of this filter is like that shown on page 16 (with the 
receiver connected and plugged into the outlet on the filter), or like that in 
Fig. 2G if S represents the receiver. 

General Filter Construction Hints. The same general filter construction 
described above will serve for practically any line filter application if the wire 
used in winding the choke is the same size as the power cord wire used for 
the appliance being filtered. In other words, if you are filtering an electric 
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or having No. 14 wire in its line cord, wind the choke with about 35 turns 
coil (70 in all) of No. 14 insulated wire; No. 14 tinned solid copper push - 

k wire will do nicely, or you can use the same size of double cotton -covered 
and apply a coating of insulating varnish to the completed choke. To 
is number of turns, you will have to order about 60 feet of wire in what- 
ize is required. Naturally you will need a longer coil form for heavier 
ince the choke must be in a single layer. The condenser size specified 
ight for all cases; in general, the condensers should be connected to 

of the choke which will make the interfering signals go through the 
efore they reach the condensers. 

TEST QUESTIONS 

e sure to number your Answer Sheet with the number appear - 
the front cover underneath the title of this text. 

ace your Student Number on every Answer Sheet. 

ever hold up one set of lesson answers until you have another 
to send in. Send each lesson in by itself before you start on the 
sson. In this way we will be able to work together much more 

ely, you'll get more out of your Course, and you will receive the 
possible lesson service. 

What effect does a tone control, which cuts off the high audio fre- 
quencies, have on static noises? 

In locating the best position for the straightaway portion of a 
noise -reducing antenna, what three rules would you follow? 

What type of filter would you try if simple condenser filters using 
1-mfd. units failed to give satisfactory noise reduction? 

What should be the peak voltage rating of condensers used on 
ordinary 110 or 220 volt A.C. power lines for filtering purposes? 

N. What are the probable causes of noise interference in D.C. motors? 
6. What type of filter would you use on a make -and -break contact? 
7. When interference -producing apparatus is located in a completely 

screened room or cage, where should the line filters (which are 
placed on all power lines entering the room) be placed? 
When using a pole antenna with an interference -locating receiver, 
how can you tell when you are approaching the source of noise? 
If interference noise traced to an oil burner is continuous for the 
period of operation of the burner, what is the cause? 

0. What should be the current -carrying capacity of a choke coil 
which is to be used in filtering the power leads to a 220 volt, one 
horsepower motor? 
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INITIATIVE 
The man who does only the routine tasks, the 

ordinary jobs in his profession, always waiting for 
the other fellow to take the lead, can expect only 
moderate returns for his labors. He who is con- 
tinually on the alert for new ideas and new uses for 
his talents-who is alert to grasp each new oppor- 
tunity-gets the greatest profits. The immediate 
financial returns from work in a new and specialized 
branch of your profession may not be great, but 
the reputation which you gain for progressiveness 
will soon result in more profitable routine jobs. It 
all boils down to these simple facts-you must do 
out -of -the -ordinary things, stand above the crowd in 
some way, to attract favorable attention. People re- 
member you first for the unusual, then for your 
ability to do ordinary work well. 
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STUDY SCHEDULE No. 47 

For each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mind. Study each other step in this same way. 

D 1. Replacement Parts Pages 1-2 

The kinds of parts, what to stock, and where to buy parts are covered here. 

[272. Power Transformers Pages 2-9 

Practical information on how to determine whether a transformer is just 
overloaded or has been damaged. The requirements for replacing and a dis- 
cussion of how to replace power transformers conclude this section. 

D 3. Iron -Core Chokes and Audio Transformers Pages 10-14 

It is a problem to get a replacement if a duplicate is not available. However, 
once you know the characteristics which must be considered, it is possible to 
choose a satisfactory replacement. 

D 4. R.F. and I.F. Transformers Pages 14-18 

These coils may be replaced by exact duplicates or you can have duplicates 
wound for you by firms specializing in this service. Also, replacement 
primaries can be used in some cases. 

5. Replacing Condensers Pages 19-21 

Next to tubes, condensers require the most frequent replacement. However, a 
relatively small stock will serve for most cases, as is pointed out here. 

6. Replacing Resistors Pages 21-24 
This section gives information on replacing both fixed and variable resistors. 
Practical hints are given on how to make a small stock do for most jobs. 

7. Replacing Loudspeakers Pages 25-28 
Speakers may be repaired by replacing the cone or field coil, or the entire 
speaker may be replaced. The best practice to follow depends on the condition 
of the original, the ease of replacement, and the availability of replacements. 
There are firms specializing in speaker repairs-many servicemen use these 
services. 

D 8. Answer Lesson Questions and Mail Your Answers to N.R.I. 

D 9. Start studying the Next Lesson. 
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NOW TO CHOOSE AND INSTALL REPLACEMENT PARTS 

Replacement Parts 
WHILE the final steps in making a 

repair - removing the defective 
part and obtaining and installing a 
replacement-are purely mechanical, 
it is possible to waste a great deal of 
time in taking these steps unless you 
know what to buy, where to buy it, and 
how to install it. We will give you this 
important information in this lesson, 
along with a number of hints on test- 
ing parts. Let's start by learning some- 
thing about the kinds of radio parts 
which are usually available. 

KINDS OF REPLACEMENT PARTS 

Replacement parts fall into three 
groups: exact duplicate replacements; 
universal replacements; and general 
replacement parts. 

Exact Duplicate Parts. These parts 
are exact duplicates of the originals, 
both physically and electrically. 

Universal Parts. There are a num- 
ber of universal radio parts so designed 
that, with minor physical or electrical 
alterations, they can be used as re- 
placements for a wide variety of radio 
parts. For example, volume controls 
come with extra -long shafts. Once you 
have chosen a control of the proper 
electrical characteristics, you can make 
it fit the receiver by cutting off the 
shaft to the required length. Thus, the 
same control can be used in any re- 
ceiver which its electrical characteris- 
tics will fit. 

As another example, output trans- 
formers come with tapped secondaries; 
by choosing the proper taps, you can 
match practically any loudspeaker to 
almost any output tube (or tubes) . 

General Replacement Parts. Final- 

ly, we have parts, such as tubes, re- 
sistors, and condensers, which can be 
used in any receiver as long as the 
proper electrical characteristics are 
chosen and as long as there is suffi- 
cient room for the parts. 

We include, among these, parts not 
designed for the particular radio, but 
which can be used by making some 
slight change in the original circuit to 
"fit" the new part characteristics. 
Changes of this kind are rare, as the 
widespread distribution of exact dupli- 
cate and universal replacement parts 
generally makes it possible to make a 
direct replacement. 

STOCKING RADIO PARTS 

You can start a radio service busi- 
ness with a surprisingly small stock 
of parts. However, you will want to 
build up your stock gradually, both so 
you can cut down the number of trips 
or orders to the parts suppliers and so 
you can render the fastest possible 
radio service. 

When you start in business, you will 
need a kit of resistors, a small number 
of electrolytic, paper, and mica con- 
densers, a stock of tubes, an assortment 
of pilot lights, and a certain amount of 
hook-up wire and hardware. With this 
small stock as a beginning, you can in- 
crease gradually the amount and va- 
riety of these parts. Also, you can add 
items like universal output transform- 
ers, a volume control kit, i.f. trans- 
formers, tube sockets, dial cords and 
belts, and an assortment of knobs. 

Some servicemen make the mistake 
of acquiring too large a stock. It is not 
wise to invest much money in slow - 
moving parts. Increase the quantity 
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and variety of your stock only as your 
service experience indicates the need 
for such expansion. At the beginning, 
ask your local distributor to help you 
choose parts which, according to his 
sales records, move rapidly in your 
area. This is particularly important in 
the case of tubes. There are about a 
thousand different types of radio tubes, 
yet perhaps in your district only 
seventy-five to one hundred types are 
widely used. 

WHERE TO BUY RADIO PARTS 

There are many sources of supply 
available to the serviceman. Perhaps 
the best known are the large mail-order 
radio parts suppliers, who carry very 
complete stocks of parts and who can 
usually obtain any special parts you 
may need. In large cities there are also 
radio parts supply houses and distribu- 
tors who carry a wide selection of radio 
parts. 

In addition, there are distributors 
scattered throughout the country who 
handle various popular makes of radio 
receivers. Exact duplicate parts for 
these receivers can be obtained through 
these distributors. Where there are no 
distributors, parts can sometimes be 
obtained directly from the factory. 
Also, many parts manufacturers (con- 
denser and resistor manufacturers, 
etc.) deal directly with servicemen, al- 
though in recent years, mail-order and 
local parts supply houses have acted 

as distributors for these lines. 
Collecting Service Data. All ser- 

vicemen collect wholesale parts cata- 
logs, both to locate sources of supply 
and to obtain information on the elec- 
trical and physical characteristics of 
different parts. Be sure to collect all 
the volume control guide booklets, vi- 
brator replacement guides, transform- 
er replacement guides, tube charts, and 
other service data which are available 
from your local distributors or supply 
house. Many of these are free, while 
others are sold for just a few cents. 

While we are on the subject of col- 
lecting information-try to get all pos- 
sible information on radio receivers 
themselves. You will find that your 
parts distributor will help you obtain 
service manuals. 

Many set manufacturers publish 
their own manuals, which are kept up 
to date by supplements or come out in 

yearly editions. You may find it de- 
sirable to get those covering any par- 
ticular brands of receivers which pre- 
dominate in your locality. 

Let us turn now to certain specific 
radio parts and learn more about the 
problems of obtaining the proper re- 
placement and installing it quickly. 
We shall deal chiefly with transform- 
ers, condensers, resistors, and loud- 
speakers, as other parts-line cord re- 
sistors, tubes, batteries, etc.-are re- 
placed most generally by exact dupli- 
cates. 

Power Transformers 
There are two ways in which a trans- 

former can fail: 1, a winding may 
open; or 2, a short circuit may develop. 

The first is rare, as electrolysis sel- 
dom occurs in a sealed transformer, 
and an open is seldom caused by an 
overload. If an open occurs, the fact is 

obvious, since one of the secondaries 
will not deliver voltage. A continuity 
check with an ohmmeter will lead you 
to the defective winding. 

Watch particularly for an open cen- 
ter tap. You may still have continuity 
across the entire winding, so make a 
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check to the center tap from each end 
of the winding. 

A short circuit is the usual trans- 
former defect, and it is invariably 
caused by excessive heat. If too much 
current is drawn from a transformer 
winding-that is, if the transformer is 
overloaded-so much heat will be pro- 
duced in it that the paper insulation 
between the layers of wire in the wind- 
ing will char (carbonize) . Since carbon 
is a fairly good conductor, the winding, 
or part of it, will be short-circuited. 
Once an internal short has developed, 
the transformer must be rebuilt or dis- 
carded. Under normal conditions, it is 
not economical to rebuild, so a replace- 
ment would be installed. 

CHECKING FOR AN OVERLOAD 

Your nose will first discover a short 
circuit or an overload. The pungent 
odor of burning enamel and paper in- 
sulation is unmistakable. Smoke may 
come from the transformer, and per- 
haps some tar or wax sealing com- 
pound will boil out of it. 

These symptoms indicate that the 
transformer is overheated, but not 
necessarily that it is damaged. Simple 
tests will show where the trouble lies. 

When you find an overheated or 
smoking transformer, turn off the set 
and remove all the tubes, including the 
rectifier. Now turn the set back on and 
wait to see if the transformer cools off. 

If the transformer does cool and stop 
smoking, it has been overloaded but 
is probably not seriously damaged. The 
overload was probably caused by a B 
supply defect, the effects of which were 
stopped by removing the rectifier tube. 
Repairing the defect will usually re- 
store normal operation. 

On the other hand, if the trans- 
former continues to overheat with the 
tubes out, it is being overloaded by 
shorted secondary leads or by a fila- 
ment circuit short, or else it has been 

damaged by: 1, a B supply defect; 2, 
operation on the wrong power line fre- 
quency; or 3, by an internal trans- 
former defect. 

If you live in a district with 25 - 
cycle power, check the receiver label 
to see if the transformer is meant for 
60 -cycle operation. Such a transformer 
will draw too much primary current 
from a 25 -cycle line, and eventually 
will be ruined. The only cure is to re- 
place it with a transformer designed tc 
operate on 25 -cycle power. 

Shorted Leads. Next, remove the 
chassis from the cabinet. Then, with 
the tubes out, turn the set on and ex- 
amine the bottom of the chassis for 
signs of arcing between the transform- 
er secondary leads. Push the wires 
around with an insulated probe or 
stick. If you see or hear an arc, the in- 
sulation probably has become frayed 
on the wires. Tape or replace the leads 
in order to cure this. 

Also, examine the rectifier tube 
socket. An arc may have occurred be- 
tween a plate terminal and the chassis, 
between the two plate socket terminals, 
or from one of the rectifier filament 
socket terminals to the chassis. Often 
the arc can be seen or its charred path 
can be observed on the bottom of the 
socket. 

If the rectifier has a wafer socket, 
the arc path may be between the two 
wafers of the socket and so may be in- 
visible. If the transformer continues to 
overheat, disconnect the leads going to 
the rectifier socket to see whether this 
removes the overload. 

Replace any socket which shows 
evidence of arcing, as the carbonized 
path is sure to give further trouble. 

If there are no apparent shorts but 
the transformer continues to overheat, 
it is probably damaged. 

A Transformer Short Checker. If 
you have taken the set to your shop, 
you can test the transformer with the 
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simple checker shown in Fig. 1. This 
device consists of a 60 -watt lamp bulb 
in a socket wired in series with a power 
cord and an outlet. To use it, remove 
the tubes and pilot lamps from the 
radio and plug the set into the outlet. 
The lamp then will be in series with 
the primary of the power transformer 
and will indicate the amount of pri- 
mary current. 

Under these conditions, if the set is 
normal there will be so little drain on 
the power transformer that the lamp 
will barely glow-if it lights at all. If 
the lamp burns brightly, however, there 
is a short circuit between the high -volt- 
age wires or in the rectifier socket, or 
else the transformer itself is defective. 
Examine the high -voltage wiring for 
shorts, then disconnect the leads go- 
ing to the rectifier tube socket to see if 
the lamp glow decreases. If it does, the 
socket is defective. If not, the trans- 
former itself is defective. 

Circuit Defects. Whether you have 
an overheated transformer or a dam- 
aged one, be sure to clear up any over- 
load conditions existing in the radio. 
Otherwise, the transformer (or its re- 
placement) is certain to be damaged. 

Short circuits in the filament cir- 
cuits are rare, as the low voltage is not 
likely to cause insulation breakdowns 
and there are usually no condensers in 
these circuits. One possibility of a 
short circuit is a grounded pilot light 
socket in a receiver which has a 
grounded center tap on the filament 
winding. This shorts half the filament 
winding. (However, many modern re- 
ceivers use the chassis as one side of 
the filament circuit, so the pilot light 
is deliberately grounded to complete 
the circuit. Don't confuse this inten- 
tional ground with a short circuit.) 

On the other hand, the high voltages 
in the B supply cause frequent break- 
downs, particularly of by-pass and fil- 
ter condensers. 

To check the B supply circuit, first 
test all the tubes, looking especially 
for shorted elements in the rectifier and 
power tubes. Then, with the set turned 
off, check the resistance from the 
cathode terminal of the rectifier socket 
to the chassis with an ohmmeter. Be 
sure to observe polarity. The positive 
ohmmeter terminals must go to the 
B+ side of the circuit. (When in doubt, 
reverse the leads after taking a read- 
ing. Then, the polarity permitting the 
higher resistance reading is the cor- 
rect one.) 

The receiver diagram will show what 
the resistance should be. Usually, the 
resistance between B+ and B- should 
be only the leakage of the electrolytic 
filter condensers (over 100,000 ohms). 

TO POWER 
LINE 

60 WATT BULB 

TO RADIO 

FIG. I. A simple lamp device, used to check for 
shorted power transformer windings. 

(Some receivers have bleeder resistors 
which reduce the reading to some value 
between 5,000 and 25,000 ohms.) If the 
reading is less than that which is ex- 
pected, look for a short. Such a short 
could overload the transformer and 
also could be the cause of a shorted 
rectifier tube. The electrolytic filter 
condensers, the most likely sources of 
trouble, should be checked first. 

CHOOSING THE REPLACEMENT 

When you have determined definite- 
ly that the transformer is defective and 
.have cleared up any overload condi- 
tions, the next step is to make the re- 
placement-preferably with an exact 
duplicate transformer. Such a trans- 
former may be obtained from the dis- 
tributor of the receiver, from the manu- 
facturer, from a wholesale mail-order 
house, or from one of the large trans - 
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former manufacturers who specialize 
in exact duplicate replacements. When 
you order, give the following informa- 
tion: 

1. The make of the receiver. 
2. The model number of the receiver. 
3. A complete list of the tubes used 

in the receiver. 
If your customer does not wish to 

wait while you send for an exact dupli- 
cate, or if none is available, you must 
choose a universal or general-purpose 
replacement transformer which has 
physical and electrical characteristics 
similar to the original. 

ELECTRICAL REQUIREMENTS 

To choose a suitable universal re- 
placement transformer, you need to 
know the ratings of the windings on the 
old transformer. You can usually learn 
this from the service information on 
the receiver, from your parts distribu- 
tor, or from catalogs of transformer 
manufacturers. They list receivers by 
make and model number and recom- 
mend as replacements specific trans- 
formers of their line. (If you cannot 
obtain the recommended transformer, 
its characteristics, given in the manu- 
facturer's listing, at least will give you 
the information you want.) 

Check these points to see that the 
proper transformer is obtained: 

1. Primary. The transformer must 
be designed for the power line voltage 
and frequency. The frequency rating 
is usually given in the data on the 
primary winding. 

The original transformer may have 
had taps on the primary to adjust it 
for a power line voltage range of, say, 
100 to 125 volts. Most universal re- 
placements will not have these taps; if 
not, wire the replacement primary di- 
rectly to the power line terminals. 

2. Wattage Rating. If the proper 
voltages and currents are delivered, 
you need not worry about the wattage 

of a transformer. Just ascertain that 
each winding is properly rated for the 
load it must carry. 

3. Filament Windings. There will 
be from one to four filament windings, 
each with a voltage and current rating. 
The voltage rating depends on the 
types of tubes to be connected to the 
winding, and the current rating de- 
pends on the total current drawn by 
them. 

Both the voltage and current demand 
for a winding can be found by deter- 
mining which tubes are connected to it, 
whether they are in series or parallel, 
and (from a chart) what the require- 
ments are for each tube. When tube 
filaments are in parallel, the filament 
winding must supply the voltage re- 
quired for any one of the parallel tubes, 
while the current will be the sum of all 
of the current ratings of that group of 
tubes. When tube filaments are in se- 
ries, the voltage required is the sum of 
all the voltage ratings (plus any series 
resistance drops), while the current 
rating will be that of a single tube in 
the group. 

Of course, the current rating of the 
winding can be any amount equal to 
or above the current drawn by the 
tubes-this rating just gives the maxi- 
mum current the winding can deliver 
without overheating. 

Most universal replacement trans- 
formers come with center taps on some 
of the filament windings. If the orig- 
inal transformer has no corresponding 
center tap, just cut this tap off or wrap 
the end with tape. 

Some very old receivers used a cen- 
ter tap on the rectifier tube filament 
winding as the B+ connection. Gen- 
erally, replacement transformers will 
not have such a center tap, but you can 
make the B+ connection to either side 
of the rectifier tube filament circuit. 

It is perfectly all right to use a trans- 
former having extra filament windings. 
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Just tape the extra leads or ignore the 
terminals on the transformer. 

4. The High -Voltage Secondary. 
The high -voltage secondary must fur- 
nish sufficient voltage to give the prop- 
er B and C voltages, and must have a 
current rating equal to or greater than 
the amount drawn by the tubes and 
any bleeders. 

You'll have to be careful in figuring 
the proper voltage rating for this wind- 
ing. If the voltage is too high, it may 
damage the filter and by-pass condens- 
ers and introduce excessive regenera- 
tion, while a voltage below normal may 
lower the sensitivity and output of the 
receiver. 

Many universal replacement trans- 
formers are designed for average re- 
ceiver conditions, and you need know 
only the number and types of tubes to 
get approximately the right trans- 
former. For example, you can buy a 
transformer designed for a 5- or 6 -tube 
receiver and the rating of the high - 
voltage secondary usually will be close 
to the requirements for the receiver. 

It is better, though, to compute the 
rating from the normal operating volt- 
ages for the tubes used. Radios differ 
somewhat in their actual applied volt- 
ages, but a tube chart will show you 
the probable voltages used. Any set 
with 71A, 6G6, or 6A4 output tubes will 
need plate voltages of about 180 volts. 
If the output tubes are 42, 6F6, 6V6, 
or 6L6, the voltage may be 250 volts, 
but can be higher (depending upon 
whether the output is class A, AB, or 
B). Certain special class B tubes take 
voltages up to 400 volts. Most other 
common power tubes take 250 volts as 
the plate supply. 

When the output tubes are triodes, 
the C bias voltage will be 40 or 50 volts 
and should be added to the plate volt- 
age supply. You can ignore the bias re- 
quirements for pentode and beam 
power tubes. 

If the speaker field is used as a choke 
in the B supply circuit, allow about 
100 volts as the drop across it. Add- 
ing this value to the plate voltage re- 
quirement gives the d.c. voltage needed 
at the filter input, which is approxi- 
mately equal to the a.c. peak voltage 
when a condenser input filter is used. 
Since transformers are rated in r.m.s. 
values, multiply this filter input volt- 
age by .7 to get the approximate r.m.s. 
rating necessary to give this peak 
value. Then, add about 50 volts to this 
r.m.s. value to approximate the recti- 
fier and transformer secondary drops. 
The total will be the r.m.s. rating for 
one-half the high -voltage winding. 

For example, if we need 250 volts for 
the plate supply and 100 volts for the 
field, we need 350 volts d.c. The r.m.s. 
voltage needed is 350 X .7, or about 
245 volts. Adding 50 volts to this gives 
a rating of about 300 volts for one-half 
the high -voltage winding, or 600 volts 
for the entire winding. This is a com- 
mon rating for average size receivers. 

The current requirement for the 
high -voltage winding can be found by 
adding the plate and screen grid cur- 
rents of all the tubes except the recti- 
fier. If a bleeder resistor is used, add 
about 20 milliamperes to this value. 
The total will be near the proper rating 
for the high -voltage winding. To be 
safe, you can choose a transformer 
with a current rating higher than this 
value if one is available. 

MECHANICAL REQUIREMENTS 

Several typical transformer mount- 
ings are shown in Fig. PL. The type 
shown at A is mounted above the 
chassis, with the leads going down 
through chassis holes. The important 
dimensions are the height (if the cabi- 
net is small) and the mounting cen- 
ters. (By mounting centers we mean 
the distance between the centers of the 
holes through which pass the bolts 
holding the transformer case to the 
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chassis.) This measurement may be 
made with a pair of calipers by spread- 
ing them until their points reach to the 
centers of each pair of holes, then 
checking the spread on a ruler. 

The types shown in B and D mount 
through a large hole so part is above 
and part below the chassis. The di- 
mensions of the cut-out area on the 
chassis are important, as well as the 
mounting centers. When the replace- 
ment listing does not give the "win- 
dow" size needed, check the mounting 
centers and core sizes. If they are simi- 

ar, then the winding dimensions will 
probably be similar. 

Figs. 2A and 2C are two views of 
an above -chassis type with universal 
mounting brackets. These can be put 
on any of the transformer bolts in such 
a way that many mounting center dis- 
tances can be accommodated. 

TRANSFORMER INSTALLATION 

Don't remove the defective trans- 
former until you've obtained the re- 
placement. This will make it much 
easier to identify the connection. 

When you are ready to take out the 
defective unit, make a sketch of the 

leads, showing their colors and their 
connections. Then, to be sure you get 
the new leads on the right places, cut 
the old transformer leads near the 
transformer, leaving the other ends of 
the leads still connected in the radio. 
If the transformer is a lug type like 
that in Fig. 2D, unsolder the leads at 
the lugs. Some servicemen fasten 
marked slips of paper to the leads to 
identify them. 

If you have an exact duplicate 
transformer, the replacement will be 
easy. Just unfasten the original trans - 

Courtesy Taordarson 
Clec. Mfa. Co. 

FIG. 2. Typical replacement power 
transformers. The style shown ai 
A, B, and C is a universal type; 
it may be mounted in many posi 
+ions by moving the mounting feed 
to the proper corners. The style 
at D represents a "half -shell" trans- 
former, which is mounted so that 
the lugs pass through a large 

chassis cut-out. 

former, put the new one in place, and 
make the proper connections. If the 
new transformer has leads, they will 
be colored the same as those of the 
original, and you can easily find the 
proper connections from the leads you 
left in the radio. Remove identifying 
pieces of wire as you solder the new 
leads in place. 

If the replacement has lugs, the lug 
positions will be the same as those of 
the original, and your sketch showing 
the colors of the wires connected to 
each lug will aid in your making the 
proper connections. 

Universal Replacements. If the re - 
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BLACK 

BLACK W 
YELLOW 

BLACK W RED 

BLACK 

BLACK 

GREEN & YELLOW 

BROWN W YELLOW 

GREEN 

GREEN 
BROWN 

BROWN 
SLATE 

SLATE 

FIG. 3. The RMA standard color code for power 
transformer leads. Not all transformers have 
their leads colored according to this code, so 

watch for those having different arrangements. 

placement is not an exact duplicate, 
mounting and connecting it may be 
more of a problem. 

First, cut off the leads near the de- 
fective transformer and make an iden- 
tification sketch of the connections, 
then remove the defective transformer 
and set the new one in its place. If the 
new transformer has universal mount- 
ing brackets, see if you can place it so 

the brackets fit over the original 
mounting holes. If not, you will have 
to drill new holes. 

A universal transformer may be en- 
tirely different from the original in the 
color code of its leads or in its termi- 
nal arrangement. There should be a 
slip packed with the transformer which 

will identify its terminals, and your 
sketch of the original transformer con- 
nections will show the proper connect- 
ing points. Any extra terminals can be 
ignored. Extra leads, such as unused 
center tap connections or extra fila- 
ment windings, can be insulated with 
tape and tucked out of the way. 

IDENTIFYING LEADS 

If you have no lead identification 
slip for your transformer, you may be 
able to identify the leads from the 
standard R.M.A. color code for power 
transformers shown in Fig. 3-espe- 
cially if it is a universal type made 
within recent years. However, there 
are many variations in the color codes 
used, particularly in transformers used 
in earlier receivers. 

If the color code is not helpful, you 
can identify the windings of an un- 
marked transformer with an ohmmeter 
and a simple lamp testing device. 

First, use the ohmmeter to discover 
which leads show continuity to each 

60 WATT BULB 

TO 
POWER LINE LEADS 

FIG. 4. A simple continuity tester. 

other; these leads go to the same wind- 
ing. Next, put a 60 -watt light bulb in 
series with a power cord and test leads, 
as shown in Fig. 4. Separate the trans- 
former leads so that their ends do not 
touch, then touch the test leads to each 
pair of wires which show continuity. 
When you put the test leads across fila- 
ment windings, you will have a full, 
bright light; across the high -voltage 
winding, no light; and across the pri- 
mary, a faint glow. 
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Once you have identified the pri- 
mary, connect it to the 110 -volt a.c. 
line and measure the voltages devel- 
oped by the secondaries. This will 
identify each winding. Since you know 
from the lamp test which is the high - 
voltage winding, you need not measure 
its voltage unless you want to know 
what it is. 

Remember that the voltages pro- 
duced by a transformer with no load 

BLACK 
NBROWN 

BLACK 
AND 

BROWN 

RED AND 'YELLOW 

a7án J.B...LACK 

YELLOW 

BROWN AND 
WHITE TR. 

R29 

FIG. 5. A typical example of a transformer which 
is not color -coded according to the RMA code. 
Notice the special filament winding. Only an 
exact duplicate transformer can be used to re- 

place this one. 

connected to it may be somewhat 
higher than the rated voltages. Thus, 
a 6.3 -volt filament winding may pro- 
duce 7 to 7.5 volts with no load, while 
a 5 -volt filament winding may produce 
5.5 to 6 volts. 

When the resistance values are 
given on a diagram, as in Fig. 5, you 
can identify the windings with an 
ohmmeter. Notice that the transformer 
shown in Fig. 5 has a tapped filament 
winding. (A check of the circuit dia- 
gram of the receiver in which it was 
used shows that the tube filaments op- 
erate from the 6.3 volts produced by 
the .074 -ohm winding, while a special 
tuning circuit indicator uses the total 
voltage produced by this secondary.) 

Also notice that the color code is not 
the standard R.M.A. code. 

Another example is given in Fig. 6. 
Here, two of the filament windings 
have about the same resistance, so the 
ohmmeter reading only identifies them 
as filament windings. If you did not 
have a wiring diagram to show the con- 
nections or voltages, you would have 
to measure the voltages to identify 
these windings. 

AUTO -SET TRANSFORMERS 

As the transformer, vibrator, and 
buffer condenser of an auto radio are 
usually designed to "work together," 
and since the transformer is usually 
in a shielded compartment of limited 
size, it is best to use an exact dupli- 
cate replacement. However, universal 
types are available. The auto -set trans- 
former has only one secondary, and its 
voltage and current ratings are the 

FIG. 6. Filament windings have such low resist- 
ances that an ohmmeter is not reliable as a means 
of distinguishing between these windings. Volt- 
age measurements should be made to complete 

the identification. 

only ones to consider. Follow the same 
rules as for the high -voltage winding 
of a power line transformer. Remember 
that the plate voltages range from 180 
to 250 volts, and that the speaker field 
is never used as a choke. 
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Iron -Core Chokes and Audio TransFormers 

FILTER CHOKES 

A properly moisture -proofed filter 
choke will rarely open or otherwise be- 
come defective unless subjected to a 
severe overload, such as one caused by 
shorted or leaky filter or by-pass con- 
densers. 

If possible, order an exact duplicate 
for ease in mounting. Simply ask for 
a filter choke for the make and model 
number of the receiver on which you 
are working. If you cannot get an exact 
duplicate, order one with about the 
saine physical dimensions and mount- 
ing centers. If the original choke was 
shielded the replacement should also 
be shielded. 

The resistance of a power supply fil- 
ter choke is not important unless it is 
in the negative side of the circuit and 
the voltage drop across it is used for 

FIG. 7. A high -inductance choke, used as a 

plate load. 

biasing. In this latter case, the resist- 
ance of the replacement should be ap- 
proximately the same as that of the 
original part (which you may find on 
the wiring diagram) . 

Since high -capacity electrolytic con- 
densers are now used universally in fil- 
ter systems, an inductance of 10 henrys 
(or more) is satisfactory. Remember, 
however, that the choke inductance is 
figured for a particular d.c. current, 
and will be lowered if the current rat- 

ing is exceeded. Thus, if a 60 -ma., 10 - 

henry choke is used in a 100 -ma. cir- 
cuit, the inductance may drop to 2 or 
3 henrys, and the choke may overheat. 
You must use a replacement with a cur- 
rent rating equal to or somewhat higher 
than the actual current flow in the cir- 
cuit to obtain a proper inductance 
value. 

You can compute the current rough- 
ly by adding the normal cathode cur- 
rents of all tubes (get these from a tube 
chart) with the exception of the recti- 
fier. Add on 20 ma. if a bleeder system 
is used. Receivers using a power trans- 
former and about six tubes will require 
a 60- or 70 -ma. choke. Larger receivers 
will need a choke rated at 100 ma. or 
more. 

In general, satisfactory chokes for 
a.c.-d.c. sets are obtained just by ask- 
ing for a choke to use in an a.c.-d.c. set. 

AUDIO CHOKES 

High -inductance chokes are some- 
times found in impedance -coupled a.f. 
amplifiers and in stages where a cou- 
pling transformer or load device is iso- 
lated as in Fig. 7. These chokes must 
have high inductance to pass on low 
audio frequencies and, like other 
chokes, the amount of inductance will 
depend on the d.c. current flow. 

If an exact duplicate is not available, 
use a choke intended to operate in the 
plate circuit of the particular tube used 
in the stage, or choose one which has 
a current rating above the normal d.c. 
value of that tube. 

The higher the inductance of your 
choke, the better the low -frequency 
response will be. However, remember 
that a high inductance means many 
turns, and the distributed capacity may 
reduce high -frequency response. 

If the original choke was shielded, 
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the replacement should be also (to 
minimize hum pick-up) . 

INTERSTAGE AUDIO 
TRANSFORMER REPLACEMENTS 

An interstage a.f. transformer is one 
which is used to couple two audio 
stages together. The windings may 
open, short, or become noisy. In such 
cases it is best to use an exact dupli- 
cate, for then the response of the re- 
ceiver will be unchanged and mount- 
ing difficulties will be eliminated. When 
ordering, state the make and model 
number of the receiver and the position 
of the transformer in the circuit (first 
a.f. or second a.f. transformer). 

If a duplicate is not available, use 
an a.f. transformer with a step-up 

PLATE 

PLATE 

BLUE 

RED 

BLUE 
OR 

BROWN 

GREEN 

YELLOW 

GRID (OR 
HIGH SIDE OF 
MOVING COIL) 

R.TURN (OR 
LOW SIDE OF 
MOVING COIL) 

GRID 

FIG. 8. The RMA color code for audio trans- 
former leads. The shaded upper haflf is the code 

for an interstage transformer. 

turns ratio of 3:1. The receiver tone 
quality and hum level may be affected 
by the change in transformer charac- 
teristics, but may even be improved if 
you use a good quality replacement. 
As a practical hint-don't deliberately 
try to change the tone quality unless 
the receiver owner indicates a desire 
for a change. He may like the tone 
quality and be dissatisfied with any 
change, no matter how much better it 
may sound to you. 

To replace the defective transform- 
er, first cut its leads close to the case 
(leaving the other ends of the leads 
connected in the chassis for identifi- 
cation) , then remove it. The trans- 

former may be held to the chassis by 
screws, bolts, or rivets, or by turned - 
over ears which project through holes 
in the chassis. Cut off rivet heads with 
side -cutting pliers, or drill out the 
rivets. Straighten turned -over ears 
with a heavy screwdriver. 

Next, solder the leads from the new 
transformer into their proper places, 
removing each old lead when it has 
served its purpose as an identifier. The 
standard color code for a.f. transform- 
ers is shown in Fig. 8. Be sure that you 
follow any instructions accompanying 
the replacement. 

Turn on the set and listen for ex- 
cessive hum. Should the hum be ab- 
normally high, see if you can rotate the 
new transformer to a position where 
the hum disappears or is at a minimum. 
If you find such a position, bolt the 
transformer to the chassis there-if 
not, bolt it in the most convenient lo- 
cation. 

Bear in mind that hum might be 
caused by other defects-isolate the 
hum to the new transformer, as de- 
scribed elsewhere in the Course, be- 
fore you consider special mounting 
angles or positions. 

Emergency Repairs. If a replace- 
ment is not readily available for an 
a.f. transformer with an open wind- 
ing, you can make a temporary repair 
by changing to impedance coupling. 
Shunt the open winding with a resistor 
and connect a coupling condenser be- 
tween the plate and grid leads of the 
transformer. Fig. 9 shows this arrange- 
ment for a transformer with an open 
primary. The resistor used across an 
open primary should have a value of 
from 50,000 ohms to 100,000 ohms, 
while a 250,000- to 500,000 -ohm re- 
sistor can be used to shunt an open 
secondary. A condenser of from .01 to 
.05 mfd., rated at 600 volts, will be a 
satisfactory coupling condenser. 

This is usually a temporary repair, 
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to be used only while you are waiting 
for a replacement transformer. It will 
change the tone quality, and it may 
decrease the volume so much that the 
set will be unsatisfactory. Be careful 
to cut the leads going to the defective 
section (a and b for the primary, or c 

and d for the secondary in Fig. 9) to 
prevent it from "coming alive" and 
causing noise. 

If the transformer is noisy, cut both 
the primary and secondary out of the 
circuit and use resistors in place of both 
windings. This, with the coupling con- 
denser, gives ordinary resistance -ca- 
pacitance coupling. 

REPLACING INPUT 
PUSH-PULL TRANSFORMERS 

Input push-pull transformers have 
the same troubles as interstage types 
-shorts, opens, and noise. If an exact 
duplicate is not available, you must 
first determine the class of operation 
of the output stage. Sometimes, look- 
ing up the output tubes in a tube chart 
will tell you this. Several tubes-type 
46's, for example-are used only in 
class B amplifiers. 

If the output tubes are triodes and 
are not class B types, you are usually 
safe in assuming that the stage is a 
class A amplifier. However, if the out- 
put tubes are pentodes or beam -power 
tubes, such as types 42, 6F6, 6V6, or 
6L6, they may be operated as class A, 
class AB, or class B. 

You can sometimes tell the type of 
operation from the operating voltages. 
Sometimes, also, class B stages are 
driven by a power tube. For example, 
a pair of 42 tubes operated from a 
single 42 tube acting as the driver 
would probably mean class B opera- 
tion. 

If the secondary winding is not open, 
you can tell the transformer class by 
checking the secondary resistance. A 
class B input transformer will have 

FIG. 9. How to change to resistance -capacitance 
coupling when there is an open transformer wind- 

ing. 

very low secondary resistance, usually 
between 100 and 300 ohms. On the 
other hand, a class A input transformer 
may have a secondary resistance of 
from 1500 to 3000 ohms. 

Any high-grade input push-pull 
transformer which fits the space avail- 
able will make a satisfactory replace- 
ment in a class A output stage. These 
transformers usually have ratings of 
3 to 1. 

On the other hand, a duplicate input 
transformer is necessary for a class 
AB or B stage. These transformers are 
designed to work from a particular 
driver tube into the grid circuit of par- 
ticular class AB or B stages. 

Hum pickup caused by the trans- 
former's being too near the power 
transformer, speaker field, or filter 
choke may make it necessary occa- 
sionally to change the position of the 
replacement. 

Temporary repairs can be made if 
the primary of an input push-pull 
transformer opens. Simply shunt the 
open primary with a .5 -watt resistor 
of between 50,000 and 100,000 ohms, 
and connect a .01- to .05-mfd., 600 - 
volt condenser from the plate lead of 
the transformer to either (not to each) 
of the grid leads. The secondary will 
then act as an auto -transformer and 
will deliver equal signal voltages, 180° 
out of phase, to each push-pull grid. 

Phase Inverters. If your customer 
is interested in improved tone quality 

12 



(at additional expense) and the output 
stage is class A, you may suggest using 
a phase inverter stage in place of the 
original input push-pull transformer. 

The before -and -after circuits for 
making this conversion are shown in 
Figs. 10A and 10B. Since the phase in- 
verter is self -balancing, no adjustments 
should be necessary. The phase in- 
verter tube (a dual triode in a single 
envelope) must operate at the same 
filament potential as the original tube 
VT,. 

OUTPUT TRANSFORMERS 

The primaries of output transform- 
ers frequently burn out. While an ex- 
act duplicate replacement is prefer- 
able, universal output transformers 
will give very good results in ordinary 
class A output stages. These trans- 
formers are equipped with tapped pri- 
maries and secondaries, which make it 
possible to match either single or push- 
pull output tubes to any of the com- 
mon voice coil impedances. 

While complete instructions are 
packed with each transformer, the gen- 
eral procedure is to connect the pri- 
mary first. For push-pull operation, 
the two outside leads go to the plates 
and the center tap to B+. For a single 
output tube, follow the instructions. In 
some cases, the center tap is not used, 
and one of the outside primary leads 
goes to B+ and the other to the plate 
of the tube. In other cases, half of the 
primary is used. 

Then, solder the correct secondary 
leads to the points from which the 
original secondary leads were removed. 
If you know the voice coil impedance, 
the instructions will tell you which two 
of the secondary leads can be used. If 
you don't, you can calculate the voice 
coil impedance roughly by measuring 
its d.c. resistance with a low -range 
ohmmeter. The impedance will be 
about 1.5 times the d.c. resistance. 
Modern speakers usually have voice 

loo 
250 h1 . 

.5 WATT 

AFF-R 

WATT 
.015120 

(600 V 

FIG. 10. Substituting phase inversion for an in- 
put push-pull transformer. 

coil impedances of 6 to 8 ohms, but 
others range from 2 to 15 ohms. 

A slight mismatch is unimportant. 
However, a large mismatch will de- 
crease the volume to some extent and 
will cause a noticeable change in re- 
sponse( the high notes will be either 
too weak or too strong) . If the repro- 
duction does not sound normal (with 
the receiver in its cabinet), try differ- 
ent taps, listening for best response. 

If the set has pentode or beam -power 
output tubes, don't disconnect the sec- 
ondary leads while the set is turned on. 
Removing the load this way can dam- 
age the output tube. 

Of course, turning off the set each 
time you try another secondary tap 
makes it hard to compare results, since 
by the time you've connected a tap, 
you'll probably have forgotten how the 
set sounded when the previous tap was 
used. To avoid this difficulty, some 
servicemen use a test output trans- 
former and "shorting" switch combina- 
tions like that shown in Fig. 11. This 
switch will not break contact with one 
point before making contact with an- 
other, so there will always be a load on 
the transformer. Clips are used to con- 
nect to the output tubes and to the 
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FIG. II. An arrangement for determining the 
proper impedance -matching taps on a universal 

transformer. 

voice coil. The lead A also has a clip, 
and is fastened to one of the trans- 
former terminals. The switch then can 
be rotated to various taps and re- 
sponses can be compared rapidly. If 
optimum results are not obtained, lead 
"A" can be clipped to another termi- 
nal and a new combination tried. Thus, 
starting on 1, we can compare the out- 
puts using terminals 1-2, 1-3, 1-4, 1-5, 
etc. Then, with A on .2, we can compare 
the outputs of 2-3, 2-4, 2-5, etc. (The 
set should be turned off while A is being 
moved, and the switch should not be 
set on the same terminal as A, to avoid 
removing the load.) The impedance of 
the taps which give the best output can 
be found on the chart furnished with 
the transformer. Now, knowing the 

proper impedance to use, you can in- 
stall a transformer having this rating, 
or can find the proper terminals to use 
on another universal transformer. 

A universal transformer should not 
be used in high-fidelity receivers, p.a. 
systems, high -power circuits (here the 
types of output tubes are a clue), or if 
class B operation is used. For such cir- 
cuits, order a replacement (if you can't 
get a duplicate) by stating the type 
numbers of the output tubes, the model 
number and make of the loudspeaker, 
and its d.c. voice coil resistance. 

In some receivers, the secondary of 
the output transformer is tapped to 
provide inverse feedback. Use an exact 
duplicate here if possible. Should howl- 
ing occur when a duplicate is installed, 
the feedback is causing regeneration 
rather than degeneration; reverse the 
connections to the primary of the out- 
put transformer. This will reverse the 
phase of the voltage across the second- 
ary. 

If such a transformer must be re- 
placed by a universal transformer, dis- 
connect both ends of the lead which 
ran to the tap on the old transformer. 
If the lead is left connected in the cir- 
cuit, even though it is not connected 
to the new transformer, it may provide 
a feedback path and so cause instabil- 
ity and howling. 

R. F. and I. F. Transformers 
I.F. windings require more frequent 

replacement than r.f. coils, but their 
replacement is usually simpler. Both 
have opens, noise, and lowered Q as 
their troubles. Short circuits are not so 
common, but do occur in multi -layer 
windings. Let's run through the prob- 
lems for both transformer types. 

R.F. TRANSFORMERS 

In any receiver, the r.f. (tuning) 

coils must have equal inductance and 
distributed capacity values so that they 
will track when they are used with 
identical ganged condensers. This 
means the tuned secondaries must be 
held to close tolerance values, so most 
servicemen use exact duplicate replace- 
ment coils when anything is wrong with 
the tuning winding. 

If a duplicate is not available, you 
can: 1, have one wound by a coil manu - 

.t 
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facturing company (your supply house 
will forward your order to one if you 
do not wish to order direct) ; 2, get a 
universal coil with an adjustable in- 
ductance; or 3, replace all the r.f. coils 
with a matched set. Let's consider these 
steps in order. 

Case 1. In ordering coils, give the 
following information: 

1. Name and model of radio. 
2. Number of chassis and any chas- 

sis identification such as a series 
or code number. 

3. Name of coil or of circuit in 
which it is used (antenna, 1st or 
2nd r.f.) . 

This is usually enough information 
if the receiver is a popular brand, as 
coil winding firms know the specifica- 
tions on these coils and can wind a du - 

ADJUSTING 
SCREW 

MOVABLE 
CORE 

SECONDARY 

PRIMARY 

TERMINAL 

FIG. 12. A universal r.f. transformer. 

plicate. However, if the coil is removed 
from an "orphan" or unidentified chas- 
sis, send a schematic diagram of the 
section of the circuit in which it was 
used. If requested, send in the defec- 
tive coil as a sample. (When ordering 
from a distance, it is a good idea to 
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send the defective coil in as a model, 
whether requested or not.) If any lugs, 
leads, or mounting brackets are miss- 
ing, make a note of their locations. If 
a shield is used, give its dimensions. 

If the coil is one of an identical se- 
ries of coils, such as are found in a t.r.f. 
set, a good coil can be sent in as a 
sample, but be sure to request that it 
be returned to you. 

Case 2. The inductance of a uni- 
versal coil can be varied over a wide 
range by an adjusting screw, so if its 
distributed capacity is not too far off, 
a universal coil can be made to track 
reasonably well. Fig. 12 shows a cut- 
away view of such a coil. 

It's easy to adjust a universal an- 
tenna or r.f. coil in a t.r.f. receiver. Use 
a condenser of about 200 mmfd. (.0002 
mfd.) as a dummy antenna; connect 
it between the hot side of a signal gen- 
erator and the antenna connection of 
the receiver. Connect an output meter 
to the receiver, tune the signal gen- 
erator and the receiver to 600 kc., and 
rotate the adjusting screw of the coil 
until you obtain maximum output. 
Next, tune the receiver and signal gen- 
erator to 1400 kc. and align the cir- 
cuits by adjusting the trimmers on the 
gang for maximum output. This may 
throw the adjustment at 600 kc. off 
somewhat, so retune the signal gener- 
ator and receiver to this frequency and 
reset the screw for maximum output. 
Continued adjustment of the 600-kc. 
and 1400-kc. adjustments usually will 
give reasonable tracking over the band. 
However, if the responses are very un- 
equal, or adjusting one throws the other 
completely off, the distributed capacity 
of the universal coil winding is widely 
different from that of the other coils; 
you should then use an exact dupli- 
cate coil or a matched set of coils. 

A slightly different procedure must 
be followed when you replace an an- 
tenna or r.f. coil on a superheterodyne, 



since the 600-kc. and 1400-kc. receiver 
dial settings depend upon the receiver 
oscillator, rather than upon the coil be- 
ing replaced. First install the new coil, 
then adjust the oscillator high -fre- 
quency trimmer and the low -frequency 
padder, if one is used, so that the re- 
ceiver tracks its dial. Next, adjust the 
new coil inductance at 600 kc. and its 
trimmer at 1400 kc. for maximum out- 
put. Repeat the low- and high -fre- 
quency adjustments for the new coil 
just as for a t.r.f. set. Do not adjust 
any of the other trimmers on the gang 
at this time-only the one for the new 
coil. Complete realignment can be 
made after the inductance of the re- 
placement coil is satisfactory. 

Case 3. When you have an a.c.- 
d.c. t.r.f. set using a single stage of r.f., 
in which either the antenna or r.f. coil 
is defective, simply order a matched 
antenna coil and an r.f. coil. Specify 
that they are to be used in an a.c.-d.c. 
midget. Get shielded coils if the orig- 
inals were shielded. In most cases 
shields are not used, the antenna coil 
being mounted above the chassis and 
the r.f. coil under the chassis. The in- 
structions which come with the coils 
will facilitate their installation, but of 
course you should identify each lead 
on the old coils before unsoldering 
them. Fig. 13 shows a typical pair of 
replacement coils. 

Defective Primaries. The forego- 
ing procedures are necessary if the sec- 
ondary or tuned winding is defective. 
However, the secondaries seldom fail; 
it is the primaries, which carry appre- 
ciable amounts of plate current, that 
usually open up. The primaries of an- 
tenna coils (these are also called r.f. 
coils) are sometimes burned to a crisp 
by lightning or by a customer's care- 
lessly plugging the aerial and ground 
leads into a lower line outlet rather 
than an antenna outlet. 

Most servicemen replace the entire 

coil if the primary is defective, par- 
ticularly when a replacement is easy 
to obtain. However, the inductance of 
the primary is not critical, so it is pos- 
sible to use a replacement primary 
winding which can be slipped on the 
coil form and wired in the circuit to 
replace the original. 

Since r.f. coils vary in physical size 
you should have an assortment of these 
windings on hand if you intend to use 
them. Both low- and high -impedance 
types are available, but most modern 
radios use the high -impedance types. 

The replacement primary is slipped 
over the secondary as shown in Fig. 14. 
Be sure to follow the manufacturer's 
instructions carefully, for the position 
and direction of the winding are im- 
portant. If it is necessary to discon- 
nect the transformer to get the pri- 
mary on, be sure to make a connection 
sketch. 

OSCILLATOR COILS 

An open primary is the usual defect 
of an oscillator coil. It is best to in- 
stall an exact duplicate rather than a 

FIG. 13. A cut -away view of a set of shielded, 
matched r.f. transformers. These are also avail- 

able unshielded. 

new primary, because the primary con- 
trols the amount of feedback. 

If necessary, the coil can be repaired 
by one of the firms specializing in this 
business. If you send a coil off to be 
repaired, include a schematic diagram 
of the circuit in which it is used, give 
the make and model number of the re- 
ceiver, the intermediate frequency, the 
type number of the oscillator tube, and 
state if the oscillator section of the con - 
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denser gang has specially shaped 
plates. 

Be certain that you draw and keep 
a diagram of the exact connections to 
the coil lugs-so you'll have no trouble 
in making the new installation. 

Universal oscillator coils are avail- 
able, but their installation and adjust- 
ment is quite a problem, particularly 
if the padder adjustment has been dis- 
turbed. If you get a universal coil, be 
sure to follow the detailed instructions 
furnished by its manufacturer. 

Multi -Band Coils. When the re- 
ceiver has several wave bands and uses 
a tapped coil or multiple windings on 
the same form, either an exact dupli- 
cate or a rewinding job is necessary. 
Matched sets of coils with taps for the 
police band are available for a.c.-d.c. 
receivers, but these are almost the only 
exceptions. 

I.F. TRANSFORMERS 

The i.f. transformer assembly in- 
cludes the coils and their tuning con- 
densers. Occasionally the trimmers will 
short or become leaky, or a high -re- 
sistance joint will develop. Generally, 
though, the trouble is an open coil, 
which you can repair by installing 
either a replacement coil or a com- 
plete transformer assembly. If a new 
transformer is available, use it in pref- 
erence to new windings, since far less 
time will be spent in making the re- 
placement. 

Any large coil manufacturer can 
furnish either duplicate or satisfactory 
universal replacements. Sometimes, 
mounting holes for the new shield will 
have to be drilled in the chassis. When 
you order a replacement transformer, 
state the make and model number of 
the receiver, the i.f., and the position 
occupied by the transformer in the cir- 
cuit. For example, if two i.f. transform- 
ers are used they are spoken of as the 
first (or input) i.f. transformer and as 

FIG. 14. How a replacement primary winding is 
installed. 

the second (or output) i.f. transform- 
er. If three i.f. transformers are used, 
the first is called the input i.f. trans- 
former, the second is called the inter - 
stage i.f. transformer, and the third is 
called the output i.f. transformer. It is 
very important to get transformers 
which are designed to work with the 
number of i.f. stages used. Transform- 
ers designed for a single i.f. stage have 
very high gain, and if they are placed 
in a set using two stages of i.f. ampli- 
fication, the amplifier will be unstable 
and may oscillate. 

Try to get a replacement with the 
same physical dimensions-give the 
size of the transformer shield and the 
mounting centers. 

The leads on the replacement trans- 
former may have a different color code 
than the original transformer leads 
had. Replacement i.f. transformers use 
the color code shown in Fig. 15 unless 
otherwise specified. 

The blue (plate) lead and the green 
(diode or control grid) lead should be 
kept as far as possible from each other, 
and away from other grid and plate 
leads. The position of the original leads 
is usually a reasonable guide, but if 
the new transformer has a higher gain 
than the original, it may be necessary 
to separate the leads more to prevent 
oscillation. 

In general, the blue and green leads 
should be as short as possible. The 
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THIS LEAD IS GREEN -BLACK 
IN FULL -WAVE DIODE TYPE 

FIG. 15. RMA color code for i.f. transformer 
leads. 

length and routing of the red (B+) 
lead is ordinarily unimportant. The 
length and route of the black lead is 
important only in output transformers; 
in them, this lead carries i.f. to the 
diode load and is quite "hot," so should 
be kept short. 

If you can't get a replacement i.f. 
transformer which will fit on the chas- 
sis, install replacement coils-prefer- 
ably exact duplicates. Again, your or- 
der must identify the receiver by make 
and model number and also identify 
the i.f. transformer. If an exact dupli- 
cate is not available, order a replace- 
ment designed to operate at the inter- 
mediate frequency of the receiver and 
equal or close to the original in physi- 
cal dimensions. Typical replacements 
are shown in Fig. 16. 

The spacing between the primary 
and secondary coils is important, but 
is usually factory -adjusted. Should you 
get a set of coils with adjustable spac- 
ing, however, measure the distance be- 
tween the original coils before remov- 
ing them, and use the same spacing on 

the replacements. This will give aver- 
age satisfactory results. 

An exact adjustment can be made by 
getting a response curve for the trans- 
former with a c.r.o. and a frequency - 
modulated (wobbulated) oscillator in 
the manner you learned earlier in your 
Course. If the coils are somewhat over - 
coupled the curve will be flat; if they 
are very much overcoupled it will be 
double -humped. If the coils are under - 
coupled the curve will be "low." Over - 
coupling causes poor selectivity; un- 
dercoupling results in poor sensitivity. 
You should adjust the spacing of an 
ordinary i.f. transformer so that the 
response curve just starts to flatten at 
resonance. An adjustable band -ex- 
panding transformer should have no 
flattening of the response curve in the 
sharp or selective position, but in the 
broad or "fidelity" position the curve 
should have a flat top or even a double - 

FIG. 16. Typical replacement i.f. windings. 

hump. High - fidelity transformers 
(which are usually factory -adjusted) 
will be overcoupled and should have a 
broad flat -top or double -hump charac- 
teristic. 

Once you've found the right spacing, 
cement the coils in place with coil dope. 

Some i.f. transformers have three 
windings, for band-pass operation. Use 
a duplicate instead of a universal re- 
placement for these. 
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Replacing Condensers 
You may have to replace all kinds 

of condensers-even tuning condenser 
gangs. However, you will usually carry 
only an assortment of paper and elec- 
trolytic types, and perhaps a few fixed 
mica condensers in stock. Let's take up 
condenser replacements according to 
type. 

PAPER CONDENSERS 

The most important ratings for any 
condenser are the capacity and the 
working voltage. The rating of the 
original part usually can be found 
from the schematic diagram or from 
the condenser label, but an exact dupli- 
cate replacement is seldom needed for 
a defective paper condenser. A wide 
variation in capacity is usually per- 
missible. 

If you don't know the original ca- 
pacity, use .01 mfd. to .1 mfd. for r.f. 
and i.f. by-passing, .25 mfd. to 1 mfd. 
for a.f. by-passing, .00025 mfd. for grid 
leak detectors, .002 mfd. to .05 mfd. for 
a.f. coupling condensers, and .001 mfd. 
to .05 mfd. for buffer condensers. This 
gives a clue to the sizes you should 
stock. A few each of the .01, .05, .1, .25, 
and .5-mfd. sizes will be adequate for 
practically all by-pass and audio cou- 
pling purposes. 

A more important factor is the con- 
denser working voltage rating, which 
should always be greater than the volt- 
age across the terminals to which the 
condenser is connected. Many service- 
men never use a paper condenser with 
less than a 600 -volt rating (space per- 
mitting) even if the condenser is to be 
used in a low -voltage circuit. It costs 
only a few cents more and is excellent 
insurance against a call back. Buffer 
condensers in vibrator power supplies 
should be rated at 1600 volts or more. 
Filter condensers of the paper type 
(very rare today) should have a 600 - 

volt to 1000 -volt rating. 
Sometimes one end of a tubular 

paper condenser will have a black ring 
on it and be marked "outside foil" or 
"ground." The foil connected to the 
lead at this end of the condenser is the 
final outside layer and surrounds the 
rest of the condenser. If a condenser 
goes either directly or through a low - 
impedance path to ground, this ground 
connection should be made to the out- 
side foil end of the condenser-the out- 
side foil then acts as a grounded shield 
and prevents undesirable coupling be- 
tween the condenser and other circuits. 
In most well -designed receivers, how- 
ever, it won't make any difference 
which end of a paper condenser is 
grounded. If the condenser is used for 
coupling (neither end grounded), ig 
nore the outside foil marking. 

ELECTROLYTIC CONDENSERS 

Electrolytic condensers often prove 
puzzling to newcomers in the service 
business. When replacements are to be 
made, many questions about capacity, 
working voltage, and types come up. 

Let's consider capacity first. A re- 
placement should not be much below 
the capacity of the original, but can be 
much higher. For example, a 10-mfd. 
output filter condenser should not be 
replaced by one smaller than 8 mfd., 
but a much larger condenser can be 
used and will give better filtering. 
However, do not replace an input filter 
condenser with one of more than twice 
the capacity of the original, for the 
peak current through the rectifier tube 
may increase to the point where the 
tube will be damaged. This is particu- 
larly true of a.c.-d.c. sets. 

In replacing electrolytic by-pass con- 
densers, never use a capacity lower 
than the original; a larger capacity 
will give better results. In replacing 
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condensers used across the filament 
strings of three-way receivers, stick to 
the original capacity if possible. 

Here is a good rule to remember 
about working voltage. The working 
voltage of the replacement must be at 
least as high as the original; if it is 
higher there will be less chance that 
the new condenser will break down. If 
you are in doubt about the voltage ap- 
plied to the condenser, check it with a 
d.c. voltmeter. When the set is first 
turned on, the voltage may be consid- 
erably higher than when the tubes 
start drawing current. It is this initial 
high voltage that the condenser must 
withstand. A working voltage of 150 
volts is standard for filter condensers 
in a.c.-d.c. sets (voltage doublers use 
250 volts), while 450 volts is standard 
for a.c. receivers. C bias by-pass con- 
densers are usually rated at 25 or 50 
volts. 

Dry electrolytics usually-but not 
always-can be substituted for wet 
electrolytics. Remember the funda- 
mental difference between the two. The 
dielectric of wet electrolytics can be 
broken down by an overload, but when 
the overload is reduced the dielectric 
film will reform. If dry electrolytics are 
overloaded for any length of time, their 
dielectric film breaks down permanent- 
ly and the condenser must be dis- 
carded. In some sets using wet elec- 
trolytics, the initial starting surge 
breaks down the dielectric film each 
time the set is turned on. If you want 
to substitute drys, be sure to check this 
starting voltage. If it exceeds the work- 
ing voltage of the condensers, either 
install wet electrolytics, or try a 50,- 
000 -ohm, 5- or 10 -watt bleeder resistor 
across the output filter condenser. The 
resistor will draw current as soon as 
the rectifier tube starts passing current 
and usually will reduce the starting 
voltage to a safe level. Be sure to meas- 
ure the voltage again after installing 

the bleeder, however, to be certain it 
does not lower operating voltages too 
much. 

The type of can or container used 
for electrolytic condensers has noth- 
ing -to do with replacements. For ex- 
ample, a condenser in an aluminum 
can may be replaced by a tubular paper 
type electrolytic with similar ratings. 

If there are a number of condensers 
in a case and only one is bad, you can 
connect a single -section replacement 
unit outside the case in the place of 
the defective section. However, it is 
best to replace them all, since the 
others will not last as long as the new 
one. Not only must the replacement 
contain the correct number of con- 

IBI 

FIG. 17. Two styles of filter condenser blocks. 
These are NOT interchangeable, so be sure you 

get the proper replacement. 

densers, but also their leads must be 
arranged so that they can be properly 
wired into the circuit. As an example, 
look at Figs. 17A and 17B. Each con- 
denser block contains the same con- 
densers and each has three leads. Yet 
the blocks could not be interchanged- 
the block in Fig. 17A has a common 
negative lead for both condensers, 
while the block in Fig. 17B has a com- 
mon positive lead for both condensers. 
If any of the leads in a block are com- 
mon to two or more condensers, say so 
when you order a replacement. Two 
separate condensers, or two condensers 
in a block with separate positive and 
negative leads, could be used to replace 
the condensers in Figs. 17A and B. 
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MICA CONDENSERS 

Mica condensers rarely go bad; when 
one does, it is best to use a replace- 
ment of the same capacity. Because 
different color codes are often used on 
micas, it is usually easiest to identify 
the proper size from the wiring dia- 
gram. If you have no service informa- 
tion, examine the original. You may 
find the capacity value is stamped on 
the condenser, or it may be marked ac- 
cording to the standard color code (see 
Fig. 18) . Remember, private color 
codes are sometimes used, so if you 
come out to some unreasonable capac- 
ity value, the marking is probably not 
the standard code. 

GANG TUNING CONDENSERS 

In modern receivers the tuning con- 
denser gang seldom becomes so defec- 
tive it cannot be repaired. Even badly 
bent plates usually can be straightened 
with a thin putty knife. However, if 
they are beyond repair, the shaft is 
bent, or the bearings are damaged, a 
new gang-an exact duplicate-should 
be installed. Unless you order from the 
set manufacturer, remove the old gang 
and send it with your order to make 
certain you get the correct replace- 
ment. Be sure to give the make and 
model number of the receiver. 

RMA COLOR CODE FOR MICA CONDENSERS 

COLOR 

COLOR 

COLOR 

H 
COLOR 

COLOR 
COLOR 
COLOR 

COLOR 
COLOR 

of 

zeros 
figure. 

CONDENSER 

CO. Ii 

O 
+'"- 00 

A Is first figure of 
capacitance. 

8 is second figure. 

C is number of zeros 
offer second figure. 

A is first figure 
capacitance. 

8 is second figure. 
C Is third figure. 

D is number of 
after third 

E is tolerance. 
F is working voltage. 

Capacitance in MMFO for condensers smaller than .01 ntfd,capecItanee 
in MFD for larger condensers. 

Arrow or lettering usually shows right direction for reading dots. 

COLOR FIGURE TOLERANCE WORKING VOLTAGE 
BLACK 0. .. - -. 
BROWN I 1% 100 V. 

RED 2 2% 200 V. 

ORANGE 3 3% 300 V. 

YELLOW 4 4% 400 V. 

GREEN 5 5% 500V. 
BLUE 6 6% 600 V. 
VIOLET 7 7% 700V. 
GRAY 8 8% ,. BOO V. 

WHITE 9 9% 900V. 
GOLD - 5% - 1000 V. 

SILVER .:z.-. - 10% - 2000 V. 

NONE Inseams as _ 20%' 500V. 
case color 

FIG. 18. The RMA color code for mica conden- 
sers. 

The plates of older condensers were 
often set in white metal castings. This 
metal may warp, throwing the con- 
denser out of line and causing the rotor 
and stator plates to scrape against each 
other. Don't try to bend the plates, un- 
less no replacement is available, as the 
casting will continue to warp and the 
trouble will reappear in a short time. 

Replacing Resistors 
Resistors fall into several classifica- 

tions: fixed, semi -variable, and vari- 
able types. They may have carbon, a 
metallic deposit, or resistance wire as 
the resistive element. Let's take up 
each type in turn. 

FIXED RESISTORS 

You're usually safe in suspecting ex- 
cess current as the reason for a metal- 
lized or carbon fixed resistor's going 

bad, particularly if the resistor has a 
burned or charred appearance. (Wire - 
wound resistors rarely burn out-elec- 
trolysis at the junction of the terminal 
lug and the resistance wire is the usual 
trouble.) Look carefully for the cause 
of this excess current before installing 
a new resistor. A check from the low 
potential end of the resistor to the 
chassis with an ohmmeter will show 
whether a broken-down condenser or 
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RMA COLOR CODE FOR RESISTORS 

BACKGROUND COLOR 

` 
ANC")i 

METHOD I 
COLOR BANDS A,B,AND C GIVE VALUE. 
GOLD OR SILVER BAND D, USUALLY 

OMITTED, INDICATES TOLERANCE. 
BLACK BACKGROUND - UNINSULATED. 
TAN BACKGROUND- INSULATED. 

8, AI A 

METHOD II 
BODY COLOR (A), END COLOR (B), AND DOT 
OR BAND COLOR (C) GIVE VALUE. 
GOLD OR SILVER BAND D, USUALLY 
OMITTED, INDICATES TOLERANCE. 

D= 17!.1_4_ 
C 

Color Faun 
BLACK A 
BROWN J. 
RED 2 
ORANGE 3 
YELLOW A 
GREEN 5 
BLUE e 
VIOLET 7 
GRAY 9 
WHITE 9 

COLOR A GIVES FIRST FIGURE OF RESISTOR VALUE. 

COLOR B GIVES SECOND FIGURE OF RESISTOR VALUE. 

COLOR C GIVES NUMBER OF CIPHERS FOLLOWING THE FIRST TWO 
FIGURES. 

COLOR D: GOLD BAND INDICATES ± 5% TOLERANCE. 
SILVER BAND INDICATES t 10% TOLERANCE. 
NO BAND INDICATES STANDARD t 20% TOLERANCE. 

FIG. 19. The RMA color code for resistors. 

some other short burned out the re- 
sistor. If the resistor is not changed in 
appearance and no short can be found, 
the element is probably cracked. 

After you've repaired the short (or 
made sure there is none) , determine the 
proper size for the replacement. 

Resistance values are not critical 
and a variation of 20% is of little im- 
portance. You can find the value of 
the original resistor from the schematic 
diagram, or from the color code mark- 
ings (if it follows the standard code) . 

The color code for resistors is shown 
in Fig. 19. 

The circuit in Fig. 20 shows some 
typical resistor value ranges. If you 
can't determine the resistance of the 
burned -out resistor, install one that is 
shown by this figure to be appropriate 
for the circuit involved. If the set 
works satisfactorily and the voltages 
seem to be normal, leave the resistor 
in-otherwise, experiment with differ- 
ent values until you get the results you 
want. 

Always use a replacement resistor 
with a wattage rating equal to or high- 
er than that of the original-never 
lower. Otherwise, the replacement will 
burn out. You can use the physical size 
of the resistor as a guide if the re- 

placement is the same type (carbon, 
metallized, or wire -wound) as the orig- 
inal. The replacement should be the 
same physical size, or larger. 

If carbon resistors used as bleeders 
or voltage dividers are defective, re- 
place them with 10- or 20 -watt wire - 
wound types. 

When sections of a candohm unit 
fail, it is generally best to replace the 
entire unit with a duplicate or with in- 
dividual wire -wound units. Don't use 
the lugs on the candohm as anchor 
points for individual resistors, because 
the defective unit may "come alive." 

Your stock of resistors should in- 
clude a kit of carbon or metallized re- 
sistors in the 1/2-, 1-, and 2 -watt sizes. 
You will usually find that values of 
200, 300, 1000, 5000, 25,000, 50,000, 
100,000, 250,000, and 500,000 ohms are 
used most. Then, you can add a kit of 
wire -wound 10- and 20 -watt types. 
The most used sizes of these depend on 
the kinds of radios you service most, 
and they can be learned best from ex- 
perience. 

Most wire -wound voltage dividers 
have fixed, predetermined values. If a 
duplicate divider cannot be obtained 
and the section values cannot be de- 
termined from the service data, install 
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a 25,000- to 50,000 -ohm, 50 -watt semi - 
variable unit and adjust it to give the 
proper voltages. Then, measure the 
sections and use fixed resistors as re- 
placements for them. 

Some of the new molded resistors 
look like the small mica condensers. 
These resistors are ordinarily black, 
marked with three colored dots. Read 
these dots in the same order as you 
would those on a three -dot condenser; 
they then have the same meaning as 
the body, end, and dot colors respec- 
tively, on regular carbon resistors. 

There are also condensers shaped 
like resistors. The condenser values are 
indicated by bands of color. Two 
groups of bands may be used, with the 
bands in each group being the same 
width, and the groups of bands being 
different in width. The bands of greater 

width indicate the significant figures 
of the capacity, while the bands of 
smaller size indicate the number of 
ciphers, the tolerance, and the voltage 
rating respectively. 

VARIABLE RESISTORS 

Volume and tone controls are the 
most important variable resistors. Ex- 
act duplicate controls are available 
and are the simplest to install. Some 
special dual control units can be re- 
placed only by exact duplicates. How- 
ever, a kit of universal sizes will per- 
mit replacement of most controls; 
sooner or later you will probably stock 
such a kit. 

The physical size of a volume or tone 
control will not matter as long as it is 
not too large for the space provided. 
However, there are several types of 

B+ 

FIG. 20. This circuit shows the locations of most of the resistors used in modern radio receivers. (The 
diagram is incomplete otherwise.) Here are typical values used: 

R1 -a.v.c. decoupler-50,000 to 250,000w (100,000 most common) 
R2 -1st det. bias resistor -200 to 300W 
R3 -osc. grid resistor -50,000w for a.c., 100,000-200,000w for battery tubes 
R4 -osc. plate resistor -20,000w 
R5 -screen dropping res. -50.000w if no bleeder 
Rg -a.v.c. decoupler-500,000w to 2 megs. (I meg. most common) 
R7 -i.f. bias -200-600w (usually 300(0) 
R8 -i.f. plate decoupler-1,000 to 10,000w (usually 2000 or 5000w) 
Ry -i.f. filter -50,000w 
R10-diode load -50,000 to 500,000w (100,000w most common) 
R11 -1st a.f. grid -500,000 if biased; 10 to 20 megs. if convection biased 
R12-R-C plate res. -50,000 to 250',000 (100,000 most common) 
R13-plate decoupler-5000 to 50,000 (10,000 or 20,000 most common) 
R14-R-C grid res.-I00,000 to 500,000 (250,000 most common) 
R15-power tube bias -150 to 600w (depends on tube, and whether bias is for single or push-pull 

tubes) 
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shafts, and if the wrong one is used the 
knob may not fit. Most shafts which 
are not exact duplicates are consider- 
ably longer than necessary and must 
be cut to the right length with a hack- 
saw. 

The original control may have been 
equipped with an ON-OFF switch. If 
so, a switch can be attached to the 
back of a universal control by follow- 
ing the manufacturer's instructions. 
Consult a control guide book if the 
original switch is a special type, such 
as may be found in battery sets; you 
may have to use a duplicate control. 

The electrical size of a volume con- 
trol depends on the circuit in which it 
is used. Some representative circuits 
are shown in Fig. 21. (Volume control 
guides show many more.) These guides 
will also prove helpful if you can't de- 
termine resistance values from the 
schematic diagram or the original con- 
trol. Actually, the resistance value is 
seldom critical. 

Of the three types of connections 
commonly used today, the combina- 
tion antenna -C bias control (Fig. 21A) 
may have any value between 10,000 
and 25,000 ohms; the a.f. grid control 
(Fig. 21C) may be between 250,000 
ohms and 2 megohms; and the diode 
load type (Fig. 21E) may be from 50,- 
000 to 250,000 ohms. 

More important than the resistance 
value is the control taper-the manner 
in which the resistance varies with the 
shaft rotation. You don't have to worry 
about this, however; just name or 
sketch the circuit in which the control 
is used and your supplier can furnish 
the proper replacement. (Your kit of 
universal types will have a guide book 
showing the proper types.) 

Some controls have taps for auto- 
matic bass compensation circuits. Be 
sure the replacement has similar taps. 

Tone controls are ordered and re- 

placed the same as volume controls. 
Again, a guide book will prove helpful. 

Before removing an old control, al- 
ways draw a connection diagram so 
you'll have no trouble wiring up the 
new control. When the old control is 
removed, measure the distance from 
the end of the shaft to the threads on 
the bushing. If necessary, cut the new 
control shaft to the same length with 
a hacksaw. Hold the end of the shaft 
in a vise while cutting it. 

When one terminal of a control must 
be connected to the set chassis, you will 
sometimes find that the connection was 
made internally in the original control. 
An exact duplicate replacement will 
have a similar connection, but a uni- 
versal replacement will not. In this last 
case, you have to run a wire from the 
proper terminal lug to the chassis, in 
addition to making the other connec- 
tions. 

FIG. 21. Typical volume control connections. 
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Replacing Loudspeakers 
Speaker repairs generally are made 

by the manufacturer or by firms spe- 
cializing in this service, although occa- 
sionally you may find it profitable to 
replace a cone -voice coil assembly or 
a field coil yourself. Very often, par- 
ticularly in small sets, the cheapest 
course is to buy a new speaker. Let's 
see just how you should go about or- 
dering new parts, repairs, or new 
speakers, and how you should install 
replacements. 

Replacement Cones. If you are go- 
ing to have a cone replaced by the set 
manufacturer or by a firm specializing 
in this service, send in the entire speak- 
er. It will come back with the proper 
cone installed. 

If you decide to replace the cone 
yourself and can get the old cone out 
of the speaker intact, send it to the set 
manufacturer or to a firm manufactur- 
ing cones and request a duplicate. In- 
clude the make and model number of 
the receiver with your order. 

If the old cone is completely torn 
up or missing, or if you are servicing 
some private brand or orphan* re- 
ceiver, you can send the speaker to a 
cone manufacturer and have an ac- 
ceptable cone installed. Should you 
prefer to install the cone yourself, and 
don't know the name of the set manu- 
facturer, examine the speaker careful- 
ly to see whether you can determine 
the name of the speaker manufacturer 
and the model designation of the 
speaker. 

If you can't find this information, 
specify the diameter of the cone, the 
diameter of the voice coil, and the im - 

*A private brand set is manufactured for 
department stores, chain stores, or small re- 
tail outlets. An orphan is one which does not 
have the manufacturer's name on the set, or 
one of which the manufacturer is out of 
business. 

pedance of the voice coil when you or- 
der a replacement from a cone manu- 
facturer. Be sure to state whether the 
diameter is that of the cone opening 
or that of the speaker frame rim. You 
should specify also the depth of the 
cone housing from the front pole piece 
to the front edge of the housing. It is 
advisable to make a drawing showing 
just what measurements you are giv- 
ing, to help the manufacturer deter- 
mine the right size for the cone. 

Field Replacements. What we've 
said about cone replacements applies 
also to the speaker field. You can re- 
turn the original speaker to the set 
manufacturer or send it to a firm spe- 
cializing in replacements, allowing 
them to install the proper type for you. 
If you want to do the work yourself, 
be certain that you specify the make 
and model number of the set, as well 
as any other numbers which may ap- 
pear on the speaker itself. 

If an exact duplicate replacement is 
unavailable, you must give the resist- 
ance of the field and its physical di- 
mensions (length, and inside and out- 
side diameter) . Universal replacement 
speaker fields are available which have 
two windings; the resistance of these 
can be adjusted by making series or 
parallel connections, but the range of 
the adjustment is limited, so the field 
selected must be near the right size in 
the beginning. 

You may wonder how you can give 
the field resistance when the original 
field is burned out. A service manual 
or a speaker field replacement guide 
usually will tell you what the resist- 
ance should be. If these sources fail, 
you can make a reasonable estimate of 
the resistance from the way the speak- 
er is used, or you can find it by a resist- 
ance substitution method. 
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 For example, you know that usual- 
ly the speaker field of an a.c: d.c. re- 
ceiver either is connected across the 
output of the rectifier, as shown by coil 
L1 in Fig. 22A, or is connected to a 
single diode as in Fig. 22B. In either 
case, the field value will be 2500 to 
3000 ohms, and any value in this range 
will prove satisfactory. 

Should the speaker be used as a 
choke in an a.c.-d.c. receiver, in the 
position indicated for coil L2 in Fig. 
22A, the resistance is low-usually 300 
to 400 ohms. 

In the standard a.c. receiver, the 
speaker field is usually used as a choke 
coil, illustrated as coil L1 in Fig. 28. 
If this coil is burned out, a resistance 

SPEAKER 
FIELD I 

O SPEAKER 
FIELD 4/ 

L2 

L2 

O 

FIG. 22. Two methods of connecting speaker 
Felds which are used in universal a.c.-d.c. sets. 

substitution method will let you find 
its approximate resistance. 

First, check the set to be certain that 
no short circuits have passed excess 
current through the field and caused 
the burnout. Repair any shorts that 
you find. Next, connect a resistor in 
place of the field as shown in Fig. 24. 
Use a 5000 -ohm variable resistor, rated 
at 20 watts or more, which has one or 
more sliding taps. First move the slider 
to the end of the resistor, placing all the 

B+ 

Li 

FIG. 23. The speaker field is used here as the 
choke. 

resistance in the circuit. Then turn on 
the set and measure the voltage be- 
tween B+ and B-. Compare this volt- 
age with the voltage given in the serv- 
ice diagram or with the normal voltages 
usually applied to the output tubes. If 
the measured voltage is too low, de- 
crease the value of the resistor by mov- 
ing the tap (turn off the set before do- 
ing this) . Experiment with the tap 
position until the correct B supply 
voltage is secured, then disconnect the 
resistor and measure the resistance of 
the section finally used with an ohm- 
meter. This is approximately the re- 
sistance of the field. 

A speaker in the negative side of the 
circuit may have a tap for bias con- 
nections, as shown in Fig. 25. If an 
open is found between the tap and 
ground, in the bias section, it is fre- 
quently possible to replace this section 
of the field with a resistor, allowing 
the remainder of the field to act as a 
choke coil. 

FIG. 24. Finding the resistance of a burned -out 
field by resistance substitution. 
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Since the tapped section of the field 
usually has a resistance of only 300 
ohms or so, a 500 -ohm, 10 -watt re- 
sistor with a slider tap can be used. 
(See Fig. 25.) To adjust the resistor, 
first put all the resistance in the cir- 
cuit; then, with the receiver turned on, 
gradually reduce the resistance until 
the proper bias voltage appears across 
it. 

If the open is in the main section 
(L), a replacement is necessary. 

ORDERING AND INSTALLING 
REPLACEMENT SPEAKERS 

There is, of course, no particular 
problem involved in ordering or in- 
stalling an exact duplicate speaker. 
Simply order the replacement from the 
set manufacturer or distributor, giv- 
ing the model number of the set and 
the make and model numbers of the 
speaker. 

Some. set manufacturers sell new 
speakers on a "trade-in" basis. When 
you send in the old speaker to get a 
new one on this plan, give the model 
number of the receiver. Any other in- 
formation the manufacturer needs he 
can get from the old speaker. 

If you want to use a speaker which 
is not an exact duplicate, you must be 
sure the voice coil impedance, the 
speaker field resistance, and the physi- 
cal size of new speaker are acceptable. 
For instance, the new speaker should 
not have a cone diameter larger than 
the opening in the baffle of the radio 
cabinet-if it does, it will be necessary 
to cut a larger opening in the cabinet, 
which may not be practical. (Of course 
if the speaker is smaller, you can al- 
ways mount it on a board which has 
an opening of the proper size and 
fasten this board over the original 
baffle opening.) And when you order 
a speaker for a table model cabinet, 
you must be sure to get one of such 
size or shape that it will fit into the 
cabinet with the radio. 

As you have learned, the voice coil 
impedance can be found by measuring 
the voice coil resistance with an ohm- 
meter, then multiplying this resistance 
by 1.5. This is just an approximation, 
and it is possible for some mismatch 
to occur. Therefore, if you're not posi- 
tive that the voice coil impedance of 
the new speaker is the same as that of 
the old one, replace the output trans- 
former as well as the speaker. You can 
usually buy an output transformer 
with the speaker which will match it 
to the output tubes used. Specify the 
make and model number of the speak- 
er and the number and types of output 

FIG. 25 A tapped speaker field. 

tubes when you order the transformer. 
You might use a universal output 

transformer, adjusting it in the man- 
ner you learned earlier in this lesson. 

Replacing Magnetic Speakers. 
Since magnetic speakers are far in- 
ferior in performance to p.m. dynamics, 
many servicemen use p.m. replace- 
ments for them. Usually, magnetic 
speakers are found in midgets, where 
space limitations are important. How- 
ever, p.m. type speakers are made with 
diameters as small as 2 inches, and 
usually take no more space than the 
equivalent magnetic speaker. 

Although a matching transformer is 
necessary with the p.m. speaker, those 
used with little speakers are generally 
small enough to fit into even a midget 
receiver without trouble. When you or- 
der your p.m. speaker, specify that it 
be equipped with an output trans - 

27 



former which will match it to the 
power tube used. 

Replacing P.M. Speakers. You 
should always replace a defective p.m. 
speaker with another p.m., to avoid 
having to energize a field. You have to 
consider only the size of the replace- 
ment and the voice coil impedance. A 
new output transformer is necessary if 
the voice coil impedance differs from 
the original. 

Replacing Electrodynamic Speak- 
ers. Should you wish to replace an 
electrodynamic speaker with a p.m. 
speaker, you must match the voice coil 
impedance of the p.m. unit to the set 
output (using a new transformer if 
necessary) and also make whatever set 
adjustments are necessary to compen- 
sate for the loss of the field coil. 

If the field of the original speaker 
was in parallel with the voltage source 
(like L1 in Figs. 2M and 22B), as it 
is in many a.c.-d.c. receivers, just re- 
move the original field connections. If 

FIG. 26. A choke -resistor substitute for a speaker 
field. 

the field is used as a choke like L2 in 
Fig. 22A or L1 in Fig. 23, you will have 
to provide a choke coil to obtain equiv- 
alent filtering. For an a.c.-d.c. set, or- 
der an a.c.-d.c. filter choke, which is 
usually rated at 10 henrys and 50 ma. 
The resistance of this choke will be 

(gLisk! = ORIGINAL FIELD (TAPPED) 

FIG. 27. A substitution for a tapped speaker 
field. 

comparable to the field resistance. 
You will have to use both a choke 

and a resistor in a standard a.c. re- 
ceiver, since the average choke coil has 
a resistance of only 300 to 600 ohms, 
while a speaker field resistance may 
be anywhere from 1000 to 3000 ohms. 
The proper connections are shown in 
Fig. 26, where the choke L2 and the re- 
sistor 1 replace the original field 
(shown as L1) . 

The replacement choke coil should 
have an inductance rating between 10 

and 30 henrys and a current rating at 
least as high as the receiver current. 
A choke rating of 75 to 100 ma. is 
usually sufficient. 

If the field was tapped and used to 
supply bias for the power output tubes 
(Fig. 27) , you can follow the same 
general method of replacement used in 
Fig. 26, except that the resistor must 
have two slider taps. Connect one of 
these sliders to the point connected to 
the tap on the original field, and con- 
nect the other slider to the set chassis 
(see Fig. 27). 

Make the resistance between points 
1 and 3 of this figure approximately 
equal to the original field resistance. 
Then bring slider 2 toward slider 3 
until the voltage drop across section 
R1 delivers the proper bias for the out- 
put tubes. 
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Lesson Questions 

Be sure to number your Answer Sheet 47R11-2. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. Suppose a power transformer stops smoking and cools off when the tubes 
are removed, even though the on -off switch is still turned on. Was the over- 
heating due to an overload, or is the transformer defective? 

2. Suppose the tester shown in Fig. 1 is being used to check the primary cur- 
rent of a transformer having an internal short. Should the lamp light: 
1, dimly; 2, brightly; 3, or should it show no light? 

3. Suppose a power transformer is available which has a filament winding 
rated at 6.3 volts and 4.5 amperes. The set in which you want to use it 
has tubes rated at 6.3 volts, and they draw a total of 2.7 amperes. Can 
the transformer be used? 

4. An input push-pull transformer has a defective primary, and a check of 
the secondary shows a resistance of 300 ohms. Is the transformer an input 
for a class A output stage, or for a class B stage? 

5. Suppose a plate by-pass condenser in an i.f. stage becomes defective. Would 
you use 50 µµf., .01 mfd., .5 mfd. or 8 mfd. as the replacement capacity? 

6. If a 10 mfd., 150 -volt electrolytic condenser becomes defective, could a 
16-mfd., 250 -volt condenser be used as a replacement? 

7. When you install a replacement r.f. coil having a variable inductance, 
is the coil inductance adjusted at 600 kc., or at 1400 kc? 

8. Suppose a receiver using the a.f. volume control circuit of Fig. 21C has a 
defective control rated at 500,000 ohms. Could you use a 1-megohm audio 
type control as a satisfactory replacement? 

9. If a receiver uses a dual electrolytic filter condenser having a common 
positive lead, can you replace it with a dual electrolytic condenser having 
a common negative lead? 

10. If you do not know the voice coil impedance of a loudspeaker, how can 
you approximately determine its value? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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4 

YOUR REPUTATION 
Success in business depends on a number of things, 

but your reputation is probably the most important 
of these. Your sense of "fair play," and of honest 
dealing will determine your reputation, whether you 
operate a store or work as a serviceman. To help you 
get started properly, here are a few of the business 
rules you should memorize well : 

Keep your promises. Be careful to make only 
promises which you are reasonably sure you can keep. 

Keep accurate records. Only records can show what 
your profits are; what your costs are; and what your 
tax bill is. Adequate records are needed to show you 
how to adjust your charges so that you can be fair to 
both yourself and your customer. 

Be honest in all your dealings. Honesty goes far be- 

yond "dollars and cents"-it includes fairness to your 
employees; telling the truth in your advertising; 
guaranteeing your work and your merchandise; and 
reasonableness in dealing with your suppliers. 

Yes, a good reputation is certainly to be desired. 
With it, you are well on the road to success! 
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AUTOMATIC record changers are 
the logical outgrowth of the return 

to popularity of phonograph records. 
Before the advent of radio, the phono- 
graph was very popular. Then, for a 
time, the radio supplanted the phono- 
graph in the home. Gradually, how- 
ever, electrical record players that 
operated through the radio receiver or 
had built-in amplifiers became increas- 
ingly popular. As you know, these 
record players consist of a motor - 
driven turntable and a pickup arm. 
The latter, through either an electro- 
magnetic pickup or a crystal pickup, 
converts the modulation on a record 
groove into an electrical signal that 
can be amplified and reproduced by 
an audio amplifier and loudspeaker. 

You are undoubtedly familiar with 
the method of operation of such a rec- 
ord player. You place the desired 
record on the turntable, turn on the 
power, and lower the pickup arm into 
position on the outside edge of the rec- 
ord. When the record is finished, you 
remove the pickup arm, turn off the 
power, and remove the record, either 

Photo above, Courtesy Webster -Chicago 
Corp. 

to turn it over or to replace it with 
another. You can play any size record 
that is 12 inches or less in diameter- 
the standard 10 -inch or 12 -inch diam- 
eter records, or the smaller "specials." 

The automatic record changer is de- 
signed to make it easier to play rec- 
ords. In all of the automatic record - 
changer systems, a collection of records 
is arranged in the order in which they 
are to be played. These records are 
stacked in some storage system. When 
the device is turned on, a record moves 
to the playing turntable, and the pick- 
up arm is automatically placed on it. 
At the end of the record, the pickup 
arm is removed and the next record is 
put into playing position. This opera- 
tion is repeated until all have been 
played. Most changers handle enough 
standard records to play for more than 
half an hour before it is necessary to 
handle the records. 

Ordinarily, automatic record players 
play only one side of a record before 
going to the next record. As a result of 
the widespread use of such record 
changers, most symphonies and other 
selections requiring more than a single 
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Courtesy Olympic Radio Corp. 

A typical record -player -radio combination. A 
single record is played at a time. 

record are arranged in a sequence so 

that side 1 is on the first record, side 
2 is on the second record, side 3 on the 
third, etc. Then, by turning the records 
over, you can run the stack in opposite 
order through the succeeding sides to 
the end of the performance. 

Of the common record -changer 
types, there are two basic varieties- 
the non -mixing and the inter -mixing. 
In the non -mixing types, a control is 
set so that either 10 -inch records or 

12 -inch standard records may be 
played, but not the two sizes mixed. In 
the inter -mixing kind, both 10 -inch 
and 12 -inch standard records can be 
mixed in any order and the machine 
will automatically play them properly. 

There is a third kind of record 
changer that is designed to play both 
sides of a record. So few of these have 
been made, and they are so complex, 
that we shall not describe them in this 
Lesson. However, the following infor- 
mation on the two more common basic 
types will help you in understanding 
how a two -side player should work. If 
you should get such a player to service, 
you can always consult the manufac- 
turer's instructions. 

THE NON -MIXING CHANGER 

The most popular record changer is 
the non -mixing type, because it is 
somewhat less complex in its design 
and operation and therefore less ex- 
pensive. Let's run through the opera- 
tion cycle for a basic non -mixing 
changer: 

First, a group of records, all of the 
same size (either 10 -inch or 12 -inch), 
are selected. Changers have different 
capacities, but most of them will play 
from eight to ten 12 -inch records or ten 
to twelve 10 -inch ones. Of course, any 
smaller number can be used at a time. 
Once the records are selected and have 
been placed in the order in which they 
are to be played, they are put into the 
storage mechanism. 

The control switch or lever is now 
placed in the position corresponding to 
the record size. On many machines, 
this act also automatically turns on 
the changer mechanism. 

When the changer starts to operate, 
the first record is dropped into playing 
position on the turntable. At the same 
time, the pickup arm is lifted from its 
rest beside the turntable and moved 
over the record, which by now is re- 
volving. A positioning mechanism 
stops the pickup arm and lowers it so 
that the needle is on the outside plain 
edge of the record. Gravity, a spring, 
or the take -in groove on the record 
now swings the needle into the first 
playing groove. 

To act in this manner, the changer 
must have some mechanism capable of 
separating one record from the rest. 
It must also contain a mechanism 
that can lift the pickup arm from its 
rest, swing it to the proper position, 
and then lower it onto the record. Once 
the pickup arm is placed on the record, 
it must be free to follow the record 
grooves. Therefore, the mechanism 
that moves the pickup arm must re - 
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lease it completely while the record is 
playing, then regain control of it when 
the record is finished. 

The eccentric groove cut as the last 
groove on a phonograph record is al- 
most always used to make it possible 
for the pickup arm to be brought under 
control again. This groove is shaped 
with respect to the spindle about which 
the record revolves so that the pickup 
arm, when it engages the groove, is 
forced to move rapidly back and forth. 
A tripping mechanism is then actuated, 
either because of the back and forth 
motion or because the pickup moves 
faster in this groove or because the 
pickup is brought close to the spindle. 
Once the trip is actuated, the pickup 
arm is lifted from the record, then 
swung to the side out of the way. The 
next record in the group is now dropped 
into playing position. Once there, the 
pickup arm is returned over the edge 
of this record and dropped into playing 
position. 

When the last record in the group 
has been dropped and played, some 
changers automatically move the pick- 
up arm to the side and turn off the 
mechanism. Others repeat the last rec- 

Courtesy Bendix Radio 

Automatic changers are general'y used in con- 
sole combinations like this. 
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ord over and over until they are turned 
off. 

In most cases, the control lever has 
a reject position so that you can reject 
any record in the group you don't want 
to hear. Pushing the reject lever to 
the proper position actuates the trip 
that the pickup arm normally actuates 
at the center of the record. This auto- 
matically causes the mechanism to 
pick up the arm from whatever posi- 
tion it is in and play the next record. 

If you want to play 12 -inch records 
when 10 -inch ones have been played 
before, or vice versa, put the proper 
records into position and move the con- 
trols to the appropriate position. This 
automatically moves a stop so that the 
pickup arm will drop in the right posi- 
tion. The remainder of the change 
cycle is identical with the one we just 
described. 

INTER -MIXING CHANGERS 

In an inter -mixing changer, 10 -inch 
and 12 -inch records can be mixed up in 
any order in the storage system. When 
the mechanism is turned on, and the 
first record is caused to drop, the drop- 
ping mechanism makes use of a system 
of fingers or feelers to determine the 
size of the record that dropped. Auto- 
matically, as a result of this, the stop 
for the pickup arm is set to the proper 
position so that the arm will land on 
the plain outside edge of the record. 
The playing cycle is identical with that 
of the non -mixing kind except for this 
additional automatic feature of the de- 
vice's determining the record size and 
setting the pickup arm to drop in the 
proper position. 

All changers, whether non -mixing or 
inter -mixing, can be played manually 
by setting the control lever to the 
proper position. Doing so takes the 
record dropping mechanism out of 
operation, and individual records can 



be placed on the turntable and played 
just as on any single record player. 
This operation is necessary when any 
of the non-standard record sizes, such 
as certain children's records, are to be 
played. 

From the foregoing you can see that 
even the simplest record changer must 
be rather complex. It must separate 
one record at a time from the storage 
system and place this record on the 
turntable. It must lift the pickup arm, 
move it into position, and lower it onto 
the record. At the end of the record, 
it must remove the pickup arm so that 
the next record can be dropped. If it is 
an inter -mixing changer, it must de- 
termine the size of the record and from 
that properly place the pickup arm. 

(Incidentally, some manufacturers re- 
fer to the pickup arm as the "tone 
arm.") Finally, at the end of the group 
of records, it must either cut itself off 
or repeat the last record. 

All of these operations are performed 
by a mechanical system driven by the 
same motor that operates the turn- 
table. In a mechanical system as com- 
plex as this, there are almost endless 
possibilities for variations. In fact, a 
great many variations have been de- 
signed-far more than we can hope to 
cover in this one Lesson. We shall de- 
scribe several of the most common 
record -changer mechanisms; studying 
these will make it easier for you to 
understand any other types you may 
meet. 

A Study of Changer Functions 
Rather than try to study record 

changers as an entirety, we shall break 
down their operations into separate 
functions. This study of individual ac- 
tions is desirable because it will show 
you how to concentrate on one particu- 
lar action at a time. This is usually 
necessary in servicing these devices, 
because, in most instances, only one 
particular operation of the changer will 
be out of order. If you know how that 
operation should be carried out, it will 
be much easier for you to see just what 
adjustments are necessary to correct 
the difficulty. 

RECORD PLAYING 

Let's start our study of a changer 
with one record on the turntable and 
the pickup arm on this record in a 
playing position. This is a logical place 
to start, because none of the changer 
mechanism is in operation. The motor 
is revolving the turntable and the rec- 
ord, and the pickup needle is following 
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the record groove. To permit the needle 
to track properly on the record, the 
pickup arm is freed from the changer 
mechanism as much as possible. 

The conditions while the record is 
being played are shown in Fig. 1A. The 
pickup arm is gradually approaching 
the center hole of the record because 
the spirally cut playing groove of the 
record gradually draws the needle to- 
ward the center hole. For several rea- 
sons, this spiral groove cannot be con- 
tinued right up to the middle of the 
record. The most important reason is 
that the groove velocity would be en- 
tirely too high for the needle to follow 
the variations. Therefore, the actual 
recording ends about two inches from 
the center spindle. The recording is 
followed by a few more turns of the 
spiral groove containing no recording, 
then the last turn of the spiral groove 
feeds into an eccentric groove. 

As shown in Fig. 1A, this eccentric 
groove is off -center with respect to the 



are arranged to trip when the pickup 
arm gets close enough to the center 
spindle. Others depend upon the fact 
that the motion of the pickup arm is 
reversed during a portion of the eccen- 
tric groove travel. Still others depend 
upon the velocity at which the pickup 
arm moves toward the center spindle. 
We'll describe all types. 

Fig. 2 shows how the motion of the 
pickup arm is conveyed to the trip as- 
sembly. The pickup arm is mounted 
on a hub that is fastened to a hollow 
shaft. The weight of the pickup arm 
is carried on ball bearings above a 
support post that is a part of the motor 
shelf (or motor board, so called be- 
cause the motor is suspended from it.) 

Attached to the end of the hollow 
shaft is a trip lever. This may be an 
individual lever, or may be part of the 
arm crank that is used to move the 
pickup arm back and forth when the 
automatic mechanism is operating. In 
any case, as shown in B, a motion of 
the pickup arm causes a similar motion 
of the trip lever underneath the motor 
board. 

We cannot have a heavy trip lever, 
because the pickup arm, while playing 
the record, must be held back as little 
as possible so that it can easily follow 

center hole-the distance W is less than 
the distance X. In Figs. 1B, C, D, E, 
F, and G, we have shown what happens 
when the pickup needle enters the ec- 
centric groove. Because this groove is 
off -center, the pickup arm is rapidly 
brought in toward the center spindle as 
shown in B, C, and D. Then, as the 
groove continues its rotation, the pick- 
up arm is moved rapidly away from 
the center spindle. In other words, in 
E, F, and G, the direction of movement 
of the pickup is reversed from the 
normal direction that it has had 
throughout the playing of the record. 
This eccentric groove is endless, so the 
pickup arm oscillates back and forth in 
this same manner until it is taken from 
the record either by hand or by the 
record changer mechanism. As we said 
earlier, this motion of the pickup arm 
in the eccentric groove is used to actu- 
ate the trip mechanism that allows the 
changer mechanism to regain control of 
the arm. 

TRIP MECHANISMS 

Because the pickup arm is forced to 
move close to the center spindle by the 
eccentric groove, some trip mechanisms 

LANDING 
SPACE 

FIG. 1. How the eccentric groove on a record swings the pickup arm in and out at the end of a 

record. 
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the spiral groove on the record. There- 
fore, the trip lever is an exceedingly 
lightweight arm that is used to actuate 
another arm or lever, thus starting the 
record -changing operation. 

Incidentally, in a number of our 
drawings, we shall look down upon the 
operation as if we could see through 
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FIG. 2. How the trip lever is attached to the 

pickup arm. 

the motor shelf from the top of the 
turntable. This helps in seeing just 
what goes on, but you must remember 
that the action will be reversed when 
you are watching the parts from under- 
neath. We are also going to show some 
drawings of the mechanisms viewed 
from underneath so that you can be- 
come familiar with their appearance in 
this orientation. 

Eccentric Trips. Now that you 
have a general idea of how the pickup 
arm can move a trip lever, let's see how 
the trip lever can be used to start the 
change action when the pickup needle 
gets to the eccentric groove. Fig. 3 

shows one of the systems that operates 
when the pickup arm reverses its 
normal motion. As shown here, the arm 
shaft connects to a trip lever. At the 
end of this lever is a trip pawl. The 
pawl swivels on a bearing, and a spring 
holds a stop on the end opposite the 
finger against a cut-out in the trip 
lever. 

While the record is playing, the 
normal motion of the trip pawl is to 
the left in this figure. We are looking 
upon this action from the top. During 
most of the playing of the record, the 
trip pawl is not even engaged with the 
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teeth on the ratchet lever. However, 
as the end of the record is approached, 
the trip pawl engages the teeth on the 
ratchet lever. The spring holding the 
trip pawl is relatively weak, and the 
direction of the trip lever mechanism 
is such that the trip pawl tends to slide 
over these teeth (Fig. 3B). As long as 
it moves to the left, it will merely slide 
over the teeth. As the spiral groove 
brings the pickup arm closer and closer 
to the center, this pawl moves along 
tooth after tooth of the ratchet lever. 

When the pickup arm enters the ec- 
centric groove, it will move in the 
opposite direction during a portion of 
the rotation, as you learned from Fig. 
1. When the motion is to the right, the 
trip pawl cannot escape the teeth. 
Therefore, the trip pawl is rotated 
toward a position in line with the trip 
lever (Fig. 3C). This increases the dis- 
tance the end of the pawl projects 
beyond the trip lever. The pawl then 
forces the toothed end of the ratchet 
lever away from the trip lever. (The 
distance E in Fig. 3C is greater than D 
in Fig. 3B ; and since the trip lever can - 
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FIG. 3. One trip mechanism. 

not shorten, the ratchet arm is forced 
to move away from it.) The movement 
of the ratchet lever releases the mech- 
anism, as we shall show a little later. 

Another eccentric groove trip is 
shown in Fig. 4. This time we are 
showing the view as you would see it 
from underneath the record changer, 
so the direction of the trip lever is re- 
versed. In this system, a trigger is held 



by spring pressure against a trigger 
ledge on the ratchet arm. If the end of 
the ratchet arm with the teeth is 
pushed upward, the trigger can escape 
from the trigger ledge, allowing it to 
drop downward and thus move the 
"bell crank" to engage the changer 
mechanism. The trip pawl, as it moves 
to the left (Fig. 4A) engages the teeth 
on the ratchet arm (Fig. 4B). Then, 
when the eccentric groove forces the 
trip lever to move in the opposite direc- 
tion (Fig. 4C), the trip pawl straight- 
ens up and pushes on the ratchet arm. 
This moves the ratchet arm in the 
direction shown by the arrow, allowing 
the trigger to drop downward. 

Positional Trip. Incidentally, this 
same changer also has a positional trip. 
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FIG. 4. Another eccentric trip. 

That is, it is so arranged that should 
the eccentric trip fail to operate, the 
device will automatically trip anyway 
when the pickup arm reaches a fixed 
position from the spindle. The mechan- 
ism for this is shown in Fig. 5. An ad- 
justable screw called a limit stop is 
fixed to the trip lever. If the trip lever 
moves far enough counter clockwise in 
Fig. 5, this stop will strike the lower 
end of a pivoted fork called a trip link. 
If this happens (it can happen only if 
the trip pawl has not yet moved the 
ratchet arm), the trip link will pivot 
clockwise, moving the ratchet arm and 
releasing the trigger. 

Velocity Trip. Fig. 6 shows one of 
the velocity systems. There are many 
styles of these, but practically all of 
them depend upon some friction device 
that does not trip the mechanism until 

the pickup arm travels inward at high 
speed, as it does in the eccentric groove. 

In Fig. 6, the pickup arm is coupled 
through a link to a friction plate. 
Therefore, the friction plate is pushed 
clockwise in this figure. This motion 
is transferred to the trip arm through 
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FIG. 5. A positional trip. 

a friction pad that is between the fric- 
tion plate and the trip arm. The 
amount of friction here is very little, 
but it is sufficient to move the trip arm 
clockwise. There is a projection called 
a striker on the spindle at the center of 
the turntable. This striker moves 
clockwise in this illustration. As the 
trip arm moves during the playing of 
the record, the end of the trip lever is 
brought to where the striker can hit it. 
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FIG. 6. A velocity trip. 

This feed -in of the trip lever is very 
slow. As a result, just the very tip 
end of the lever is eventually hit by the 
striker on one of the revolutions of the 
spindle. When the striker hits the trip 
lever such a slight and glancing blow, 
the trip lever jumps back away from 
the striker. The amount of friction be - 
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tween the trip arm and friction plate is 
such that the trip lever can thus escape 
from the striker during the normal 
playing of the record. 

However, when the eccentric groove 
is reached, the pickup arm moves in 
toward the spindle very rapidly. As a 
result, the friction plate moves the trip 
arm in rapidly, so the trip lever is 
moved well over in front of the striker 
during a single revolution of the spin- 
dle. As a result, the striker now hits 
the side of the trip lever a full blow. 
The trip lever cannot now escape, 
because the pressure is no longer ap- 
plied to its end but is applied to its side. 
Therefore it pivots at its junction with 
the trip arm, forcing its other end to 
the left in the slot in the trip bar. The 
trip bar is then forced to move to the 
left and thus engages the mechanism. 

To sum up what we have learned: 
The eccentric groove that is cut on all 
modern records is used to notify the 
automatic mechanism that the end of 
the record is reached. Through a trip 
mechanism that depends on the waving 
back and forth produced by the eccen- 
tric groove, or on the velocity of travel 
during the eccentric motion, or on the 
fact that the pickup arm is brought 
within a preset distance from the spin- 
dle, some tripping mechanism is actu- 
ated that allows the automatic mech- 
anism to go into action. In every 
instance, a trip lever or mechanism 
attached to the pickup arm (light in 
weight so that it puts no real restric- 
tion on the pickup arm motion) trans- 
fers the eccentric motion through other 
levers to a mechanism that allows the 
turntable motor to operate the changer 
mechanism. 

Of course, as you might expect, there 
are many variations on these basic 
devices. There are even some types in 
which a switch is closed by the tripping 
mechanism, and the actuating system 
is electrical. However, regardless of 

the system, all tripping mechanisms 
have the purpose of initiating the 
changer action. And they all have their 
troubles-they fail to trip, or trip too 
early, depending upon their adjust- 
ment, the tensions of their associated 
springs, etc. We will discuss some of 
these troubles later in this Lesson. 

THE MAIN CAM 
It is necessary that all the changer 

actions be synchronized with each 
other-the pickup arm must be re- 
moved at the proper time, just before 
the next record drops into position; 
and, once the record has dropped, the 
pickup must be brought back. To con- 
trol these actions simultaneously, 
changer mechanisms are arranged so 
that the entire cycle is controlled by a 
single main cam or by a single drive 
mechanism that operates all the cams 
simultaneously. 

Fig. 7 shows the top and bottom 
views of a typical main cam. The top 
view is shown at the left. Notice that 
there are a number of grooves, rims, 
and raised ledges on this wheel, all of 
which are used to control, individually, 
some particular portion of the changer 
operation. 

To prevent the main cam wheel from 
rotating when power is not applied, 
usually some form of detent is used 
to latch the wheel in the out -of -cycle 
position. In the example shown in Fig. 

Courtesy Motorola, Inc. 

FIG. 7. A typical main cam wheel. 
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FIG. 8. One way of supplying power to the 
main cam wheel. 

7, notice the detent notch at the left 
edge in the top view. A stud on the end 
of a lever fits into this notch until 
power is applied. This stud is with- 
drawn when power is applied so that 
the main cam can rotate and control 
the mechanism. At the end of the 
cycle, the stud is traveling on the rim, 
and falls into this detent notch just as 
at the end of the cycle to hold the main 
cam wheel motionless again. 

There are almost as many ways of 
supplying power to the main cam 
wheel as there are record -changer sys- 
tems. Fig. 8 shows the method used for 
the particular cam that we have shown 
in Fig. 7. First, if you will examine 
the bell crank assembly, you will find 
that the lower end has a stud that fits 
into the detent notch on the main cam 
wheel. The upper end of the bell crank 
assembly is fastened to a drive arm 
assembly. On this drive arm is a drive 
pulley that operates a small gear. This 
gear drives an idler gear that is meshed 
with the gear teeth on the main cam 
wheel. 

When the ratchet arm moves away 

so that the trigger can fall downward, 
the bell crank moves in accordance 
with this motion. As a result, the lower 
end of the bell crank is moved outward 
so that the stud moves out of the detent 
notch; at the same time, the drive 
pulley and the whole drive arm assem- 
bly are forced over by the movement of 
the upper end of the bell crank so that 
the drive pulley touches the turntable 
rim. Since the turntable is being driven 
by the motor, the drive pulley starts 
to rotate, driving the main cam wheel 
through the gear train. 

When the changer has run through 
its entire cycle and the pickup arm is 
being put back on the record for play- 
ing, the main cam wheel rotates to a 
position where a raised section on the 
wheel engages the trigger and forces it 
upward. When the trigger reaches the 
proper position, the spring on the lower 
end of the ratchet arm pulls the shelf 
under the lip of the trigger, resetting 
the trigger for the start of the next 
cycle. 

The trigger is connected to the bell 
crank by a very heavy spring. When 
the trigger is reset, this spring would 
force the bell crank to pull the drive 
mechanism out of contact with the 
turntable rim, except that at that in- 
stant thè stud on the end of the bell 
crank is riding on the rim of the main 
cam wheel, which holds the bell crank 
so that the drive mechanism still oper- 
ates. When the detent notch comes 
around, however, the stud on the bell 
crank falls into this notch; this allows 
the upper end of the bell crank to pull 
the drive pulley away from the turn- 
table rim. The main cam wheel does 
not turn again until the end of the 
next record or until a reject button is 
depressed to release the trigger again. 

Another system is shown in Fig. 9. 
The tripping mechanism is that shown 
in Fig. 3, but this time the drawing is 
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such that we are looking at the mech- 
anism from the bottom. 

When the trip pawl engages the 
ratchet lever, the left-hand end of the 
lever in Fig. 9 is forced downward, 
which raises the right-hand end. This 
frees the drive cam pawl and also takes 
a stud on the ratchet lever out of a 
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FIG. 9. The ratchet lever holds the drive -cam 
panel away From the motor wheel until the trip 

mechanism is actuated. 

detent on the main cam, much as in 
the system we just described. 

However, the drive mechanism is a 
little different here. The motor wheel 
is actually a form of gear having a 
number of slots cut in it. This turns 
all the time. The drive cam is a circu- 
lar wheel mounted over the motor 
wheel. On the drive cam is a drive cam 
pawl, which has a latch -in stud on it 
that will fit into the slots on the motor 
wheel when the drive cam pawl is re- 
leased. Attached to the drive cam is a 
small gear that has teeth engaged with 
the main cam. 

Therefore, when the ratchet lever 
releases the drive cam pawl, the spring 
S pulls the drive cam pawl over so that 
its latch -in stud engages the motor 
wheel. When this happens, the motor 
wheel revolves the drive cam, which 
in turn revolves the small gear and 
drives the main cam. 

Meanwhile, the ratchet lever is held 
up from the position in which it en- 
gages the drive cam pawl, because a 
bump on the lever is riding on the rim 
of the main cam detent. When this 
bump reaches the notch of the detent, 
the ratchet lever spring pulls the lever 

down into the notch. This brings the 
right-hand end of the ratchet lever 
down in front of the approaching drive 
cam pawl. As soon as the drive cam 
rotates sufficiently for the ratchet lever 
to engage the pawl, the pawl stud is 
pulled away from the motor wheel; 
this stops the driving of the mechan- 
ism. 

Fig. 10 shows an electrical system for 
controlling the application of power to 
the main cam. In this system, there is 
a main drive wheel, practically the 
same size as the main cam, that is 
adjacent to the main cam. On the main 
cam there is the drive pawl shown in 
Fig. 10. This pawl cannot engage the 
teeth on the drive wheel until the arm- 
ature of the relay R is moved away 
from the upper end of the drive pawl. 
When the tripping mechanism closes 
a switch, power is applied to the relay, 
which draws away the armature and 
allows the drive pawl to be pivoted so 
that it engages the teeth on the main 
drive wheel. The main cam is then 
driven by the main drive wheel through 
the pawl. At the end of the cycle, the 
armature, which is released by now, is 
in a position to engage the end of the 
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FIG. 10. A basic electrical system. 

drive pawl and thus withdraw it from 
contact with the main drive wheel. 

Fig. 11 shows another type rather 
similar to that shown in Fig. 10 except 
that the trip mechanism is mechanical. 
This trip mechanism holds the drive 
dog up from the drive wheel (Fig. 11A) 
until the trip is actuated. The trip then 
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moves out of the way, allowing the 
drive dog to drop down (Fig. 11B). 
The drive wheel has a series of bosses 
or raised projections on it; one of these 
catches the drive dog and thus forces 
the rotation of the main cam. At the 
end of the cycle, the drive dog is lifted 
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FIG. 11. Another drive -wheel system. 

by the resetting of the trip mechanism, 
and the main cam is disengaged. 

Now that we have arranged for the 
end of the record to signal the start 
of the automatic operation, and have 
learned how power can be applied to 
the automatic mechanism, let's go on 
and see how each individual action is 
carried out by the mechanism. Remem- 
ber, we have to elevate the pickup arm 
and lower it, move it in and out, and 
drop the record to the playing surface. 
Although we shall break these down 
into individual actions, always remem- 
ber that many of the processes may be 
combined so that a single master lever 
can perform several of these actions 
simultaneously. However, once you 
understand basically how each action 
is carried out, it will be rather easy for 
you to pick out and study that part of 
the operation of any record changer 
you may service. 

PICKUP ARM ELEVATION 
During each cycle, the pickup arm 

must be lifted and lowered. The ar- 
rangement for elevating the pickup 
arm is ordinarily separate from all the 
other functions. Fig. 12 shows two of 
the more popular systems. 

In the system shown in 12A, the 
main cam has a cut-out space in it into 

which the end of the lift lever fits while 
the pickup arm is on the record. The 
lever is shown in this position. When 
the end of the record is reached, the 
main cam rotates. The end of the lift 
lever then rides up on a raised ledge on 
the cam. This depresses the left end of 
the lever, which means that the right 
end of the lever goes up. This right 
end presses against a bearing plate and 
so moves a push rod upward through 
the center of the hollow shaft. The 
pickup arm is fastened at bearing A. 
Therefore, when the push rod moves 
upward, the needle end of the pickup 
arm is lifted. Other mechanisms then 
move the arm out of the way and 
drop the next record. When the arm is 
moved back into the playing position, 
the main cam is completing one revo- 
lution, bringing the notch on the cam 
ledge back into position over the left- 
hand end of the lift lever. This end of 
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FIG. 12. Two basic elevator mechanisms. 

the lever then rises, lowering the push 
rod and allowing the pickup arm to 
drop to the record. The main cam is 

then stopped so that it cannot rotate 
farther until the end of the record. 

In the system shown in Fig. 12A, the 
push rod is threaded so that the bear- 
ing plate can be moved up or down. 
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This makes it possible to adjust the 
vertical movement of the push rod and 
consequently of the pickup arm. If 
the pickup cannot come down far 
enough to allow the needle to touch 
the record, then the bearing plate is too 
far down on the push rod. On the 
other hand, if the arm does not bring 
the needle up far enough to clear a 
stack of records on the turntable, the 
bearing plate is too high on the push 
rod. The latter condition is more com- 
mon; it is corrected by lowering the 
bearing plate by screwing it downward 
on the push rod. In some systems, a 
nut follows the bearing plate and is 
used to lock it into position; in others, 
there are set screws in the hub of the 
bearing plate that are used to lock it. 

The system shown in Fig. 12B is 
the same except that it is practically 
the inverse of that shown in A. Here, 
when the "lift cam" rotates, the left 
end of the lift lever is forced up, which 
pulls the lift rod down. Since the lift 
rod is bent at the top and attached 
behind bearing A, a downward move- 
ment of the lift rod pulls down on the 
rear end of the pickup arm and raises 
the needle end. 

This mechanism can also be ad- 
justed by moving the bearing plate up 
or down on the lift rod. Moving the 
bearing plate upward in this case pro- 
vides a greater lift. 

Fig. 13 shows two other basic sys- 
tems of this kind. A cord is used in 
Fig. 13A to provide the lift. The cam in 
this case has an eccentric slot cut in it. 
The end of the lift lever moves in this 
slot. When the slot moves the lever 
toward the left, it pulls on the cord 
and so lifts the arm. Then, when the 
slot permits the lever to move to the 
right, the cord slackens and allows the 
pickup arm to drop. This system is 
usually adjusted at the point where 
the lift cord attaches to the lift lever. 
This end of the cord is normally at- 

tached to a threaded rod that can be 
run in or out of a bracket, effectively 
adjusting the length of the cord. 

The system shown in Fig. 13B is the 
simplest of all. Here, the cam is di- 
rectly under the push rod. As the cam 
rotates, the push rod is forced directly 
upward by the shelf on the cam edge, 
lifting the pickup arm. Simple systems 
such as this are found in the less expen- 
sive changers. They work as long as 
the tolerances in parts are carefully 
controlled, but there is usually little or 

FP ARM BEARING A 

BEARING B ARM CRANK 
.,,....... 

LIFT 
LEVVERER 

PULLEY O 
CAM 

LIFT CORD 

HOLLOW SHAFT 

FIG. 13. Two more elevator mechanisms. 

no means for adjustment. In the style 
shown here, the only manner of ad- 
justing is to bend the push rod at the 
top. Any such bending operation is 
rather critical, since the rod is liable 
to break. 

PICKUP ARM ROTATION 

Now that you know various meth- 
ods of elevating the pickup arm, let's 
see how the arm can be carried into 
the proper playing position and then 
removed at the end of the record. 

In Figs. 12 and 13, you will notice 
a projection at the bottom of the hol- 
low shaft labeled "arm crank." Mov- 
ing the arm crank to the right or left 
will move the pickup arm similarly, 
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because they are connected by the hol- 
low shaft. Therefore, all we need is to 
arrange for the arm crank to be con- 
trolled by the changer mechanism so 
that the pickup arm is moved in the 
desired manner. 

To see the general way that this 
control is exerted, study Fig. 14. The 
arm crank is connected at bearing A to 
the pickup arm. The other end of the 
arm drank has a finger that is in an 
eccentric groove in the main cam. (To 
get a general idea of what some of these 
grooves look like, examine Fig. 7.) 
Let's suppose the eccentric groove has 
the shape shown in Fig. 14A. When the 
cam rotates around its bearing, marked 
C, it causes the finger on the arm 
crank to move so that it follows the 
groove. In Fig. 14A, the changer is in 
cycle and the finger of the arm crank 
is farthest from bearing C, which is 
at the center of the turntable. There- 
fore, the pickup arm is as far as it can 
be from the center bearing and is off 
the record completely. 

Further rotation of the cam brings 
the groove to the position shown in 
Fig. 14B. The shape of the groove is 
such that the finger on the arm crank 
is now brought closer to the bearing 
C, bringing the pickup arm over the 
edge of the record. The elevator mech- 
anism now allows the pickup arm to 
drop on the edge of the record just as 
the eccentric groove moves to the posi- 
tion where the finger enters the wide 
spacing of the groove. The finger is 
now released, because the cam ceases 
to rotate. The pickup needle now fol- 
lows the record grooves, and except for 
moving the pickup arm, the trip, and 
the arm crank, the pickup is entirely 
divorced from the player mechanism. 

As the needle is drawn toward the 
center of the record by the record 
groove, the arm crank moves through 
the free space. This space on our 
imaginary assembly is wider than the 

rest of the eccentric groove so that 
there is no interference with the move- 
ment of the arm crank. 

At the end of the record, the trip 
mechanism goes into operation and 
starts rotation of the cam. The posi- 
tion of the arm crank just before this 
moment is shown in Fig. 14C. As the 
cam rotates farther, the finger on the 
arm crank enters the groove. When 
the elevator has lifted the arm from 
the record, continued rotation of the 
cam toward the position shown in Fig. 
14A rapidly moves the pickup arm out 
of the way so that the next record can 
be dropped. 
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FIG. 14. A basic pickup arm left -to -right 
motion control. 
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The system shown in Fig. 14 is 
basically that used in all changers. 
However, the actual mechanism is 
considerably more involved than we 
have shown, because we must arrange 
for the pickup arm to be brought to 
the proper position for either 10 -inch 
or 12 -inch records. 

If there were only one record size 
to be played, we could easily adjust 
the position at which the arm lands 
(the only critical factor) by adjusting 
the angle of the arm crank with respect 
to the pickup arm. However, we do 
have two record sizes. Let's look at 
some of the basic systems used to 
make it possible to shift from one to 
the other. 

10-12 LANDING SHIFT 

Fig. 15 shows one way of adjusting 
the position at which the pickup arm 
will land. An additional T-shaped 
crank is used between the arm crank 
and the groove in the cam. This T 
crank can be moved to either of two 
positions by rotating the control cam 
attached to it. 

CONTROL BEARING 
CAM D 

FIG. 15. A T -crank is used here to provide the 
landing adjustment for either 10- or 12 -inch 

records. 

In Fig. 15A, the T crank is in one of 
its two possible positions. As the cam 
rotates, the groove moves the finger 
on the end of the T crank, which 
transfers this motion directly to the 
arm crank and thus to the pickup arm. 
The T crank is able to follow the ec- 
centric groove because a slot on the 
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crank permits it to move in ell direc- 
tions with respect to its bearing D. 

To change the landing position from 
the 12 -inch to the 10 -inch position, the 
control cam in Fig. 15A is rotated 
180°. This moves bearing D from one 
side of the control cam to the other, as 
shown in Fig. 15B. The T crank must 
now move along this new position. In 
Fig. 15B, the original positions of the 
T crank, arm crank, and pickup are 
shown in dotted lines. As you can see, 
the pickup arm now has a new position 
although the finger on the T crank is 
still in the same place on the eccentric 
groove. This means that the pickup 
arm will land in a different place when 
it is dropped by the changer mechan- 
ism. In this particular case, it will 
land an inch nearer the center of the 
turn -table, in the proper place for a 
10 -inch record. 

A system of this sort usually has 
only one adjustment: the fastening be- 
tween the arm crank and the pickup 
arm can be adjusted to make the pick- 
up land properly on either a 10 -inch 
or a 12 -inch record. The pickup should 
then also land properly on a record of 
the other size when the control cam is 
turned to the other position. 

Fig. 16 shows another basic system. 
Here, the cam has a raised ledge W 
that is eccentric with respect to the 
cam bearing C. The arm lever, which 
pivots about bearing E, is held against 
the side of this ledge by the spring S. 
The arm lever is therefore swung in 
and out by the eccentric ledge as the 
cam rotates. 

Under the conditions shown in Fig. 
16, the record is being played and the 
cam is motionless. This figure is drawn 
so that we are looking down through 
the top of the motor mounting board. 
The pickup (shown dotted here) is 
connected to the pickup arm crank 
at the bearing A, as in the systems we 



have studied up to now. When in the 
position shown, the arm crank is not 
restricted at all, so the pickup arm is 
free to follow the record grooves. 

The end of the arm crank has a 

BEARING 
CUT-OUT A 

PICKUP 
ARM CRANK 

ARM LEVER 

FIG. 16. Compare the operation here with that 
in Fig. 17. 

finger that protrudes through the cut- 
out in the arm lever. As the pickup 
nears the end of the record, the mech- 
anism is tripped, so the cam starts 
to turn. The pickup arm is elevated 
from the record by operation of the 
elevating mechanism, then the rota- 
tion of the ledge W begins to move the 
arm lever to the right. Soon end Y of 
the cut-out bears against the finger 
of the arm crank, thus forcing the arm 
crank to move to the right also. In 
turn, this swivels the pickup arm out 
of the way in the same direction. 

When the next record has dropped, 
and the arm lever begins to return 
toward the position shown here, end Z 

of the cut-out presses against the 
arm crank finger and thus brings the 
pickup arm back in toward the edge of 
the record. At the proper point in the 
cycle, the elevator mechanism lets the 
pickup arm down on the record edge. 

The operation just described is the 
one that occurs when a 10 -inch record 
is played. Fig. 17 shows what happens 
when the mechanism is set to handle 
12 -inch records. The mechanism 

used to control the size setting of the 
changer has either an arm or a pin that 
can be dropped down in front of a 
finger on the arm lever. When this pin 
is up or out of the way, as it is when 
the size control is set for 10 -inch rec- 
ords, the arm lever bears directly on 
the ledge W at all times. However, if 
the control is set for 12 -inch records, 
the pin (labeled stop H in Fig. 17) is 
dropped into place while the arm lever 
has the pickup arm at its extreme 
right-hand position. Then, as rotation 
of the eccentric ledge W brings the arm 
lever to the left, the lever strikes stop 
Hf; it can then travel no farther to the 
left. This position is the proper one 
for the 12 -inch record size while the 
pickup arm crank finger is against side 
Z of the cut-out. 

Now let's see what the cycle of 
operation of this mechanism is when 
it is set for 12 -inch records. During 
the playing of the record the pickup 
arm crank finger moves through the 
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FIG. 17. Compare this 12 -inch landing arrange- 
ment with the 10 -inch one in Fig. 16. 

cut-out opening to approach side Y. 

When the mechanism is tripped, the 
pickup arm is elevated. However, the 
arm lever cannot move until ledge W 
comes over and bears against it. Then, 
however, it is carried to the right to the 
same extreme position as before. Then, 
when the next record drops, the ledge 
W allows the arm lever to return as far 



Courtesy Farnsworth Tele, and Radio Corp. 

FIG. 18. A bottom view of a changer using the 
system described in Figs. 16 and 17. 

as stop H. The arm is held here by the 
stop while the cam continues to rotate, 
and the pickup arm is allowed to be 
lowered to the record surface. 

At either setting of the mechanism, 
then, the ledge W always moves the 
arm lever sufficiently to remove the 
pickup arm from the turntable vicinity 
so that the next record can be placed 
in position. On the return of the pickup 
arm, the arm lever either rides on ledge 
W for the 10 -inch landing position, or 
is stopped by stop H for the 12 -inch 
landing position. Once the pickup arm 
has been lowered to the record, the arm 
crank is entirely free of the changer 
mechanism and progresses through the 
cut-out space. 

Fig. 18 shows a picture of a changer 
that uses this operation. Notice that 
much of the mechanism we have de- 
scribed is hidden by levers and support 
plates. Notice, also, that this is a 
photograph from the bottom, so it is 
the reverse of our drawing. 

There are numerous other systems 
for bringing the pickup arm in to the 
record edge and removing it so that the 
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next record can be put into place. In 
general, all systems use eccentric 
grooves, eccentric ledges, or eccentric 
screw mechanisms to make the pickup 
arm move through the proper motions. 
Some systems use a double groove on 
the cam, one groove for 10 -inch and 
one for 12 -inch records, and have ar- 
rangements whereby the arm crank 
finger can be switched from one groove 
to the other. Basically, however, all 
of them go through the actions we 
have just demonstrated. 

RECORD -DROPPING SYSTEMS 

So far, we have learned how the 
pickup arm is moved in and out and 
how it is raised and lowered. Next, let's 
see how records are fed one at a time 
from the storage system into the play- 
ing position. In general (except for a 
few complex types that play both sides 
of records), all changers made today 
drop records from storage above the 
turntable. The differences between 
them are in the means of separating 
the bottom record from the group and 
of supporting the stack. 

There is probably more difference 
between changers in this particular 
item than in any other. Basically, there 
are two methods of separating the 
bottom record from a stack so that it 
can be put into playing position. In 
one system, support shelves originally 
hold up all the records. As the changer 
goes into operation, a set of knives is 
inserted in the record stack between 
the bottom record and those next above 
it. Then the supports are withdrawn, 
allowing the bottom record to drop 
onto the turntable. The knives then 
support the group. 

Once the bottom record has been 
dropped into playing position, the sup- 
port shelves are returned and the 
knives withdrawn, allowing the record 
stack to drop down onto the shelves. 



The system is now ready for the knives 
to separate the bottom record of this 
stack on the next playing sequence. 

In the other system, the bottom rec- 
ord is pushed off a supporting ledge, 
which then catches the remaining rec- 
ords. 

Let's now turn to several typical 
changers and see just how they work. 
We can divide them into single -post, 
two -post, and three -post types. 

SINGLE -POST CHANGERS 

Figs. 19 and 20 show pictures of two 
basic single -post record changers. On 
these changers the records are sup - 

Courtesy Motorola. Inc. 

FIG. 19. A single -post, straight -spindle record 
changer. 

ported by an offset ledge on the center 
spindle and by a single side post or 
platform. In the style shown in Fig. 
19, the spindle is straight; the one 
shown in Fig. 20 has a "bent" spindle. 

Straight -Spindle Types. Fig. 21 
shows more details of a single -post 
straight -spindle changer. A section of 
the spindle at the center of the turn- 
table is cut out to form a shelf. At the 
rear of this shelf is a guide trigger 
that makes the records move in the 
direction of the support head as they 
feed down the spindle. The records are 
thus supported at their center hole 
by the shelf on the spindle and at one 
outside edge by the support head. FIG. 21. 
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Courtesy Webster -Chicago 
FIG. 20. A single -post, bent -spindle record 

changer. 

Two systems of making the bottom 
record drop down the spindle onto 
the turntable are in use. In one, opera- 
tion of the changer mechanism makes 
a trigger protrude from the support 
head when the pickup arm has been 
moved out of the way. This trigger 
pushes the bottom record to the left 
so that its center hole lines up with 
the spindle and its edge is off the sup- 
port head. Unsupported, the record 
spirals down the spindle to the turn- 
table. The trigger withdraws into the 
support head, and the next record in 
the stack drops down onto the shelf 
and onto the lip of the support head 
at the same time. 

When the record that dropped fin- 
ishes playing, the cycle is repeated and 
the next record is dropped. 

In this particular system, the adjust- 
ment for 10- or 12 -inch records is made 
by rotating the support head. By com- 
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Details of a straight -spindle changer. 



Courtesy Motorola Corp. 

This shows how the guide trigger retracts as 
records are lifted up the spindle to remove them 
from the changer. The trigger drops into play- 
ing position, however, as records feed down the 

spindle. 

paring the distances from the support 
post to each of the record ledges in 
Fig. 21, you will see that the ledge 
marked 10 is spaced farther from the 
post than the ledge marked 12. There- 
fore, the 10 -inch ledge extends closer 
to the spindle, and is just the right 
distance away for 10 -inch records. 
When the support head is rotated 180°, 

Three of the many methods of actuating a trigger 
to push a record off the ledge of a support head. 
At A, the cable C is pulled by an arm traveling 
in a groove on the main cam, and this motion 
forces the trigger T to protrude. At B, the cam 
C is rotated by a shaft that runs down the support 
post; this forces the triggers T to protrude be- 
cause of the eccentric cut of the cam. At C, the 
gear G is rotated to force the triggers T to pro- 
trude, then the direction of gear rotation is 
reversed to pull them back in. The types at A 

and B are pulled back in by springs. 
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the 12 -inch ledge is the right distance 
from the spindle to accommodate 12 - 
inch records. 

Some changers of this sort have a 
link mechanism down the support post 
column so arranged that rotating the 
support post head also adjusts the 
mechanism underneath to make the 
pickup arm land at the proper place 
for a 10 -inch or 12 -inch record. In 
others, it is necessary to set the support 
head and then throw a switch to adjust 
the landing point of the arm. 

When the records have all been 
played, the support post is turned to 
a neutral position in which the shelves 
are out of the way. (Incidentally, this 
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FIG. 22. Details of a cam system of aligning 
records with the spindle. 

is the position to which the support 
post is turned when the record changer 
is played manually.) Then, the stack 
of records is lifted up the spindle. On 
most models, the guide trigger on the 
back of the spindle slides into a slot 
in the spindle and thus out of the way 
as the records are lifted upwards. 

Another style of single -post straight - 
spindle changer uses an eccentric cam 
to take the bottom record off the stack. 
Details of its construction are shown 
in Fig. 22. The spindle is hollow and 
has within it a drive shaft to which is 
fastened the cam. This drive shaft is 
offset toward the rear of the spindle 

0 



so that the cam will move in an eccen- 
tric fashion with respect to the spindle. 

When the cam is in the position 
shown in Fig. 22A, it is lined up with 
the bottom portion of the spindle. It 
then acts as the top of the spindle 
to form a shelf upon which the records 
rest. As in the system just described, 

The eccentric cam drive in Fig. 22 is attached to 
the gear G. This is driven here by the drive H, 
that in turn operates from a groove in the main 
cam. The drive works in one direction, then 
runs back to return the cam to its initial position. 

the guide trigger directs the records, as 
they move down the post, onto the 
shelf furnished by the cam and onto 
the lip of a support head. 

Let's suppose records have been 
loaded onto the mechanism as shown 
in Fig. 22A. When the changer first 
starts to operate, and the pickup arm 
is out of the way, the cam above the 
spindle is rotated by its drive shaft to 
the position shown in Fig. 22B. This 
brings it directly under the center hole 
of the bottom record, which then drops 
over the cam. The cam is not quite as 
thick as a standard record, so no more 
than one record can get onto it. The 
cam then rotates back to the position 
shown in Fig. 22A, dragging the bottom 
record with it and off the lip of the sup- 
port head. When the cam is lined up 
with the spindle again (Fig. 22A), the 
record drops down the spindle to the 
turntable, and the next record is sup- 
ported by the cam. 

The storage mechanism of this type 
of changer, like that of the one pre- 
viously described, is adjusted for rec- 
ord size by rotating the support plat- 
form. 

The Bent -Spindle Changer. Fig. 
23 shows a variation on the single -post 
changer. The spindle is like the others 
in that it has a shelf and usually a 
guide trigger. However, it has a bend 
in it that permits a somewhat different 
construction and action. The records 
feed down the spindle and over the 
trigger so that the shelf on the spindle 
supports them. The outer edges of 
the records are supported by a record 
head, which has a shallow notch into 
which the bottom record fits. The ac- 
tuating means for getting the records 
to feed down the spindle is in the rec- 
ord head itself-the head and its sup- 
port post move toward the spindle. 
When the head moves forward, the 
bottom record is pushed forward also 
by the back edge of the notch in the 
head; the rest of the records, however, 
slide back along the platform in the 
head just above the notch. When the 
center hole of the bottom record lines up 
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HG. 23. A bent -spindle type. 

with the spindle, the record feeds down 
the spindle. ln going around the bend 
of the spindle the record is pulled away 
from the record head so that it falls 
free onto the turntable. 

The next record then drops down 
on the shelf of the spindle. At the 
end of the playing cycle, the record 
head moves back away from the spin- 
dle, allowing the bottom record to drop 
into the notch in the head. It then 



moves forward again, pushing the next 
record off the spindle shelf. 

In the type shown in Fig. 23, the 
record head is revolved to play 12 - 
inch records. Sometimes a switch or 
button must be actuated to cause the 
pickup arm to drop in the right posi- 
tion with this system. 

OVERLAY 
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IO"RECORDS 
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RECORD 
HEAD 

le RECORDS 

TRIGGER 

FIG.24. This bent -spindle type is an inter- 
mixing changer. 

To prevent the records from tilting, 
there is a hinged weight on the record 
shelf that is dropped on top of the rec- 
ord stack. (Most single -post changers 
use such a weight.) This weight holds 
the records steady while the shelf 
moves back and forth underneath the 
stack. 

To load this changer, the weight is 
moved out of position, the stack of 
records is fed down over the top por- 
tion of the spindle, and the weight is 
then replaced. To remove the records, 
the weight, which protrudes somewhat, 
must be rotated out of position, or the 
entire record shelf must be turned 90° 
to clear the record stack as it is lifted 
off the spindle. In many of the bent - 
spindle types, the spindle can be lifted 
out of its socket so that the records 
can be removed without having to feed 
them up the spindle. 

Some of the bent -spindle changers 
can play records that are mixed in 
size. Fig. 24 shows one system. The 
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record head contains a trigger. When 
the records are placed on the storage 
portion of the spindle, 10 -inch records 
will rest on the front edge of the head, 
ahead of the trigger, and 12 -inch rec- 
ords will extend over the trigger. Let's 
suppose we have the stack as shown in 
Fig. 24. When the first record, a 10 - 
inch one, is to be played, the record 
head moves forward; the trigger, which 
is a square protrusion on the head, 
strikes the edge of the record and forces 
it off the shelf on the spindle. 

When this record drops, the next 10 - 
inch record drops down in front of the 
trigger. It, too, is pushed off by the 
trigger on the next operation of the 
changer. The next record, however, is 
a 12 -inch one; therefore, it drops on 
top of the trigger instead of in front of 
it. The trigger is pivoted (see Fig. 24) , 

tcb o 
The link pulls the head forward against the pull 
of spring S. At B is shown the method of adjust- 
ing the length of the link, which adjusts the limit 
of forward motion of the head. Another lever 
(not shown) may be attached to the head sup- 
port post to shift the link into the proper groove 
on the main cam for either the 10 -inch or the 

12 -inch record sizes. 

and the weight of the record on top of 
it pushes it down flush with the top of 
the record head. As shown by the dot- 
ted lines, this raises the rear end of the 
trigger so that it is above a stop that up 
to now has prevented the record head 
from moving more than a certain dis- 



FIG. 25. 

Courtesy Garrard Sales Corp. 

An inter -mixing bent -spindle changer. 

tance from the spindle. When the rear 
end of the trigger is able to clear this 
stop, the record head is able to move 
considerably farther from the spindle- 
so far, in fact, that the trigger is 
brought out beyond the edge of the 
12 -inch record. The weight of the rear 
end of the trigger restores it to its orig- 
inal position once it gets out from 
under the record, so, when the record 
head moves forward again, the trigger 
is behind the edge of the 12 -inch rec- 
ord and pushes the record off the 
spindle shelf. 

This mechanism also automatically 
sets the landing position of the pickup 
arm for 10 -inch or 12 -inch records. The 
motion of the record head sets stops 
that control the pickup arm crank, 
with the result that the landing posi- 
tion of the pickup arm depends on 
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whether the record head has moved 
back for a 10 -inch or for a 12 -inch 
record. 

Fig. 25 shows a picture of a unit 
of this type. Notice the overlay arm 
that lies over the top of the records 
and straddles the spindle. This arm 
is necessary in this system to keep the 
records level while the record head 
moves back and forth and also to pro- 
vide the force to keep the records mov- 
ing down the spindle. It serves a pur- 
pose somewhat similar to the weight 
in the system shown in Fig. 23. How- 
ever, because of the wider motion of 
the record head here, the overlay arm 
must be accurately positioned. 

TWO -POST CHANGERS 
Fig. 26 shows one of the two -post 

record changers. In this style, the 
center spindle is used only for guiding 
the record down to the turntable-it 
has no shelf on it. 

The record is supported at two 
points by record -holder shelves that 
are attached to the record -holder 
posts. 

When a record is to be dropped, the 
pickup is elevated and moved out of 
the way. Then the record -holder posts 
begin to rotate. Each of these posts 
carries a "knife" just above its rec- 
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Courtesy RCA 

FIG. 26. A typical 2 -post changer, the RCA U-148. 
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The support posts may be rotated by means of a 

belt or gear system from the main cam. Here is 
a simple gear type; the arm A is moved from 
side to side by the eccentric groove in the main 
cam. It rotates gears C and D that are at the base 
of the support posts. Hence, the posts and 
accompanying knives are rotated about 180°, 

then are returned to their resting positions. 

ord-holder shelf. This knife is a sharp - 
edged shelf that is spaced approxi- 
mately the thickness of the average 
record above the record -holder shelf. 
Therefore, as each knife comes around 
and contacts the record stacks, the 
pointed tip of the knife is in just about 
the right position to go in between the 
bottom record of the stack and the one 
next above it. The mechanism rotating 
the knife is usually either spring loaded 
or allowed to have considerable play so 
that the knives can adjust themselves 
and slip in between the bottom record 
and the stack. 

As the knife penetrates the record 
stack, continued rotation of the rec- 
ord -holder post will place the knife 
under all the records except the bot- 
tom one, and the record -holder shelf 
will be rotated completely out of the 
way. When this happens, the bottom 
record no longer has anything to sup- 
port it, and the remainder of the rec- 
ord stack is supported by the knives 
on the two posts. Therefore, the bot- 
tom record drops onto the turntable. 
Before the pickup arm is placed in the 
playing position, the record holder 
posts rotate back to their normal posi- 
tions. This withdraws the knives and 
drops the stack of records onto the 

record holder shelves, thus completing 
the changing cycle. The thickness of 
10 -inch records is somewhat different 
from that of 12 -inch records. Although 
the knife is so loose that it will usually 
find the proper spacings and go in be- 
tween the records, it is always possible 
for the knife to strike the edge of a 
record and cut into the record rather 
than separate it from the stack. 

On some changers, the spacing is 
adjustable. Fig. 27 shows the details 
of one such system. The small screw 
marked G protrudes through the rec- 
ord -holder shelf. When 10 -inch records 
are on the shelf, they do not extend 
over the shelf far enough to reach this 
screw. However, 12 -inch records will 
lie on the screw and depress it. 

When 10 -inch records are on the 
shelf, the knife spacing above the 
shelf is that of the average 10 -inch 
record. When the thicker 12 -inch rec- 
ords are on the shelf, screw G is de- 
pressed, and a lever arm connected to 
it raises the knife slightly so that the 
spacing between the knife and the rec- 
ord -holder shelf increases enough to 
clear the records. 

This form of storage mechanism will 
usually permit the intermixing of 10- 
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FIG. 27. How the knife spacing may be 
adjusted. 



and 12 -inch records. Some of them re- 
quire setting for the record size, in 
addition to setting the index lever to 
the proper position to control the pick- 
up arm landing position. Others, of 
which the one we are discussing is an 
example, determine the record sizes 
automatically. 

The mechanism used to do so in this 
changer is shown in Fig. 28. The lever 
17 stands beside the turntable. Ten - 
inch records drop from the record sup- 
port shelves to the turntable without 
striking lever 17. When this happens, 
the pickup arm automatically comes 
in for the 10 -inch position. 

However, a 12 -inch record, because 
of its greater diameter, strikes lever 
17 as it falls. This pushes the lever 
to the right in this drawing, moving 
its end out of the way of the pin 
marked V. This allows the pickup arm 
crank to move to the proper position 
for a 12 -inch record. 

Another form of two -post changer 
is shown in Fig. 29. In this, the spindle 
has a crook or hump in it. There are 
two heads on which the records are 
supported. When the device is actu- 
ated, the spindle is rotated by the 
main cam through a gear system. 
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Courtesy RCA 

FIG. 28. The lever 17 controls the mechanism 
that sets the pickup landing according to the 

record size. 
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FIG. 29. Another two -post changer. 

In its initial position, the hump is at 
a point halfway between the two sup- 
port heads. As it rotates, however, the 
hump approaches the left-hand head, 
thus forcing the bottom record into the 
slot in the left-hand head. This pulls 
the other edge of the record from the 
support ledge of the right-hand head 
and allows it to drop on the right-hand 
fork. (This fork is a movable support 
bar.) Then, as the spindle continues 
its rotation, the hump pushes the rec- 
ord to the right, into the slot provided 
by the fork on the right-hand head. 
This pulls the record from the support- 
ing shelf on the left-hand head, allow- 
ing this edge of the record to drop 
similarly on the left-hand fork. The 
spindle comes to a stop in its neutral 
position, and the bottom record is now 
supported at both edges by the forks 
just below the two heads. The next 
records are down on the support 
shelves of the heads. Just before the 
record is to be played, the two forks 
are withdrawn by a linkage down the 
support post, allowing the bottom rec- 
ord to drop down the spindle. 

Thus, the operating principle of this 
changer is that rotation of the spindle 
moves the bottom record from its sup- 
port posts onto two forks, which are 
then withdrawn to allow the record to 
drop onto the turntable. 

THREE -POST CHANGERS 
The three -post changers are usually 

of the knife -blade type like the one 
shown in Fig. 26, except that they 
have three posts 120° apart instead of 



two posts 180° apart. The same cycle 
of operation is used-three knives go 
in between the bottom record and the 
remainder of the stack, then the sup- 
port shelves are withdrawn to allow 
the bottom record to drop. 

It is possible to make either the two 
or three -post changers intermixing 
types by causing the record to strike 
a lever as it drops, or by using a trigger 
mechanism on the support shelves that 
is depressed by 12 -inch records. 

Servicing Record Changers 

In the preceding section, we have 
analyzed the operations of changer 
mechanisms separately because, in 
general, you will find that only one 
thing is wrong when they are out of 
adjustment. That is, the trip mechan- 
ism may fail to operate or operate too 

Courtesy Motorola, Inc. 

A bottom photograph of a typical record 
changer. This is the type of photo given in the 

manufacturer's manuals. 

soon, the pickup arm may not be 
picked up high enough or may not be 
let down low enough, the records may 
not be dropped, or more than one may 
drop, and so forth. Of course, it is 
always possible for the mechanism to 
jam completely, stopping all operation. 
Such jamming can be the result of a 
failure of some part or the result of 

mishandling of the changer. Most par- 
ticularly, jamming can occur when 
someone moves the pickup arm while it 
is "in cycle"-that is, while the mech- 
anism is trying to manipulate the pick- 
up arm itself. (Moving the pickup arm 
while it is in cycle may also throw the 
changer out of adjustment.) Generally, 
however, the trouble is in only one por- 
tion of the change cycle. Therefore, 
when you are called on to service a 
record changer, first determine exactly 
what it fails to do or does incorrectly. 
You can then tell what adjustments 
need to be made to put it back in 
proper operating condition. 

Even though you know just how a 
changer should perform a certain task, 
you may still have to spend a consider- 
able period of time watching it go 
through its cycle again and again 
before you can see exactly which lever, 
gear, crank, or arm is incorrectly per- 
forming its duty. To save time, you 
should have all the information you 
can get on any particular record 
changer that you have for service. For- 
tunately, because of the complexity of 
changers, the manufacturers publish 
rather complete service manuals. These 
may be obtained directly from the 
manufacturers, like any other service 
information. 

In addition, you can obtain much 
valuable service information in the 
Service Manuals of Rider and Howard 
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W. Sams. These Automatic Record 
Changer Service Manuals cover many 
different models. They are available 
from radio supply houses and local 
wholesalers. 

However, if you have to service a 
changer on which you do not have 
service information, and you cannot 
get this information in time to com- 
plete the job, all you can do is run 
the changer through its operation sev- 
eral times and watch it carefully. By 
locating the apparatus that controls 
the faulty action, you will usually be 
led right to the proper adjustment. 

Before you can seriously consider 
the servicing of automatic record 
changers, you must have some means 
available for supporting the changer 
on your workbench so that you can 
see underneath it as well as above it. 

Courtesy General Cement Co. 

FIG. 30. A commercial adjustable cradle for 
holding record changers. his style can be 
tilted for servicing without the changer's being 

removed from the cradle. 

This support must maintain the 
changer in a level, normal playing 
position. This is important. In fact, 
many service complaints are brought 
about by the changer's not being level. 

For example, the pickup arm is ad- 
justed to land in the blank space at the 
outer edge of a record. Then, if the 
changer is level, a slight spring pressure 
or gravity feed will cause the needle 
to move over toward the spindle suffi- 
ciently to engage the first playing 
groove. If the changer is not level, the 
needle may not move into the playing 
groove, or may even jump the other 

FIG. 31. A home-made jig. The leg spacing 
must be adjusted for different changers. 

way-completely off the record. Simi- 
larly, in cases where the spring tensions 
are critical, you cannot have the 
changer up on edge without putting 
excess tension on some springs or re- 
leasing others so that the changer can- 
not perform satisfactorily. 

There are several support jigs for 
record changers that may be purchased 
from the radio supply houses. A typi- 
cal one is shown in Fig. 30. If you 
prefer, you can make a jig like the 
one shown in Fig. 31. Of course, the 
spacing between the posts will be 
proper only for certain types of chang- 
ers, so a home-made gadget of this 
kind is not quite as flexible as are some 
of the adjustable commercial jigs. In 
any case, the jig must fit the changer, 
must support it securely, and must 
hold it level. To be useful, the jig must 
hold the changer above the workbench 
high enough for you to see and adjust 
the changer mechanism from under- 
neath. You don't have to put your 
head under the changer to watch its 
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operation-you can always use a mir- 
ror to let you see underneath-but you 
will usually have to get under it your- 
self when you make adjustments. 

When you are servicing a record 
changer, it isn't always desirable to 
have electric power applied. The 
changer may run through its operation 
too fast for you to watch everything 
sufficiently, or there may be some j am- 
ming condition that could actually 
damage parts if power is applied. For 
this reason, it is frequently necessary 
to disconnect the motor from the power 
line and rotate the turntable by hand 
to drive the changer mechanism slowly 
through its cycle of operation. 

Sometimes you will find that sup- 
port straps, mounting boards, or other 
objects obscure the view of the parts 
you want to watch. In such a case, 
removing the turntable may let you 
see the mechanism underneath. How- 
ever, this won't always prove helpful 
-in some instances the motor board is 
solid, and only the spindle comes 
through the board. If so, removing the 
turntable does not permit you to see 
underneath at all. 

Now let's describe a few basic trou- 
bles and learn their remedies before 
going on to examples of manufactur- 
ers' service data. 

NON-STANDARD RECORDS 

A great deal of the trouble experi- 
enced with record changers is caused 
by the fact that the records involved 
are warped or are not standard in 
some way. 

The standard 10- and 12 -inch records 
made by the reputable manufacturers 
are all held reasonably close in their 
sizes. They are of the proper thick- 
ness and diameter, and in general the 
edges of the records are smoothly 
rounded. However, it is always pos- 
sible for even a standard record to be 

outside tolerance in some way, and 
many of the records made by smaller 
companies are not standard at all. 
Here are a few of the troubles caused 
by non-standard records. 

No Eccentric. You will find that 
many of the older recordings either do 
not 'have an eccentric groove at the 
center of the record or have one so 
shallow that it cannot trip some of the 
changer mechanisms. This is particu- 
larly true of some of the earlier classi- 
cal recordings. Unfortunately, these 
classics are frequently the very rec- 
ords that appeal to owners of record 
changers. They may not realize that 
the eccentric groove is necessary for 
the trip, so you may very well get a 
call to repair a changer because it 
does not trip, when actually the trou- 
ble is this lack of an eccentric groove. 
Be sure to find out from the customer 
on such calls whether the mechanism 
fails to trip only on certain records- 
he may have noticed this character- 
istic, which will lead you at once to the 
trouble. 

There are a few records, mostly 
foreign ones, that have the eccentric 
groove but carry the recording groove 
too close to the center spindle. This 
is perfectly all right as long as the trip 
mechanism operates from the eccentric 
groove. However, if used in a changer 
having a positional trip (in which the 
trip is actuated as soon as the pickup 
arm is brought within a preset dis- 
tance from the spindle), these records 
may tend to trip too soon. If you find 
that the changer has a positional trip, 
check the manufacturer's instructions 
to learn the distance from the spindle 
the device should be set. If it trips at 
the proper distance, the record is at 
fault. 

Thickness Variations. Records 
that are too thick or too thin can cause 
trouble in the mechanism designed to 
feed the records from the storage aye - 
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tern to the turntable. For example, in 
all systems like that shown in Fig. 21, 
the record must slide under the guide 
trigger. A thick record may not be able 
to feed through here. On the other 
hand, if two very thin records get to- 
gether, they may both try to feed 
through. The result could be a j am- 
ming on the shelf, or they both may 
drop at once. In the case of the thick 
record, of course, jamming results. 

FIG. 32. An off -size record or improperly ad- 
justed separating knives may result in record 

breakage like this. 

In a changer that uses separating 
knives, records that are too thick or 
too thin may not be properly separated 
by the knives. If the record is too 
thick, the knives may cut into it in- 
stead of passing over it. If it is too thin, 
the knives may cut into the record 
above the one to be separated. Inci- 
dentally, rough or chipped record edges 
can also cause trouble by catching the 
knives. Fig. 32 shows an example of 
what may happen in such a case. Of 
course, this can also be the result of 
an improperly adjusted knife. 

Improper Diameter. If the record 
is too large or too small in diameter, 
it may not feed through the storage 
mechanism properly, and naturally the 
pickup arm will not land properly on 
the record. Of course, a record that is 
off standard size this way is usually -- 
easy to detect because it can be directly 
compared with others in the stack. It 
is less easy to detect records that are 
thick or thin. 

JAMMING 

When a record changer is jammed, it 
is not advisable to try to force it to 
continue its changing cycle. Of course, 
just what is wrong depends upon whe- 
ther the jam was caused by a defec- 
tive part or by someone's trying to 
force the mechanism. In general, how- 
ever, it is possible to clear jamming 
by rotating the turntable backwards. 
Of course the power must be shut off 
when you rotate the turntable by hand 
in this manner. 

If the changer has a damaged part, 
it will jam at the same point in its 
cycle each time. In such a case you 
can rotate the turntable in the proper 
direction, by hand, until the jam oc- 
curs. You will then be better able to 
see just what has gone wrong. 

Incidentally, it is possible for jam- 
ming to occur because the changer is 
not level or because it has shifted in 
its position in the cabinet. It may be 
that all the levers and gears originally 
cleared the interior of the cabinet but 
that a shift in position has permitted 
some lever to strike the cabinet. You 
can check the levelness of the changer 
with a carpenter's level. 

GENERAL DEFECTS 

Ordinarily, a changer is in need of 
repair because of the normal wear of 
some of the parts in it. This wear 
may be of such nature that an adjust - 
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ment, provided by the manufacturer, 
can clear up the difficulty. However, 
once a bearing becomes so loose that 
the lengths or positions of levers vary 
during the changing cycle, it will be 
necessary to make a major repair or 
to replace the changer. 

Another common source of trouble is 
fatigue in the springs, of which chang- 
ers have many. With use, these springs 
will eventually stretch so that they do 
not provide the proper tensions. When 
this happens, it is usually necessary to 
replace the offending spring; once in a 
while, however, you may find that the 
manufacturer has provided an adjust- 
ment for the spring by attaching one 
end of it to a movable terminal. 

Incidentally, much of the trouble 
that is encountered with record chang- 
ers comes about because of lack of 
proper oiling. Although oiling instruc- 
tions usually accompany a changer, 
few owners remember to follow them- 
perhaps because the necessary oilings 

are infrequent and therefore easily for 
gotten. 

The manufacturer's instructions 
should be consulted when it is discov- 
ered that oiling is needed. It is usually 
safe to oil any metal -to -metal bearing, 
although often a light grease is indi- 
cated instead of regular oil. 

There are some spots about a record 
changer that should never be oiled. 
Certain tripping mechanisms that de- 
pend upon friction may or may not 
require oiling, depending upon the 
materials used in them. For example, 
one changer has a cork washer to pro- 
vide friction. Oil on this washer com- 
pletely upsets the operation of the trip 
mechanism. 

Similarly, it is desirable to keep oil 
away from all rubber parts. Many 
drive mechanisms are friction types, 
using rubber -tired pulleys. It is im- 
portant to keep oil away from the 
rubber, but nevertheless to oil the 
bearings of such pulleys. 

Pickups and Their Servicing 
The pickup device itself has nothing 

to do with the automatic record 
changer other than the reproduction of 
the recording as an electrical signal. 
Nevertheless, when the output from a 
changer is distorted or sounds tinny 
or when there is no output at all, the 
serviceman is certain to get a call. 

There are three types of pickups in 
common use today-the crystal, the 
magnetic, and a variable reluctance 

CRYSTAL 

CHUCK 
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SCREW /NEEDLE LEADS 

FIG. 33. Details of a crystal cartridge. 

type of magnetic pickup. Let's study 
their operation briefly. 

As you know, all standard record- 
ings used in the home are the result of 
modulating a groove so that it has 
"wiggles" from side to side in it. The 
record player needle fits in this groove 
and is forced to follow the variations. 
To reproduce the recorded sound, we 
have to have some means of translating 
this mechanical side -to -side motion of 
the needle tip into an electric signal. 

Crystal Pickups. Probably the 
most widely used pickup today is one 
containing a crystal element. These 
units are inexpensive, easy to replace, 
and give a high output. 

Fig. 33 shows the operating details 
of a crystal cartridge or pickup. The 
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Courtesy Astatic Corp. 

FIG. 34. Several typical crystal cartridges. They vary in physical size, method of connecting 

leads, and whether or not permanent needles are used. Some have greater outputs, and others 

offer better fidelity. 

phonograph needle is held in a chuck 
by a screw. In turn, the chuck is 

clamped to one end of the crystal ele- 
ment. The opposite end of the crystal 
is mounted in the case so that it cannot 
move. Now, as the record grooves force 
the needle to move from side to side, 
the chuck is twisted. This twists the 
end of the crystal, applying a mechani- 
cal stress to it that causes it to gener- 
ate a voltage, which appears on its 
opposite faces. Foil plates on the crys- 
tal surfaces pick up the voltage and 
feed it through the leads. 

The physical appearance of crystal 
cartridges vary somewhat, as shown 
by several typical ones in Fig. 34. 
However, they all operate on basically 
the same principle-the only differ- 
ences are in the housings, the methods 
of connecting the cable to the cartridge 
unit, and the styles of needle mount- 
ings. We shall go into needles a little 
later. 

Magnetic Pickups. Fig. 35 shows 
the details of the operation of a mag- 
netic pickup. Essentially, this consists 
of a permanent magnet, a coil, and an 
armature that can be actuated by the 
phonograph needle. As shown in this 
figure, motion of the needle from side 
to side directs the flux in opposite di- 
rections through the armature. There- 
fore, since the coil is essentially around 

the armature, the flux variations in the 
armature cause voltages to be induced 
in the coil. 

Variable Reluctance Pickup. The 
variable reluctance pickup, a typical 
example of which is shown in Fig. 36, 
is a variation of the magnetic type. 
However, the difference in the amount 
of needle pressure needed is appreci- 
able. A magnetic head must be heavy 
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FIG. 35. Details of a magnetic pickup. 
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so that the head will not vibrate when 
the armature does; consequently, it 
presses rather heavily on a record and 
wears it out quickly. In the variable 
reluctance pickup, however, the vibrat- 
ing device is a very tiny, lightweight 
reed; consequently, the head can be 

CANTILEVER REED 

FIG. 36. One type of variable reluctance 
pickup. 

made light enough to cause practically 
no record wear. 

This change in weight comes about 
because the coil no longer picks up 
the flux variations directly from the 
armature. Instead, the armature in the 
variable reluctance type merely varies 
the reluctance in a magnetic path, and 
the coil picks up its energy from the 
variations in flux in this path. 

As Fig. 36 shows, there are two paths 
for magnetic flux in this pickup. In 
each path, flux flows from the magnet 
through half of the pickup coil and 
through the reed back to the magnet. 
The position of the vibrating reed in 
the air space between the two coil cores 
determines how much flux flows in each 
half of the coil at any instant. When 
the reed is near one of the cores, the 
flux through the half of the coil wound 
around the other core decreases. The 
two halves of the coil are wound in 
opposite directions around their cores, 
however, so a decrease in flux through 
one has the same effect as an increase 
in flux through the other. This doubles 
the effect of the movement of the reed 
in producing a signal. 

PICKUP DEFECTS 

Crystal Pickup. A crystal cartridge 
is rather easily damaged. If the pick- 
up head is ever dropped, it is quite 
likely that the crystal will be cracked. 
Excessive motions of the needle may 
also crack the crystal. Moisture can 
also destroy a crystal. So can heat: a 
crystal should never be allowed to get 
hotter than 110°. Many pickups are 
ruined because the head is allowed 
to remain so long in the path of sun- 
shine streaming in a window that the 
crystal becomes overheated. 

A defect in the crystal practically 
always shows up as a severe distortion 
accompanied by weak volume. When 
you find a changer with such charac- 
teristics and have determined that the 
audio amplifier is not at fault, it is 
advisable to replace the crystal. Gen- 
erally, the crystal is held in the pick- 
up arm by two screws or by a simple 
clamp arrangement. Simply remove the 
defective unit and install a good one 
of the same type in its place. 

When you replace a crystal, be care- 
ful not to overheat the terminals if 
you must solder a cable to the cart- 
ridge. Excessive heat from the solder- 
ing iron will destroy the crystal. There- 
fore, it is best to have the pickup cable 
terminals well tinned and coated with 
solder so that you can sweat the cable 
end to the crystal terminals quickly. 

Magnetic Pickup. The armature of 
a magnetic pickup sometimes strikes 
the pole pieces, either because the 
rubber damping blocks have worn 
out or because the armature has shifted 
its position. When this happens, the 
device will chatter, and the output will 
be severely reduced. Occasionally an 
armature moves over far enough to 
stick to one of the pole pieces by mag- 
netic attraction. When this happens, of 
course there will be practically no out - 
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put. No output may also be the result 
of an open coil. 

It is impractical to repair the pick- 
up; the only thing to do is to replace 
the head when you are sure it is at 
fault. 

Incidentally, with any type of pick- 
up, it is well to be cautious about the 
cable that connects the pickup elec- 
trically to the amplifier. The cable 
almost always consists of a center wire 
surrounded by insulation, which is 
surrounded in turn by a braided shield 
that is grounded to prevent hum pick- 
up. This shield is one of the conduc- 
tors. Rather often the insulation be- 
tween the center conductor and the 
shield wears through, permitting the 
cable to short. This is particularly 
likely to occur at the point in the cable 
where it leaves the end of the pickup 
arm and goes down underneath the 
motorboard. The moving of the arm 
back and forth twists and untwists the 
cable at this point so that the insula- 
tion may be mechanically worn out. It 
is well to examine and check cables 
for both opens and short circuits before 
condemning the pickup. 

The position of this cable is such 
that oil may get on it if anyone is care- 
less in oiling surrounding parts of the 
changer. This will speedily destroy the 
rubber insulation, permitting the cable 
to short-circuit, Naturally, this will 
reduce or kill the output. 

PHONOGRAPH NEEDLES 

As you will realize, it is desirable 
for a needle to be as permanent as 
possible. If the needle wears excessive- 
ly, it may not even be able to play a 
stack of records. This is particularly 
true of some of the non-metallic 
needles, such as the thorn or cactus 
types. 

Needles should be made so that they 
fit the grooves of the record. If the 
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needle point is too small, as shown in 
Fig. 37A, it can skid from side to side 
in the groove and thus introduce false 
frequencies. It may even ride out of 
the groove in such cases. In addition, 
a narrow needle may strike the bottom 
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FIG. 37. Effects of needle -point sizes. 

of the groove and pick up a great deal 
of noise from the imperfections there. 

On the other hand, if the point is 
too broad, as shown in Fig. 37C, it can- 
not fit down into the groove and will 
tend to escape and permit the pickup 
head to slide across the record. When 
the needle fits the groove properly 
(Fig. 37B), it will follow the modula- 
tions in the record grooves without 
introducing other frequencies and 
without escaping from the grooves. 

The harder the needle point, the 
more important it is that it have the 
correct needle shape initially. Unless 
a hard point is made with extreme 
care, it may have imperfections that 
will wear down the walls of the record 
groove and so destroy the fidelity of 
the recording. 

The standard steel needle is usually 
only an approximation of the right 
shape. However, it is made of a mate- 
rial sufficiently soft so that the abra- 
sive contained in a standard record 
will quickly wear the needle down until 
it fits the groove reasonably well. This 
wearing causes shoulders to build up 
on the needle, however, soon shaping 
it so that it can damage records. For 
this reason, a standard steel needle 
should be replaced each time a record 
is to be played. Obviously, this makes 
such needles rather impractical for 
record changers. 

Longer playing steel needles are 



made for record players. These needles 
are tipped with alloys that make the 
tips very hard. Then the needles are 
carefully selected so only those having 
the correct shape are sold. For perma- 
nent -point needles, it is well to remem- 
ber that it is a good idea to buy those 
made by a reliable manufacturer. Any 
imperfections will remain for the life 
of the point and will cause wear of the 
record grooves. Most such points are 
shadowgraphed by the manufacturer, 
which means that an enlarged shadow 
of the needle point is thrown upon a 
screen for examination. Any needle 
with an imperfection is rejected. 

In addition to the steel needles, there 
are available needles tipped with sap- 
phire or diamond. These are the long- 
est playing of all. Of course, these 
needles are rather expensive; if han- 
dled carefully, however, they will 
last for many thousands of playings. 

The standard needle is straight and 
has a relatively thick shank. The more 
rigid the shank of the needle, the better 
it will transmit high audio frequencies 
-including scratch noises. Many peo- 
ple find the elimination of the scratch 
more desirable than good fidelity; to 
do this, some needles are made thin 
and flexible; others are coated with 
paint; and, finally, many actually 
have a bend or knee in them. All of 
these changes in the basic shape of the 
needle result in a reduction of the high - 
frequency response and a correspond- 
ing reduction in scratch noise. 

Most modern record changers have 
permanent built-in needles. If any- 
thing is wrong with the needle, the 
entire pickup cartridge must usually be 
replaced. There are a few exceptions 
in which it is possible to replace the 
needle, however. 

One exception is shown in Fig. 38. 

This is a view of a cartridge used on 
certain RCA changers. The sapphire 
playing tip is held in a tiny socket by 
rubber cement (such as Goodrich Plas- 
ticon). If this needle needs replace- 
ment, it may be grasped firmly with a 
pair of tweezers, given a few turns to 
loosen the cement, and then pulled out. 

SAPPHIRE 
GUARD SCREW 

FIG. 38. How to replace the sapphire tip on 
certain RCA changers. 

A new sapphire can be re-inserted, with 
just a drop of the rubber cement on it 
to hold it in the socket. 

RECORD CARE 

Many people do not know how to 
take proper care of their records. 
Whenever you find that the record col- 
lection of one of your customers is not 
in good condition, you can do him a 
service and create some good will for 
yourself by passing along these hints: 

Records will become noisy if they 
are allowed to collect dust. They must 
be kept clean. It is best to store records 
in their original envelopes or albums, 
and then, if they do collect some dust, 
to brush them with a 'record brush. 

It is necessary to store records prop- 
erly to prevent them from warping. As 
you have learned, a warped record can 
easily get into trouble with the changer 
mechanism, because it may be impos- 
sible for the mechanism to separate 
warped records. Records should never 
be left resting on the support shelf of 
a record changer for a long time. They 
should always be stored carefully. 
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Motors and Their Servicing 
The motors used on record players 

and changers must maintain their 
speeds accurately. The two basic 
motor types used in record changers- 
the synchronous motor and the induc- 
tion motor using a governor-meet this 
requirement. 

There are several forms of the syn- 
chronous motor. Most of them are of 
the éddy current type, but you will 
occasionally encounter shaded -pole or 
capacitor motors. Any of these are 
relatively constant in speed as long as 
they are not overloaded. 

In general, little goes wrong with 
the motor itself as long as it is oiled 
properly. Once in a great while, you 
may find a changer in which the motor 
has a burned -out winding, but this is 
very rare. More commonly, any trou- 
ble will be with something related to 
the motor-the on -off switch may be 
defective or the motor may be over- 
loaded. On the induction types, the 
speed governor may cause trouble. 

A simplified drawing of a typical 
speed governor is shown in Fig. 39. 
This device contains a shaft that is 
coupled to the motor. Two weights are 
connected by springs to a collar on the 
end of the shaft. A wheel is also con- 
nected to the weights by springs. Let's 
see how the device works. 

As the shaft rotates, the weights are 
thrown outward by centrifugal force. 
The pull exerted on the springs by the 
outward movement of the weights 
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typical speed governor. 

pulls the wheel to the right, bringing it 
up against two friction pads made of 
felt. As soon as the wheel strikes the 
friction pads, it is slowed down by the 
friction; since the wheel is connected 
to the shaft through the springs and 
collar, the shaft is slowed down also. 
Thus, the motor is retarded if it at- 
tempts to run faster than the speed for 
which the governor is set. This keeps 
the motor running at a fairly constant 
speed as long as nothing happens to 
make it run too slowly; the governor 
has no action that will speed up a slow 
motor. The speed at which the gover- 
nor will start to slow down the motor 
can be adjusted by moving the friction 
pads toward or away from the collar; 
the farther they are from the collar, 
the slower the speed at which the gov- 
ernor acts. 

These governors will not maintain 
the speed properly if the friction pads 
wear down or become hard because of 
a lack of oiling. Watch for this if the 
speed is uneven. 
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DRIVE MECHANISMS 

The driving force of a phonograph 
motor is applied to the turntable either 
at the center spindle or at the rim. 
Fig. 40 shows one form of spindle drive, 
in which the motor drives a gear 
mounted on a shaft secured to the 
spindle. 

When the center spindle is driven 
this way, considerable power is needed 
to get the turntable started. Once 
started, however, the inertia of the 
rotating mass of the turntable tends 
to keep it going. 

Many changers use a less powerful 
motor and drive the turntable from its 
rim. In systems of this kind, as shown 
in Fig. 41, the motor turns a small 



FIG. 40. A drive system that operates through 
the center spindle. This photo shows a record 
player; a changer would use a different spindle 
and would have the changer mechanism. These 
are omitted here to show the drive more clearly. 

drive pulley. This is held against the 
rubber -tired idler pulley, the edge of 
which is against the rim of the turn- 
table. Incidentally, it is necessary to 
use either gearing or an idler pulley 
system of this kind so that the motor 
can turn at a fair rate of speed, yet 
maintain the standard 78 revolutions 
per minute for the turntable. 

There is another advantage to the 
rim drive system. In a center spindle 
drive, the motor is more or less directly 
connected through a gearing system to 
the turntable. Vibrations produced by 
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the motor can travel to the turntable 
and be picked up by the pickup. On the 
other hand, with the rim drive system, 
the motor can be flexibly mounted in 
a spring suspension. Springs keep its 
pulley in contact with the idler pulley. 
With this arrangement, any variation 
up or down in the drive pulley does not 
transfer any motion through the idler 
pulley to the turntable. 

Spring suspension of the motor is 
important to keep down what is called 
turntable rumble, a frequent cause of 
customer complaints. This noise con- 
sists of a low -frequency rumbling 
sound, somewhat similar to hum, that 
can be heard only when the record is 
being played. Generally you will find 
it is caused by the fact that the motor 
is no longer suspended on springs- 
someone may have tightened the 
mounting so much that the springs are 
no longer effective, or they may be 
weakened so that the motor can jar 
the motorboard and, through it, the 
turntable. Sometimes this condition is 
made worse by the fact that the entire 
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FIG 41, Details of rim -drive systems. 
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motorboard is not sufficiently spring - 
mounted, either because someone has 
screwed down the changer too tightly 
to the cabinet or because it has shifted 
in position so that the motorboard is 
bearing against the cabinet wall. Some- 
times flexible couplings are used be- 
tween the motor drive and the rest of 
the drive mechanism to cut down some 
of this transfer of noise. 

Improper speed is perhaps the most 
common complaint involving the 
motor system and drive mechanism. A 
synchronous motor never runs too 
fast, but it may run too slowly if the 
motor or the changer mechanism needs 
lubrication. Usually, careful oiling and 
greasing will clear up a trouble of this 
kind. 

An induction -type motor that has a 
governor usually also has an adjusting 
screw by which the speed of the motor 
can be changed. A typical example is 
shown in Fig. 42. To get the motor to 
the right speed, a stroboscopic disc is 
placed on the turntable. This is a disc 
having a special pattern on it; when 
the disc is observed under a light oper- 
ated from 60 -cycle power, the pattern 
will apparently stand still if the motor 
is turning at the proper speed but will 
appear to revolve if the motor is going 
too fast or too slow. The proper turn- 
table speed is secured, therefore, by 

SPEED ADJUSTMENT 
(SCREW) TO DECREASE SPEED 
TURN CLOCKWISE 

TURN SPEED ADJUSTER SO TUE FEL 
WILL PROTRUDE >TG WHEN ALL THE 
WAY IN. ADJUST GOVERNOR SO AS 
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OF GÓ 
THEN 
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BY 
W 

MEANS 

ADJUST SO THAT SHAFT 
S FREE TO ROTATE 
WITHOUT END PLAY 

REMOVE TO 
TAKE OFF GOVERNOR 

SPEED 
AOJUSTMENT-10,,,-1^ 
LOCK NUT 

pp / OIL 
KEEP FILLED WITH 
LIGHT OIL TO INSURE/ 
SMOOTH OPERATION 
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FIG. 42. Certain RCA changers have speed 
adjustments as shown here. 

turning the adjustment screw until the 
pattern appears to be motionless. 
These discs are available from radio 
supply houses and from many record 
dealers. 

Remember that improper line volt- 
ages or variations in line voltage may 
affect the speed of the motor. Of 
course, if any foreign particles have 
lodged between the armature and the 
field pole pieces, or in any of the gear- 
ing, the motor may vary in speed or 
may even jam and not run at all. 

Overheating is another motor trou- 
ble. This of course can be the result 
of insufficient lubrication, but may also 
be the result of bearings that are too 
tight, of short-circuited coils in the 
motor, or of an excessive load on the 
motor, such as may be produced by 
improper lubrication of the drive 
mechanism or by off -center mounting. 

Microgroove Records 
Recently there have been introduced 

two different series of records having 
very fine grooves (generally called 
microgrooves because of their thin- 
ness) ; these records are intended to 
rotate at slower speeds than 78 r.p.m. 

LP Records. One microgroove type 
consists of 10 -inch and :12 -inch rec- 
ords designed to be played at 331/3 
r.p.m. The slower speed and increased 
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number of grooves permit these rec- 
ords to hold much more recorded 
material; it is possible to get an entire 
symphony on both sides of one 12 -inch 
record, whereas four to eight standard 
records would be needed for the same 
symphony. 

The advantages of such a long- 
playing record are obvious-one no 
longer has to put up with the unnatu- 



81C00 COMM. 1.01.11 

«00 Flat. POSatal 
10a a Call, 

PPPPPPP 31.1 

Courtesy RCA 

Fig. 43. A photo and two sketches of the 
player designed for 45 r.p.m. microgroove rec- 
ords. The upper sketch shows how the separator 
knives move in between records while the sup- 
port shelves are withdrawn simultaneously to 
allow the bottom record to drop. In the lower 
sketch, the support shelves now hold the record 
stack and the knives are withdrawn into the 
spindle. 

ral break in the music that occurs 
when a record is changed in a conven- 
tional changer. 

Both single -record players and 
changers designed only for these LP 

(long-playing) records have been de- 
veloped. Of course, the new speed re- 
quires a change in gearing or size of 
idler pulley, and the fine record groove 
requires a special fine -tipped needle 
and light -weight tone arm. 

Combination changers can handle 
both the LP and the standard records 
(as long as they are not intermixed) 
by having a switch to change the turn- 
table speed, and either using separate 
tone arms or a switching arrangement 
that will change the arm weight and 
needle size. The latter is obtained gen- 
erally by using a dual needle and a 
tilting or revolvable crystal so that the 
proper tip is put into play. However, 
there is a new 7 -inch microgroove rec- 
ord for popular music; this requires 
an additional switch to set the pick- 
up arm landing position, plus an ex- 
tension spindle or platform to provide 
proper storage support for this small - 
size record. 

45-R.P.M. Type. Another micro- 
groove system uses a record 6%8 inches 
in diameter and a turntable speed of 
45 r.p.m. These records are radically 
different in that they are designed to 
operate on a changer having the 
"works" in the center post. Hence, 
the records have a center hole 11/2 
inches in diameter, and are made 
thicker in the label area to provide a 
space for the separating knives. 

These records were introduced along 
with the unique changer shown in 
Fig. 43, but some of the recent chang- 
ers will handle not only these records, 
but also the LP and standard ones 
by having interchangeable center spin- 
dles, three speeds, dual needles, and 
a new landing position for the tone 
arm. 
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Lesson Questions 

Be sure to number your Answer Sheet 48RH-2. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 

finish them, as instructed in the Study Schedule. This will give you the 

greatest possible benefit from our speedy personal grading service. 

1. What feature is provided on standard records to make it possible for the 

changer mechanism to regain control after the record has finished playing? 

2. What are the three main types of trip mechanisms? 

3. What is the function of the main cam in most record changers? 

4. In the elevator system shown in Fig. 12A, how would you adjust for the 

condition wherein the pickup arm is not lifted sufficiently to play a record 

on top of a stack? 

5. What is the function of the guide trigger in the spindle of a single -post 

changer? 

6. What is the function of the knives in a 2 -post or 3 -post changer? 

7. What two things can happen if the pickup arm is moved when a changer is 

in cycle? 

8. What precaution must be taken when replacing a crystal pickup? 

9. Why should one be careful to keep oil off the electrical cable that connects 

the pickup to the amplifier? 

10. What two things may cause a governor -controlled motor to run unevenly? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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THINK AND BELIEVE 
Here is some very sound advice written by a highly 

regarded authority, Joseph H. Appel: 
"You want a better position than you now have in 

business, a better and fuller place in life. All right. 
Think of that better place, and you in it, as already 
existing. Form the mental image. Keep on thinking 
of that higher position. Keep the image constantly 
before you. No, you will not suddenly be transported 
into the higher job, but you will find that you are pre- 
paring yourself to occupy the better position in life. 
Your body, your energy, your understanding, your heart 
will all grow up to the job. And when you are ready, 
after hard work, after perhaps years of preparation, 
you will get the job and the higher place in life." 

Remember, Mr. Appel does not promise miracles. But 
by developing confidence and assurance-by sincerely 
believing that you will accomplish what you want to ac- 
complish, you make great progress on the road to 
success. 
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S'T'UDY SCHEDULE NO. 49 
For each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mind. Study each other step in this same way. 

1. Basic Principles of Television Pages 1- 4 
How television signals are transmitted and received. their limitations, and 
the basic equipment necessary for their transmission are discussed. 

2. Image Scanning in Television Pages 4-11 
A description of how a scene is broker down into elemental impressions. 
and how these impressions and the necessary synchronizing signals are 
transmitted in a sequence of pictures. 

3. The Cathode -Ray Tube as an Image Reproducer Pages 12-16 
In the television receiver the cathode-ray tube reassembles the elemental 
impressions to reproduce the television signal on the screen. 

4. Image Detail Pages 17-20 
A description of the factors which are required to give pictures good 
definition without flicker. 

5. Interlaced Scanning Pages 21-23 
How 60 pictures per second are used to reduce flicker within the band- 
width requirements of a 30 -picture -per -second system. 

6. Brightness and Contrast Controls Pages 23-26 
These two important controls in television systems are discussed and the 
principles of operation and adjustment are given. 

7. Television Signal Standards Pages 26-31 
The technical standards of television signals and synchronizing pulses which 
affect both transmitter and receiver operation. 

8. Fundamentals of TV Receiver Operation Pages 32-36 
The passage of sound and sight signals through a typical TV receiver 
and the basic controls which will be encountered. 

9. Answer Lesson Questions, and Mail your Answers 
to NRI for Grading. 

10. Start Studying the Next Lesson. 

COPYRIGHT 1950 BY NATIONAL TELEVISION INSTITUTE, WASHINGTON, D. C. 

(An Affiliate of the National Radio Institute) 

JD6M151 1951 Edition Printed in U.S.A. 



THE TELEVISION SIGNAL 

YOU are now beginning your special 
training in the field of television. 

This first Lesson will give you an 
understanding of modern television, 
showing how it is possible to see on the 
screen of a picture tube in a receiver a 
scene that is at that same instant tak- 
ing place miles away and being viewed 
by the television camera. 

In the NRI Television Lessons you 
will find presented in a simple, logical, 
and understandable manner the impor- 
tant principles underlying all phases 
of modern television systems. After 
mastering these Lessons you will find 
it easy to understand the operation of 
any TV set. Then you will learn 
how to service TV sets. You will learn 
the basic techniques employed, and 
the difference between servicing broad- 
cast receivers and servicing TV receiv- 
ers. You will also be shown how to 
make installations and you will in- 
struct the customer in the operation 
of his receiver. 

Photograph above, courtesy RCA. 

THE TV CARRIER SIGNAL 

The process of scanning that breaks 
up a televised scene into successive 
signal elements results in a frequency 
range for picture signals of from zero 
to more than 4,000,000 cycles (4 mega- 
cycles, abbreviated 4 mc.) per second. 
Thus the television signal covers more 
space in the radio spectrum than the 
entire broadcast band. For this reason 
only very -high frequency carriers are 
suitable for transporting through space 
a signal that has a frequency range 
of over 4 megacycles. With ordinary 
modulation practices, such as are used 
in the broadcast band, this means that 
the frequency range of each TV sta- 
tion would be over 8 megacycles. 
However, by partially suppressing one 
side band, this range is reduced to less 
than 6 megacycles and each station is 
allocated a channel 6 megacycles wide. 

Consistent television reception at 
greater -than -line -of -sight distances is 
now definitely a reality. This was 
considered impossible for many years 
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by most engineers as well as by the 
Federal Communications Commission. 
The general theory was that the sig- 
nals traveled in a straight line and that 
once line -of -sight distances had been 
exceeded, signals dropped off in 
strength so rapidly that they were not 
usable. The fact that these signals 
travel in a straight line is correct, but 
the point that was generally over- 
looked was that refractions (bending 
of the signals) occurred and that it 
was possible to use these refracted 

Channel 
Number 

Channel 
Freq. Mc. 

2 54-60 
3 60-66 
4 66-72 
5 76-82 
6 82-88 
7 174-180 
8 180-186 
9 186-192 

10 192-198 
11 198-204 
12 204-210 
13 210-216 

signals to produce satisfactory pic- 
tures at distancés of two and three 
times line of sight. These refracted 
signals are a normal occurrence and 
are always present at distances up to 
approximately 100 to 125 miles, de- 
pending upon the height of the trans- 
mitting and receiving antennas. 

When actual practice proved that 
long-distance television reception was 
possible, the Federal Communications 
Commission found it necessary to stop 
all television station construction per- 
mits because stations that were located 
less than 300 miles apart were inter- 
fering with each other. This inter- 

ference manifested itself in the form of 
black lines running through the pic- 
ture, commonly referred to as "vene- 
tian blinds," also the audio was 
garbled. This stoppage of construc- 
tion permits was to allow time for the 
FCC to study and rectify the already 
existing situation. It appears that in 
the future the ultra -high frequency 
spectrum in the neighborhood of 500 
megacycles will be opened up, and that 
station permits will be issued so that 
the number of TV stations may be in - 
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FIG. 1. That portion of the spectrum 
between channels 6 and 7 is assigned to 
FM and other services, and the fre- 
quencies from 54 mc. to 88 mc. and 
from 174 mc. to 216 mc. are reserved for 
TV transmission. 

creased. The higher the carrier fre- 
quency, the more the signal acts like 
light rays and the less chances there 
are of interference between stations 
located fairly close together. 

The Federal Communications Com- 
mission originally allocated thirteen 
channels to television, extending from 
44 megacycles to 216 megacycles. 
Channel No. 1 was eliminated and at 
the present time there are twelve TV 
channels, designated by their original 
numbers, 2 to 13, with the frequency 
coverage shown in Fig. 1. Additional 
assignments of TV channels will be in 
the ultra -high frequencies. 



TV IS AN EXTENSION OF 
RADIO PRINCIPLES 

A television camera is needed to 
pick up picture signals in a television 
studio, and a special reproducing de- 
vice is required at the receiver to re- 
produce the transmitted picture. 
Between these two special devices we 
find a great many familiar radio cir- 
cuits. At the television transmitter 
there is a master oscillator that gener- 
ates the r.f. carrier, together with r.f. 
power amplifiers, a modulator, linear 
r.f. power amplifiers, and a transmit- 
ting antenna. At the receiving loca- 
tion the television signals are picked 
up by an antenna, and are amplified 
and selected in the preselector of the 
television receiver. The superhetero- 
dyne circuit is used in television sets 
and hence the receiver will have an 
r.f. amplifier, a mixer first detector, 
a local oscillator, an i.f. amplifier, a 
second detector, and a picture -signal 
amplifier, all of which prepare the 
received signal for the picture -produc- 
ing device. 

The sound accompaniment for a 
television program is handled in es- 
sentially the same way as in f.m. 
program broadcasting. However in 
television the frequency deviation of 
the sound signal is limited to± 25 kc. 

In a television receiver you will 
find tubes, coils, resistors, condensers, 
transformers, etc., just as in ordinary 
broadcast receivers. In many in- 
stances, as you will learn later, some 
of the parts do not have the same 
physical appearance but many are 
identical. 

Television circuits may be exactly 
the same as radio circuits or there 
may be entirely new circuits developed 

to meet special requirements of pic- 
ture reception. 

Sounds, no matter how complex, are 
inherently a succession of signal in- 
tensities. Unfortunately, a scene does 
not exist in this desired state. There- 
fore a scene must be converted into 
a succession of signal intensities by a 
process of scanning, as the first step 
in sending images by radio or wire. 
The television camera provides this 
scanning, and feeds into the television 
system a signal corresponding to that 
fed into a radio system by a micro- 
phone. The succession of signal in- 
tensities in a television signal is han- 
dled by the transmitting and receiving 
systems in a more or less conventional 
manner. These varying intensities 
must be reassembled in proper order 
and position by an image -reproducing 
device at the output of the receiver 
in order to reconstruct the original 
scene. The image reproducer in a 
television receiver corresponds to the 
loudspeaker in a broadcast set. 

The scene is taken apart at the 
transmitter so that it can be sent 
as a succession of signal intensities 
and must then be properly reassembled 
at the receiver. To do this the cir- 
cuit that controls the scanning at the 
television camera must also control 
the scanning process at the receiver. 
This act of controlling the receiver 
scanning system so that it is in step 
with the picture camera is referred 
to as synchronization, and the signals 
that do this are known as synchroniz- 
ing signals. (They are commonly re- 
ferred to as sync signals.) The sync 
signals are produced by special oscil- 
lator circuits and are sent out on the 
carrier along with the picture and 

3 



sound signals in a conventional man- 
ner. At the receiver the sync signals 
are separated from the picture signals 
by special circuits that are not found 
in the usual broadcast set. In the 
final analysis, however, all these spe- 
cial circuits are based upon extensions 
of well-known radio principles. 

Once the requirements of a televi- 
sion system are recognized, the special 
circuits will seem quite natural rather 
than something strange and new. By 

studying the process of scanning first, 
giving special attention to the sync 
signals, and the circuits that handle 
these signals we can make television 
circuits seem just as logical and under- 
standable as ordinary radio circuits. 
This Lesson is primarily intended to 
acquaint you with the important prob- 
lems in television and later Lessons 
will go into details on the various cir- 
cuits and the actions that take place 
in them. 

Image Scanning in Television 
Television involves a transmission 

of intelligence that reaches our brain 
through our eyes. First, let us con- 
sider what the eye sees when it looks 
at an object. Ordinarily, it looks at 
reflected light, made up of electro- 
magnetic waves; occasionally, it looks 
directly at light sources such as elec- 
tric lamps, a fire, or the sun. The eye 
sees color because the electromagnetic 
waves in the visual band have differ- 
ent frequencies, each frequency or 
group of frequencies giving, through 
the action of the brain, a color sensa- 
tion. The human eye serves as a com- 
plicated lens (much like the lens in 
a camera), for it projects these electro- 
magnetic waves on the retina, a sur- 
face at the back part of the eye. This 
retina has millions of nerve endings, 
each of which is connected to the 
brain. These nerve endings interpret 
the strength of each electromagnetic 
wave that hits them (determined by 
the brightness of the object) and they 
also interpret the frequency of the 
wave (the color of the object). Each 
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nerve ending "sees" only a tiny por- 
tion of the entire scene; the brain re- 
constructs the over-all picture by as- 
sembling all the nerve impulses. Thus, 
the eye breaks up the scene into two 
elements, each of which is transmitted 
over a separate nerve channel to the 
brain. 

One scientist calls the human eye 
nature's own television system. The 
object viewed acts as the transmitter 
system sending out electromagnetic 
waves. The eye, acting as a receiver, 
picks up the waves and relays them to 
the brain to give us the sensation of 
seeing. 

A SUGGESTED TV SYSTEM 

This action of our visual mechanism 
suggests the construction of a tele- 
vision system. Why not arrange 
thousands or millions of tiny electric 
eyes on a screen to pick up the light 
waves, and connect these by thousands 
of wires of radio -frequency transmit- 
ters to a receiver containing thousands 
of tiny glow lamps? Each of these 



would reproduce the amount of light 
picked up by its corresponding elec- 
tric eye, so the combination of all the 
lamps would reproduce the object 
viewed by the transmitter. Yes, a 
television system like this has actu- 
ally been tried for land -wire television, 
but only on a small scale. The scheme 
was found to work after a fashion, 
but obviously it was far from prac- 
tical, for entirely too many wires 
were necessary. 

PRACTICAL TV SYSTEMS 

The television systems in use today 
do not attempt to pick up a complete 
scene and transmit it to a receiver 
all at once. Instead, television takes 
advantage of an eye characteristic 
known as persistence of vision-the 
ability of the eye to retain an impres- 
sion of an object for a short time after 
the object has disappeared from view. 
This makes it possible to send a por- 
tion of a scene at a time; just so the 
entire scene is transmitted before the 
eye has had a chance to "forget" the 
first part of it. 

The scene is broken up into ele- 
ments by scanning, or by viewing a 
small portion of it at a time. Scanning 
is an operation very like what you 
are doing now as you read this page. 
You don't look at the page and at- 
tempt to read every word in one 
glance. Instead, you read the first 
line from left to right, swinging back 
quickly to the left-hand side of the 
second line, read the second line, go 
back to the beginning of the third, 
and repeat the process until you have 
taken in every word. 

That is just about what a television 
camera does. (This camera is the 
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pick-up device in a television system, 
corresponding to the microphone in 
the radio system.) In effect, an "eye" 
in the camera travels over the top 
edge of the scene from left to right, 
swings quickly back to the left-hand 
side, moves down slightly, travels 
horizontally over the scene again, and 
repeats the process until the whole 
scene has been scanned. As you no 
doubt know, or have guessed, this 
"eye" is really a light-sensitive sur- 
face that converts the light received 
from the scene into an electric cur- 
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FIG. 2. The drawing at A is reproduced 
as a series of lines at B and C. Greater 
detail is obtained by using more lines, 

as at C. 

rent. This current, which of course 
varies as different parts of the scene 
come into view of the scanning eye, 
is then transmitted by radio to the 
receiver. At the receiver, the process 
is reversed, and the original scene is 
traced out line by line. 

This is a highly simplified version of 
how a television system works, but 
it will serve to show you the basic 
idea of operation. Right now, the 
important fact for you to grasp is 
that a scene is televised "bit by bit," 
and not as a whole. 

Fig. 2 illustrates the general effect 
produced when a scene is scanned. 



Suppose we wish to televise a picture 
like that shown in Fig. 2A. After 
it has been scanned by the camera, 
transmitted to the receiver, and re- 
produced on the receiver screen, it 
will appear as shown in Figs. 2B and 
2C. That is, it will consist of a series 
of lines; these lines will vary in bright- 
ness along their length, and so make 
up the picture we see. The more lines 
we have in a given area, the greater 
the detail of the final picture. Fig. 
2C, which has 120 lines, exhibits more 

OBSERVER 

PICTURE 
ELEMENT 

SCANNING 
Omal/ DISC 

controls of the receiver, you will see 
the individual lines. If you move 
back only a few feet it will cause them 
to blend together and give good defi- 
nition. 

How Scenes are Scanned and Re- 
produced. Before considering the 
technical details of breaking up a 
scene into a number of lines, it will 
be valuable to get clearer ideas of 
how a scene is taken apart or scanned, 
and how a scene is reproduced. 

SCANNING 
MASK DISC 

i l...J 

FIG. 3. This diagram shows an elementary mechanical scanning disc system. If the 
disc is rotated rapidly enough, the observer will be unconscious of its presence, as 
persistence of vision will allow him to apparently see the entire scene, although he is 

actually viewing only a tiny spot at a time. 

detail than Fig. 2B which has only 
60 lines. 

Note that as you move the illustra- 
tions in Fig. 2 farther and farther away 
from you, a point is reached for each 
illustration where the details seem to 
blend into a complete and nearly per- 
fect reproduction of the original. This 
brings out an important fact about 
television: if a reproduced picture is 
made larger without increasing the 
number of lines, the picture will have 
to be viewed from a greater distance to 
get a satisfactory eye impression. This 
is particularly noticeable in picture 
tubes 15 inches or larger. When you 
are close to the screen, operating the 
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MECHANICAL SCANNING 
METHODS 

Even though mechanical methods of 
scanning are considered inadequate 
today, except for some experimental 
work in color television, we will con- 
sider them first since they are easier 
to understand and will help you to 
understand the electronic scanning 
methods. 

Punch a hole with a pin in the 
center of a small business card and 
hold the card up to one of your eyes 
so that you can look through the hole. 
Turn to some object or scene. Notice 
that you can see only a small part of 
the scene through the tiny hole. Now 



move the card horizontally from left 
to right; you see all the portions of 
the scene along the line that you are 
scanning. Move the card back and 
forth horizontally while shifting it 
vertically downward a little at the 
end of each line and your eye will see 
the entire scene, piece by piece. 

The Scanning Disc. In place of 
this card -scanning device we can use 
the system shown in Fig. 3A, in which 
a large number of holes are arranged 
in a spiral fashion on a rotating disc 
called the scanning disc. This disc 
really replaces the busipess card that 
we used in our previous example. One 
complete revolution of the disc gives 
one complete scanning of the entire 
picture, because each hole in the disc 
scans one line. If the disc is re- 
volved fast enough, the visual sensa- 
tion is the same as though the entire 
picture were being seen at one time. 

The exact arrangement of the holes 
on the scanning disc is shown more 
clearly in Fig. 3B. The observer is 
viewing the scene through the mask, 
a rectangular opening in a piece of 
black cardboard. As the disc is ro- 
tated, each hole moves across the 
opening in the mask, the outermost 
hole in the spiral moving across the 
top of the opening and each succeed- 
ing hole moving across one line down. 
Finally, when the innermost hole has 
moved across the bottom of the open- 
ing, the outermost hole again scans the 
top line atid the entire scanning proc- 
ess starts over again. 

MECHANICAL TV 
TRANSMITTERS 

If the observer in Fig. 3A is re- 
placed with a light-sensitive cell, this 

cell will deliver a varying electric 
current that is at all times proportional 
to the amount of light that is reaching 
the cell, and therefore proportional 
to the shade of lightness or darkness 
of the element of the picture that is 
being scanned at a particular instant. 
This arrangement gives us a means of 
converting a picture or scene into a 
varying electrical current. This cur - 

Courtesy Don Lee Broadcasting System 

The engineer is holding an electronic 
pickup tube such as is used in tele- 
vision studios. Scanning is accomplished 
within this tube by electronic means. 

rent, or picture signal, can be ampli- 
fied and placed on a radio carrier for 
transmission through space. At the 
receiver, a carrier can be demodulated 
and the picture signal amplified suffi- 
ciently to operate a picture reproducer. 

MECHANICAL TV RECEIVERS 

In the early television receivers, the 
amplified picture signal was fed to a 
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neon glow tube like that shown in 
Fig. 4A. This lamp consisted of a 
wire anode and a rectangular flat 
metal piece (the same size as the 
reproduced picture) that served as a 
cathode. These elements were en- 
closed in a gas -filled envelope. A red 
glow of light formed on the plate 
when sufficient voltage was applied 
between the electrodes; the intensity 
of this glow varied with the applied 

o 

AREA OF IMAGE 

DISC 

EYE 

o 
FIG. 4. An early type of mechanical 
television reproducer. The glow -lamp 
light depended on the brilliancy of the 
spot being scanned at the transmitter at 
that moment. The scanning disc is syn- 
chronized (in step) with the transmitter 
disc so that it arranges the light elements 

in their proper sequence. 

voltage. The amplified picture signal 
was made to change the applied volt- 
age, thus changing the intensity of 
the glow. 

A pin -hole scanning disc was ro- 
tated before the glow lamp in such 
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a way that the holes scanned the glow- 
ing plate. The transmitter and the 
receiver were so synchronized that 
when the scanning disc at the trans- 
mitter started to scan the top line of 
the scene, the receiver scanning disc 
likewise started to scan the top line. 
Line -by-line scanning discs were kept 
in step or in synchronization, so that 
the intensity of the glow lamp at any 
instant corresponded to the intensity 
of the light reflected from that same 
element on the actual scene. The ar- 
rangement of the scanning disc and 
the glow lamp are shown in Fig. 4B. 
The lens shown is a magnifying glass 
that is used to enlarge the image to 
three or four times the size of the 
glow lamp plate. 

ELECTRONIC TV 
TRANSMITTERS 

Although present-day methods of 
scanning in picture reconstruction dif- 
fer greatly from the method just de- 
scribed, the principle of breaking up 
the picture into a number of elements 
that are scanned line after line is still 
used. Fig. 5 illustrates the basic ele- 
ments of an electronic television 
camera. The scene is focused on the 
photoelectric plate by a high-grade 
camera lens combination. This light- 
sensitive photoelectric plate consists 
of millions of tiny light-sensitive 
spots, each insulated from the others 
and each scarcely larger than the point 
of a pin. Under a microscope this 
plate looks as if it were covered with 
grains of sand. 

When a scene is projected on the 
photoelectric plate by the lens, the 
action of light drives out the electrons 
from each of the tiny light-sensitive 
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units. These electrons pass through 
the space in the tube to a conducting 
surface on the inside of the glass 
envelope, which is at a high positive 
voltage and therefore attracts the elec- 
trons. The action of light thus leaves 
the photoelectric plate elements more 
or less positively charged (because 
they have lost their electrons) . 

Naturally, the amount of electron 
loss from any given section of this 
photoelectric plate depends upon the 
amount of light reaching that section. 
Thus, some spots on the plate are more 

OPENING FOR OPERATOR 
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FIG. 5. A cut -away view showing the 
arrangement of parts inside one type of 

electronic television camera. 

positively charged than others, and we 
actually have an electronic image of 
the scene. An electron gun now shoots 
a fine stream of electrons at the photo- 
electric plate. Electromagnetic deflec- 
tion coils (here designated as the "de- 
flecting yoke") shift the electron beam 
horizontally and vertically, one line 
at a time, to scan the entire photoelec- 
tric plate from top to bottom. When 
this electron stream strikes a posi- 
tively charged surface, that surface 
recovers its electrons and, in so doing, 
relays the charge to a flat metal sup - 
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porting electrode that is back of, but 
insulated from, the photoelectric plate. 

In this manner, an electronic im- 
pulse is relayed from each spot that 
is hit by the electron beam. The size 
of each impulse corresponds to the 
amount of light striking the spot, so 

the sum of all the impulses (sent one 
at a time) constitutes a picture signal. 

The supporting electrode collects the 
picture signal and, after a great deal 
of amplification, the picture signal is 
placed on a carrier wave and trans- 
mitted through space, just as in the 
mechanical television system. In ad- 
dition to this, impulses are sent at the 
end of each vertical scan or frame of 
a new picture, to keep the image - 
reconstructing device in step with the 
scanning mechanism at the transmit- 
ter. 

While the picture and synchronizing 
signals are being sent out, a sound 
carrier is also being transmitted. This 
carrier is always separated by 4.5 
megacycles from the picture carrier. 
The sound is transmitted by f.m. 
modulation in essentially the same 
way as in f.m. program broadcasting 
except the frequency deviation is plus 
or minus 25 kc., which is much less 
than ordinary f.m. modulation. How- 
ever, the sound signal of a TV system, 
if a satisfactory audio amplifier is 
used, is entirely adequate. 

ELECTRONIC TV RECEIVERS 

Fig. 6 shows a simplified diagram 
of a typical electronic picture recon- 
structor. This employs an electron 
gun and two sets of electromagnetic 
deflecting coils. Special oscillators 
generate the current pulses that flow 
through these coils; the oscillators are 
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FIG. 6. A simplified diagram of an elec- 
tronic picture reconstructor tube. 

controlled by the synchronizing im- 
pulses sent out by the transmitter. 
A spot of light appears on the fluores- 
cent screen at the end of the tube when 
it is hit by the electron beam that is 
produced by the electron gun; the 
brilliance of the spot increases with 
the number and speed of the electrons 
in the beam. The picture -signal volt- 
age controls the speed and number of 
electrons in the beam by means of a 
special grid electrode, and the deflect- 
ing coils carry the current which re- 
sults in the scanning of the beam 
across, and up and down, the screen. 
The combined action is such that while 
the beam is sweeping across the screen, 
its intensity is changing continually in 
accordance with the picture signal, 
and the effect of "painting" light on 
the screen is secured. The current 
through the deflecting coils is pro- 
duced by special circuits that are kept 

LINE 
IMPULSES 

BLACK 

GREY 

WHITE- 

in step with the scanning at the trans- 
mitter by special signals commonly 
called vertical and horizontal sync 
pulses. 

During the transmission of a tele- 
vision signal the horizontal sync pulse 
exists for an instant after each line 
has been scanned and the vertical sync 
pulse exists for a longer period after 
each frame has been scanned. (A 
frame is one complete scanning of 
every part of the picture that is being 
transmitted.) It is not necessary for 
the video signals to exist while sync 
pulses are being transmitted and as 
a matter of fact the video (picture) 
signals are stopped entirely during the 
transmission of sync pulses. 

There is sufficient difference be- 
tween the horizontal and vertical sync 
pulses so that they may be readily 
separated at the receiver by R -C filters 
and applied to the proper control cir- 
cuits. This separation can easily be 
accomplished, because the vertical 
sync pulse lasts a much longer time 
than does the horizontal sync pulse, 
and by allowing the sync pulse volt- 
ages to build up across a condenser 
it is possible to use capacities of such 
size that they will definitely discrimi- 
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--BLACK BLACK LEVEL 
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FIG. 7. This diagram shows the three essential components of a television signal- 
the video signal, the horizontal sync pulse, and the vertical sync pulse. This is a 
modulated d.c. signal. Since the picture signal voltage swings in a negative direction 
with increases in line brilliancy, we have what is known as a negative picture phase. 

10 



nate in favor of either the horizontal 
or vertical sync pulse. This, too, will 
be described in detail later on. The 
three basic components in a television 
signal (the picture or video signal, 
the horizontal sync pulses, and the 
vertical sync pulses) are transmitted 
as shown in Fig. 7. The r.f. carrier 
will be considered later and hence is 
not shown in this diagram. 

First of all, notice that this tele- 
vision signal is a pulsating d.c. signal 
with all its components above the zero 
voltage line, which is known as the 
white level. The video or picture sig- 
nal is contained between the white 
level and the black level. The sync 
pulses are all between the black level 
and what is commonly known as the 
blacker -than -black level. In other 
words, signals that swing above the 
black level do not cause any lines to 
become visible on the face of the pic- 
ture tube. 

The vertical sync pulse lasts about 
three times as long as the time for one 
line. The black level is 75% of the 
maximum television signal amplitude. 

Notice that points 1, 2, 3, 4, and 5 

along the video signal, corresponding 
to elements along one line of the pic- 
ture that is being scanned, are for 
increasing values of brightness, with 
point 1 corresponding to a black ele- 
mental' area on the picture, points 2, 

3, and 4 for gray areas, and point 5 

for a white area. When increases in 

brilliancy make the picture signal 
voltage swing in a negative direction 
in this manner, we say that the pic- 
ture has a negative picture phase. The 
sync pulses are kept in the region that 
is never occupied by the video signal 
in order to make possible the use of a 
biased triode or diode tube for sync 
separation of these pulses from the 
video signal. You will also notice 
from Fig. 7 that before and after each 
sync pulse the television signal voltage 
remains constant for a short interval 
of time. These constant voltage com- 
ponents are known as pedestals. 

In a.m. broadcasting, the large 
carrier currents correspond to the 
loud sounds, and low carrier currents 
correspond to the weak sounds. Ex- 
actly the opposite is true in sight trans- 
mission. With a very -high frequency 
r.f. carrier that is modulated with a 
television signal as shown in Fig. 7, 

the white components of the television 
signal will exist as low carrier cur- 
rents and the sync pulses will exist as 
large r.f. carrier currents. This type 
of modulation is known as negative 
modulation. It is necessary that the 
sync pulses represent the highest cur- 
rents so that they will be less affected 
by noise pulses. Negative modulation 
is always used in broadcasting tele- 
vision programs in this country. 
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The Cathode -Ray Tube as an 
Image Reproducer 

While electromechanical methods of 
picture scanning and reproduction are 
feasible, they are far more cumbersome 
than electrical methods. On the other 
hand, the electrical methods, employ- 
ing various types of cathode-ray tubes, 
are far more satisfactory for high defi- 
nition home television receivers than 
any mechanical system. Therefore, 
electronic systems are used ex- 
clusively. 

The two main types of cathode-ray 
picture tubes in use today are the 
electrostatic and the electromagnetic 

FIG. 8. Essential elements in a cathode- 
ray tube of the electrostatic deflection 
type used for image reconstruction in 
small inexpensive television receivers. 

types. In the electrostatic type, focus- 
ing and sweeping are done by apply- 
ing voltages to various electrodes in 
the tube. In the electromagnetic type, 
focusing and sweeping are done by 
means of magnetic fields. Both types 
will be treated extensively in your 
Course but in this Lesson we will con- 
centrate on the electrostatic type 
which is widely used in the less ex- 
pensive home receivers. 

The essential elements of this type 
of cathode-ray picture tube are shown 
in Fig. 8. They are: K-the cathode, 
which emits electrons when heated; 

F-the filament, which heats the 
cathode; Al and A2-anodes which 
accelerate the electrons and focus 
them into a narrow beam; S-the 
fluorescent screen, which glows when 
hit by the electron beam; G-the con- 
trol electrode which controls the num- 
ber of electrons entering the electron 
beam and thus controls the brightness 
of the spot on the screen. This elec- 
trode is called the control grid even 
though it looks entirely different from 
the grid in an ordinary vacuum tube; 
V-the vertical deflecting plates which 
move the beam up and down on the 
screen; H-the horizontal deflecting 
plates, which move the beam hori- 
zontally in either direction. 

Electrode A2 is always at a higher 
positive potential than electrode Al. 
As much as 5000 or 6000 volts may be 
applied to electrode A2. The voltage 
applied to electrode Al is variable and 
is controlled by means of a potentiom- 
eter. By varying this voltage the 
beam is focused to a sharp point. 
The high voltages applied to these 
two electrodes serve to accelerate the 
electrons in the beam, giving them 
greater speed and hence increasing the 
brightness of the image obtained on 
the face of the tube. 

Control grid G is always negative 
with respect to cathode K, the value 
of this negative potential determines 
the number of electrons that the 
cathode can force through the control 
grid into the electron beam. When 
correct grid and anode voltages are 
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applied to the tube and no voltage dif- 
ference exists between the two vertical 
plates and between the two horizontal 
plates, the beam travels straight out 
and strikes the center of the screen. 
The resulting spot will be in the center 
of the screen as indicated in Fig. 8. 

Increasing the negative voltage on the 
control grid reduces the number of 
electrons in the beam and reduces 
the brightness of the spot. 

The negative bias between the con- 
trol grid and cathode is adjusted so 
that the screen is almost dark when 
no television signal is. present. The 
television signal is applied in series 
with the negative grid bias in such a 
way that the spot will be black each 
time a pedestal is transmitted. This 
condition is secured when the pedestals 
(sync pulses) line up with the bril- 
liancy cut-off point on the characteris- 
tic curve of the picture tube. 

Video signals make the control grid 
less negative, swinging the grid above 
the cut-off point, thus varying the 
brightness of the spot on the screen. 
The sync pulses make the control grid 
more negative than the cut-off voltage 
so that the screen will be dark during 
the very short intervals of their dura- 
tion. Thus the retraces as the beam 
swings back to its starting point do 
not appear as lines in the picture. 

The spot is in the center of the 
screen only when there are no voltage 
differences between the vertical de- 
flecting electrodes and between the 
horizontal deflecting electrodes. Now 
let us see how these electrodes can be 
made to move the spot to any desired 
point on the screen. Referring to Fig. 
9, notice that we have an electron 
beam traveling between two oppositely 

charged metal plates. Remember that 
the electrons in this beam have nega- 
tive charges; this means that the posi- 
tively charged plate will attract these 
electrons while the negatively charged 
plate repels them, thus bending the 
beam upward and causing it to strike 
the fluorescent screen at point b rather 
than at a, the center. The greater 
the voltage between these two deflect- 
ing plates, the more bending of the 
electron beam there will be. 

The electron beam, however, must 
be moved in a definite manner if it is 
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FIG. 9. An electron beam passing be- 
tween two oppositely charged plates is 
always bent toward the positive plate. 

to produce an image on the television 
screen. You will remember that the 
scanning process in a television 
camera involves analyzing the scene 
line by line in a manner exactly simi- 
lar to that in which our eyes read 
this printed page. First of all, it is 
necessary to have some means for 
sweeping the electron beam gradually 
from left to right in a horizontal line, 
then quickly back again to the left, 
with this horizontal line sweeping mo- 
tion being repeated continuously. 

We can secure a horizontal sweep- 
ing of the beam by varying either the 
electromagnetic or the electrostatic 
field in the tube. As stated before, 
the magnetic method will be studied 
later. We will now study the electro- 
static sweep which is obtained by ap- 
plying to the horizontal deflecting 
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plates of an electrostatic type picture 
tube a voltage having the characteris- 
tic shown in Fig. 10. Due to the shape 
of this curve we call this a saw -tooth 
voltage. A push-pull amplifier is used 
to drive these plates, and the signals 
delivered by the amplifier tubes are 
180° out of phase. Thus when one 
plate is being driven positive, the other 
is being driven negative. 

Observe that at points 1, 2, 3, and 4 
in Figs. l0A and 10B there is no volt- 
age difference between the two plates. 
The voltage on plate x is positive at 
points 8 and 9 and negative at points 
5, 6, and 7. 

Conversely, plate y is positive at 
points 5, 6, and 7 and negative at 
points 8 and 9 (see Fig. 10C). If the 
voltage is applied to plates x and y 
in Fig. 9, plate x will be positive when 
the voltage is following path 1-8-2 and 
negative when the voltage is follow- 
ing path 2-6-3 in Fig. 10B. 

At the same time (see Fig. 10C) 
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FIG. 10. (A) Wave form of saw -tooth 
voltage used for electrostatic sweep. (B) 
Sweep voltage for plate x. (C) Sweep 

voltage for plate y. 
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plate y will be negative when the volt- 
age is following path 1-8-2 and posi- 
tive when the voltage is following 
path 2-6-3. When plate x acts as the 
positive plate, then plate y is nega- 
tive and vice versa. 

When the charge is at point 1 the 
deflecting plates will have equal volt- 
ages on them and they will have no 
effect upon the electron beam and the 
spot will be in the exact center of 
the screen. As the charges on plates 
x and y approach point 8 the electron 
beam will be attracted gradually and 
uniformly toward plate x and repelled 
in the same manner from plate y. As 
the charges drop to zero again at 
point 2, the spot will move rapidly 
back to the center of the screen. From 
point 2 to point 6 plate x will become 
increasingly negative, repelling the 
beam and bending it toward plate y 
which is becoming increasingly posi- 
tive. From point 6 to point 9 the 
beam will move gradually from plate 
y to plate x, and from point 9 to point 
7 the beam will move rapidly back 
toward plate y again. 

We have seen that a saw -tooth volt- 
age of the form shown in Fig. l0A 
will produce the desired sweep of the 
electron beam. If this saw 2tooth volt- 
age is applied to horizontal deflect- 
ing plates H in Fig. 8, it will cause 
the spot to sweep slowly from left to 
right across the screen, then return 
rapidly to the left again. If this 
voltage is applied to the vertical de- 
flecting plates V in Fig. 8, it will 
cause the spot to move gradually from 
top to bottom and return rapidly to 
the top again. 

In the earlier part of your Course 
you made a preliminary study of the 



special oscillator circuits used to pro- 
duce these saw -tooth voltages. Later, 
however, we will cover them again in 
greater detail. 

None of these circuits are absolutely 
steady in frequency, and it is there- 
fore necessary to send synchronizing 
signals along with the television signal 
for the purpose of controlling and 
stabilizing the sweep circuits. One 
saw -tooth oscillator circuit is required 
for the horizontal sweep and another 
for the vertical sweep. The horizon- 
tal sweep circuit builds up its voltage 
uniformly from point 5 to point 1 to 
point 8 in Fig. 10A; at point 8, corre- 
sponding to the end of the line, a hori- 
zontal sync pulse arrives with the 
television signal and causes this volt- 
age to drop back to point 6 rapidly. 
The building up of the voltage starts 
again, only to be stopped at point 9 

by another horizontal sync pulse. 
Since the sharp decreases in voltage 

are accurately controlled by the trans- 
mitter through the horizontal sync 
pulses, we know that the electron beam 
in the picture tube will be swept hori- 
zontally in exact synchronism with 
the scanning device at the transmitter. 
The vertical sweep circuit operates at 
a much lower frequency, and is con- 
trolled in the same manner by the 
vertical sync pulses broadcast by the 
transmitter. 

Now let us follow the movement of 
the spot on the screen of a picture 
tube as it is swept back and forth and 
up and down by the sync -pulse con- 
trolled sweep circuits. 

When the beam is under the control 
of the horizontal and vertical sweep 
voltages, we can consider its starting 
point to be point 1 in Fig. 11, at the 
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FIG. 11. The path traced on the fluores- 
cent screen of a television cathode-ray 
tube by an electron beam under the in- 
fluence of horizontal and vertical saw - 
tooth sweep voltages is shown in this dia- 
gram. The wave forms of the sweep volt- 
ages are shown above and at the right of 
the screen; these voltages are applied be- 
tween deflecting plates in each case. Thus, 
when horizontal plate IL is highly nega- 
tive at (1), the spot will be at the extreme 
left side of the screen at point 1; when 
this plate is at zero potential (a), the spot 
will be at a in the center of the screen; 
when this plate is highly positive (2), the 
spot will be at the extreme right side of 
the screen at 2; when the saw -tooth volt- 
age drops suddenly back to the highly 
negative value (2 to b to 3), the spot flies 
back from 2 to b to 3 on the screen. Like- 
wise, when vertical plate V. is highly nega- 
tive (1), the spot will be at the top of 
the screen at point 1; when this plate is 
at zero potential, the spot will be halfway 
down the screen at point 18; when this 
plate is highly positive (36), the spot will 
be at the bottom of the screen at point 36; 
when the saw -tooth voltage drops suddenly 
back to the highly negative value 36 to 1, 
the spot flies up from 36 to 1 on the 
screen over a zig -zag path which for sim- 
plicity is shown here as a straight line. 

upper left-hand corner of the screen. 
Here the spot has been bent far to 
the left. From this point the hori- 
zontal sweep voltage gradually allows 
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the beam to "unbend" or return to 
the center of the top line. The beam 
is then gradually bent in the opposite 
direction until the spot reaches the 
right-hand edge of the screen. While 
this action occurs, the vertical sweep 
voltage is gradually moving the spot 
in a downward direction; a distance 
equal to the spacing between two 
lines. 

At point 2 a horizontal sync pulse 
arrives from the transmitter, causing 
the horizontal sweep voltage to move 
the spot almost instantly back to the 
left-hand side of the screen along the 
dotted line path 2-3. This return mo- 
tion is very rapid and if a trace is 
made it could not be seen as such, but 
sometimes, if the receiver is not prop- 
erly adjusted, it will produce on the 
screen a faint haze or glow instead 
of a line. 

This process continues for each 
other line until the spot is swept to 
point 36 at the end of the last line. 
At this time the vertical sync pulse 
arrives from the transmitter and stops 
the gradual building up of the vertical 
sweep voltage, causing the spot to 
move back up to the top of the screen. 
The vertical sweep voltage drops back 
to its starting value at a rapid rate, 

but the change takes more time than 
is required for a complete horizontal 
sweep. As a result, the spot actually 
takes a zig -zag path from side to side 
as it is being returned to the top of 
the screen. For simplicity the vertical 
retrace is shown as a straight-line 
path, 36-1, in Fig. 11. Actually, if 
the receiver is misadjusted you will 
see a number of diagonal lines, across 
the screen, which is the vertical re- 
trace. 

The scanning path just described, 
going from point 1 down to point 36 
and then back to point 1 again con- 
stitutes one complete normal scanning 
of the scene or one frame. The entire 
process is repeated for each succeed- 
ing scanning. 

When either the horizontal or the 
vertical sync pulse is being sent by 
the transmitter, no television picture 
signal exists and the appearance of 
retrace lines would only cause diagonal 
streaks in the picture, marring repro- 
duction. The sync pulses are applied 
to the control grid of the picture tube 
in the receiver in such a way that they 
drive the grid highly negative, causing 
almost complete cut-off of the electron 
beam and thereby preventing retraces 
from showing. 
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Image Detail 
A consideration of the processes of 

scanning and reproduction just de- 
scribed should make it clear to you 
that the video signal exists only while 
the spot is traveling from left to right 
along the line. At all other times the 
television transmitter is sending out 
pedestals with synchronizing signals. 
The changes in the intensity of the 
video signal from one instant to an- 
other produce the essential picture de- 
tail. The more changes there are per 
line for an actual given scene that is 
being scanned, the greater will be the 
amount of detail in the reproduction. 

The more frames there are per sec- 
ond, the better they blend and the 
less chance there is for the eye to see 
them individually. If too few are 
transmitted, flickering results. In- 
creasing the number of frames per 
second reduces flicker. 

Greater detail can be obtained by 
increasing the number of lines per 
frame. Both the number of frames 
per second and the number of lines per 
frame contribute to high definition, or 
high-fidelity reproduction. However, 
there are definite limits to the number 
of lines and frames that can be handled 
economically. Let us first examine the 
factors that determine the high fre- 
quencies. 

PICTURE ELEMENTS 

All television equipment must be 
designed to handle the maximum fre- 
quency of the picture signal current. 
To calculate the maximum frequency 
of a signal it is assumed that the 
picture being scanned consists of a 

checkerboard pattern of black and 
white squares, as shown in Fig. 12, 

with each square being equal in size 
to one of the sensitized spots on the 
photoelectric plate of the television 
camera. Since each of these is the 
smallest part of the scene the camera 
can see, they are called picture ele- 
ments. The signal current is said to 
go through one cycle each time the 

FIG. 12. The photoelectric plate can be 
visualized as a checkerboard of dark and 
light squares. Each square stands for a 
light-sensitive spot or picture element. 

electron scanning beam passes over 
one light and one dark picture element 
as shown in Fig. 13, because the signal 
current goes through a maximum and 
a minimum value each time this 
happens. 

To find the maximum frequency of 
the picture -signal current, all we have 
to do is compute the number of picture 
elements that are scanned per second 
and divide by two, since one cycle 
consists of two elements. 
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If each picture element is considered 
to be as high as it is wide, it is easy 
to compute the number of elements 
in one complete picture. For example, 
in a square picture with N lines there 
will be N picture elements per line, 
or N times N picture elements in the 
complete square picture, which is 
known technically as one frame. For 

R 
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FIG. 13. The signal goes through one 
cycle each time the beam passes over one 

dark and one light element. 

example, at present the television 
standards call for a 525 -line picture. 
Hence, in a square picture there would 
be 525 times 525 or 275,625 picture 
elements. For ordinary calculations, 
276,000 elements will be sufficiently 
accurate. 

Aspect Ratio. The pictures that 
are commonly involved in television 
are not square, however. They are 
wider than they are high as shown in 
Fig. 14. The width of a picture divided 
by its height is called the aspect ratio 
which, in order to conform to motion 
picture standards, has been standard- 
ized at 4/3 or 1.33. This means that 
the number of elements in each line 
has been increased by the aspect ratio 
which we will designate as A. Now 
the number of picture elements per 
frame, or picture, will be N times N 
times A. For the example just con- 
sidered, the total number of elements 
will therefore be 276,000 times 4/3, 
or 368,000. 

FRAME FREQUENCY 

The number of pictures sent per 
second is the frame or picture fre- 
quency. It is designated as F. By 
multiplying the number of elements 
in a frame by the frame frequency, 
we get the total number of picture ele- 
ments per second. This total number 
of elements per second is N times N 
times A times F. Since it takes two 
picture elements to make a cycle, we 
get the maximum number of cycles 
per second by dividing this formula 
by two. The standard frame fre- 
quency is 30. In our example, then, 
we get the frequency involved by mul- 
tiplying 368,000 by 30 and then divid- 
ing by 2. The result is 5,520,000 
cycles per second. 

SYNCHRONIZING PULSES 

In practice the picture is scanned 
only about 85% of the time. The 
remainder is used for horizontal and 
vertical sync pulses. This increases 
our maximum picture frequency be- 
cause it crowds our elements into 85% 
or 85/100 of a second. We, therefore, 
multiply our computed value by 1.17, 
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FIG. 14. When the picture is changed 
to the rectangular form shown here, the 
elements of a square picture are multi- 

plied by 4/3. 
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making the maximum theoretical 
picture frequency 1.17 times 5,520,000, 
or approximately 6,460,000 cycles. 

In our analysis of the theoretical 
maximum frequency we have assumed 
that there is always a sharp contrast 
between adjacent elements of a scene. 
This is not true in practice. Several 
adjacent picture elements may reflect 
the same or nearly the same amount 
of light. Also, in moving scenes, it is 
not necessary to transmit slight varia- 
tions between adjacent elements. This 
is illustrated roughly in Fig. 15. Ac- 
tually, the picture would be broken up 
into much smaller elements, but even 
here with the relatively large squares 
you can see that in many instances 
there is practically no change from 
one square to another. The average 
scene thus requires considerably less 
than the maximum frequency. Prac- 
tice has shown that apparatus capable 
of sending about 60% of the maximum 
theoretical frequency is satisfactory. 
Since the maximum number of cycles 
was assumed in our example, we mul- 
tiply 6,460,000 by .6 and get about 
3,900,000 cycles or 3.9 megacycles, as 
the actual frequency. Any increase 
in this frequency up to the limit of 
4.5 megacycles that is permitted with- 
in a television band gives a definite 
improvement in fidelity. 

Monotones Require Very Low 
Frequencies. The upper part of an 
outdoor scene, like the sky, as shown 
in Fig. 16, is usually bright, while the 
lower part is considerably darker. 
The picture elements in such a scene 
vary in light intensity at a high level 
for the upper half of the picture and 
at a low level for the remainder. This 
gives one cycle of change from light 

to dark for each scanning. Transmit- 
ting these changes properly calls for 
a low frequency corresponding to the 
vertical scanning frequency (the frame 
frequency) . However, within the back- 
ground, satisfactory reproduction of 
the slow changes in intensity requires 
frequencies down to at least 10 cycles. 
Therefore, for a 525 -line picture with 
an aspect ratio of 4/3 and a frame fre- 
quency of 30, the picture frequency 
ranges from 10 cycles to about 3.9 
megacycles. 
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FIG. 15. Not all the neighboring spots 
on a line vary in shade. This reduces 

the necessary maximum frequency. 

FLICKER 

The human eye is sluggish in its re- 
sponse to moving objects, for it con- 
tinues to see an object even after 
the object has disappeared. Motion 
pictures depend upon this persistence - 
of -vision characteristic of the human 
eye. In a motion picture projection 
twenty-four separate still pictures per 
second are flashed upon the screen in 
sequence, but the eye sees a continuous 
action rather than a series of sepa- 
rate pictures. The eye can detect in- 
dividual views up to a rate of about 
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10 pictures per second, but above this 
rate the scenes blend together, accom- 
panied by pulsating light impressions 
which give the effect of flicker. At 
about 20 pictures per second the blend- 
ing of pictures into motion is almost 
perfect, but flicker is still not entirely 
absent. Even at 24 pictures per sec- 
ond, the standard in the motion pic- 
ture industry, flicker can still be 
noticed. For this reason motion pic- 
ture projectors have a shutter in front 
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FIG. 16. Changing from a bright sky to 
a dark foreground once each frame, as in 
a scene like this, would require a 30 - 
cycle frequency. Others with less vari- 
ation could require frequencies as low 

as 10 cycles. 

of the lens that breaks up each still 
picture into two separate views, giv- 
ing the effect of 48 pictures per sec- 
ond, although only 24 of them are dif- 
ferent. As you will see shortly, much 
the same thing is done in television. 

In television the frequency of the 
available a.c. power has considerable 
effect upon the choice of a frame fre- 

quency (number of pictures transmit- 
ted per second). Since the power line 
frequency in the United States is 
standardized at 60 cycles, ripple volt- 
ages at this frequency or some mul- 
tiple of it will get into the video sig- 
nal and the sweep voltages, tending 
to cause ripple effects, wobbling of the 
picture, and random movement of 
bright bands on the image if the num- 
ber of pictures is increased to 48, or 
even 72, in order to eliminate flicker. 
By using a frame frequency equal to 
some sub -multiple of 60 (such as 30 
or 20) or some multiple of 60 (such 
as 60, 120 or 240), these ripple effects 
can be removed or at least made sta- 
tionary so that they will be less ob- 
jectionable. Frame frequencies of 20 
or 30 are still too low to eliminate 
flicker entirely. On the other hand, 
a frame frequency of 120 pictures per 
second would increase the maximum 
frequency of the video signal to an 
extremely high value. There is left 
then, a scanning rate of 60 complete 
frames per second, which imposes quite 
a burden upon the transmitting sys- 
tem, insofar as maximum frequency 
range is concerned. With a 525 -line 
image being scanned 60 complete times 
each second, the upper frequency limit 
for high definition becomes about 7.8 
megacycles. It is possible to make 
amplifiers that will handle a range of 
from 10 cycles to 7.8 megacycles, but 
the cost of these amplifiers is so high 
that the production of inexpensive 
television receivers would become a 
serious problem. 
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Interlaced Scanning 
To avoid increasing the frequency 

requirements of TV systems and to 
eliminate flicker, a simple scanning 
trick is used that makes the maxi- 
mum video signal frequency corre- 
spond to that of a 30 -picture -per -sec- 
ond transmission while still keeping 
the scanning rate at 60 pictures per 
second. In this system, known as 
interlaced scanning, only half of a 
picture is transmitted during one com- 
plete scanning. The other half is 
transmitted in the next complete scan- 
ning. Lines 1, 3, 5, 7 and all other odd 
lines are covered during one scanning, 
and lines 2, 4, 6, 8 and the other even 
numbered lines are covered during the 
next scanning. Two complete scan- 
nings are therefore required to cover 
every elemental dot area on the scene 
that is being televised. 

At the receiver there must like- 
wise be two complete scannings to give 
a complete reproduction of the image. 
With interlaced scanning, the frame 
or picture frequency is 30 cycles per 
second, since that is the number of 
complete pictures transmitted. For 
each complete picture the scene is 
scanned twice, so the vertical sweep 
frequency (field frequency) is 60 
times per second. In referring to a 
field we mean the area covered during 
one vertical sweep of the scene. In 
ordinary scanning the field is the en- 
tire scene, but in double interlaced 
scanning the field is only half of the 
scene. By the frame we mean one 
complete scanning of every elemental 
area in a scene. In ordinary scanning 
this occurs for each vertical sweep, but 

in interlaced scanning two vertical 
sweeps are required for a frame. 

For double interlaced scanning of a 
given number of lines per second at a 
given frame frequency there are two 
requirements: 1, an odd number of 
lines per picture; 2, a vertical scan- 
ning rate that is twice the frame fre- 
quency. 

This automatically gives scanning 
of the odd -numbered lines during one 
vertical sweep and scanning of the 
even -numbered lines during the next 
vertical sweep, with odd and even line 
scanning alternating automatically. 

Just how this may be done is best 
illustrated by an example, but instead 
of using a 525 -line image that would 
be too cumbersome, a lower number 
of lines will be used to illustrate the 
principles involved. 

Suppose we divide our picture into 
ten lines as shown in Fig. 17A and that 
we scan this complete scene ten times 
per second which gives a vertical sweep 
frequency of 10 per second. This 
means that one complete scanning of 
the scene, starting at point 1, pro- 
ceeding to 2, 3, 4, 5 . . . 17, 18, 19, 20 
and then returning to point 1, will 
take 1/10 of a second. Assuming fly- 
back time to be negligible in these 
examples, we see that it will take 1/100 
of a second to scan one line, moving 
from point 1 to point 2 and back to 
the starting point of the next line at 
point 3. 

Now suppose that we scan the scene, 
which has an even number of lines, 20 
times per second by doubling the 
vertical sweep frequency. We will 
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FIG.. 17. These diagrams show that in- 
terlaced scanning can occur only when 
there is an odd number of lines in the 
scene and the vertical sweep frequency 
is twice the rate for normal scanning. 
Under these conditions, the same number 
of lines is transmitted each second with 
either normal or interlaced scanning. 

still be scanning the same total num- 
ber of lines per second, and it will still 
take 1/100 of a second to scan one 
line. But now only five lines will be 
covered in one complete scanning from 
top to bottom. Referring to Fig. 17B, 
the scanning path starts at 1 and 
goes to points 2, 3, 4, 5, 6, 7, 8, 9, and 
10 during one complete scanning of the 
scene. Vertical fly -back now brings 
us to point 11 at the upper left-hand 
corner and we cover exactly the same 
scanning path for the second scanning 
of the scene. This shows that a tele- 
vision system using an even number 
of lines per picture could not secure 
interlaced scanning by doubling the 
vertical sweep frequency. 

Now let us take an example in which 
we have an odd number of lines (11) 

per picture, and we use a vertical 
sweep frequency of 10 per second as 
indicated in Fig. 17C. All eleven lines 
are covered in one complete scanning, 
and vertical fly -back takes us directly 
from point 22 back to the starting 
point at 1. 

Next, suppose we double the vertical 
sweep frequency, giving 20 complete 
scannings of the picture per second 
without changing the total number of 
lines transmitted per second. This 
doubles the speed at which the scan- 
ning spot is moved downward, so that 
we arrive at point x in Fig. 17D (at 
the bottom of the picture) in exactly 
the same time it took to reach point 
x in the middle of the picture in Fig. 
17C. 

In Fig. 17D, however, we have 
scanned only half the lowest line when 
vertical fly -back moves the spot up to 
point y for the following scanning. 
This time we scan along path 12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, and 22. 
From point 22 the spot goes back to 
point 1 to start the next complete 
scanning. We are thus securing inter- 
laced scanning of the complete scene. 

Interlacing twice, as illustrated in 
Fig. 17D, is standard practice. To 
secure this without changing the total 
number of lines scanned per second, 
which would change the picture detail, 
the vertical scanning frequency must 
be twice the frame frequency and there 
must be an odd number of lines per 
frame. 

Let us now consider interlaced 
scanning in terms of the standards in 
use for television. With 525 lines per 
frame, a vertical scanning frequency 
of 60 per second, and double interlaced 
scanning, the total number of lines 
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scanned per second must correspond to 
that scanned normally with a frame 
frequency of 30 per second. Multiply- 
ing 525 by 30 gives us 15,750 as the 
total number of lines scanned per sec- 
ond. This means that the frequency 
of the horizontal sweep is 15,750 cycles 
per second and that the vertical scan- 
ning sweep has a frequency of 60 
cycles per second. 

The detail in the image will corre- 

spond to that of 30 complete scannings 
per second of all lines in the 525 -line 
image. 

Actually a few lines at the top and 
bottom of each picture are blanked out 
by the blanking system associated with 
the vertical sync pulses for reasons 
that will be taken up later. The sync 
pulse itself prevents vertical fly -backs 
x -y and 22-1 in Fig. 17D from being 
visible. 

Brightness and Contrast Controls 
It is necessary that the television 

signal that is fed between the control 
grid and the cathode of the picture 
tube be pulsating d.c. and that it be 
applied to the tube in such a way that 
sync pulses will cause darkness, and 
picture signals will give various de- 
grees of spot brightness. Another re- 
quirement for faithful reproduction of 
a scene is that the pedestals all line 
up with each other at the input of 
the picture tube despite any varia- 
tions in the brightness of a scene. An 
example of this is shown in Fig. 18 
where you will note that the pedestals 
in Fig. 18A have no more amplitude 
than those shown in Fig. 18B, although 
the video signal of Fig. 18A is far 
brighter than that of Fig. 18B. 

Now let us see how signals such as 
those shown in Fig. 18 affect tube spot 
brightness when the pedestals are 
lined up with each other. Remember 
that the electron beam is focused to 
a small spot on the screen and that the 
negative voltage applied to the control 
grid of the tube determines the bril- 
liance of the spot. 

The control that this grid has upon 

the spot brilliancy is fairly linear with 
respect to the applied grid voltage, 
except that complete cut-off or darken- 
ing of the spot occurs at a definite 
high negative bias voltage. 

This is clearly illustrated in the 
curve shown in Fig. 19. Note that as 
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FIG. 18. The television signal which is 
applied between the grid and the cathode 
of a cathode-ray tube must have a con- 
stant pedestal voltage for scenes with all 
degrees of brightness, and must have a 
positive picture phase as shown here, se 
that the video signal will be positive with 
respect to the pedestal voltage, and the 
impulse signals will all be more negative 

than the pedestal voltage. 
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the video signal drives the grid of the 
picture tube in a positive direction 
the spot brilliancy will increase. 
Points 2, 3, 4, and 5 are increasingly 
brilliant and correspond to increas- 
ingly positive control grid voltages. 
This grid -voltage brilliancy -character- 
istic curve shown in Fig. 19 is quite 
similar to the grid-voltage-plate-cur- 

Eg- BRILLIANCY 
CHARACTERISTIC 
CURVE 

CUT-OFF 

-E 

-*--IMPULSE /I 
PEDESTALS If _ 

I 

I I 
VIDEO SIGNAL 

FIG. 19. Typical grid -voltage -brightness 
characteristic curve for a cathode-ray tube 
in a television receiver. Point 1 is con- 
sidered the brilliancy cut-off point for 
the tube, as it corresponds to a spot bril- 
liance weak enough to be indistinguish- 

able to the human eye. 

rent (Eg-Ip) characteristic curve of 
the average vacuum tube. 

The negative bias on the grid of the 
picture tube must be chosen so that 
the pedestals in the applied television 
signal will be at the brilliancy cut-off 
point (point 1 in Fig. 19) on the char- 
acteristic curve of the tube. 

With the picture tube bias properly 
adjusted, the video or picture signal 
will swing the grid more positive than 
cut-off, giving various degrees of 
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brightness, and the sync pulse signals 
will drive the grid more negative than 
cut-off, so that the spot is darkened 
to the point where it cannot be seen. 
This is known as the blacker -than - 
black region of the characteristic 
curve. 

When the video portion of the signal 
shown in Fig. 19 is acting on the grid - 
cathode of the picture tube the instan- 
taneous control -grid voltage will vary 
between points 1 and 5 on the curve, 
and spot brilliancy will vary over the 
region indicated as B. The sync pulses 
associated with this signal will swing 
the grid beyond visual cut-off at point 
1, and hence cannot produce a spot on 
the screen. As long as the pedestals 
line up with the cut-off point, the 
impulses cannot produce a visible spot 
even with a weak video signal, and a 
weak video signal, corresponding to 
a dim line or a dark scene, will cause 
the brilliancy to vary in the desired 
manner over the lower portion of the 
characteristic curve, such as between 
points 1 and 2. 

However, suppose that the television 
signal in Fig. 19 were applied in such 
a way that the pedestals lined up with 
point 2. The video signal would swing 
the grid voltage positive from point 
2 up along the curve to point 6, which 
is perfectly all right since the various 
shades of brightness would appear, but 
the sync pulses would only swing a 
small amount below cut-off and would 
not darken the spot completely. As a 
result vertical retraces would be 
clearly visible at the beginning and 
end of each frame as shown in Fig. 20. 
Such a condition would not give a 
picture that is satisfactory. Hori- 
zontal retraces are not seen as lines 
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because their time duration is too short 
to result in a trace visible to the eye. 

Another undesirable condition oc- 
curs when the pedestals are beyond 
cut-off and line up with point 0 on 
the characteristic curve in Fig. 19. 

Under this condition, portions of the 

Courtesy Philco Corp. 

FIG. 20. A zigzag line rather than a 
single diagonal line appears because the 
horizontal sweep moves the beam from 
left to right several times before the ver- 

tical fly -back is completed. 

.video signal will swing into the dark 
region beyond cut-off, causing dimly 
lighted portions of the scene to appear 
black instead of gray as shown in Fig. 
21. This condition is just as undesir- 
able as that illustrated in Fig. 20. 

The operating point on the Eg- 
brilliancy characteristic curve of a 
picture tube may be shifted in two 
different ways in order to make the 
pedestals line up with the black level 
(cut-off point) of the tube. One 
method involves adjusting the fixed 
C bias of the picture tube; the control 
in a television receiver that changes 
this bias is called the brilliancy con- 
trol because its most noticeable effect 
is a change in the brilliancy of the 
reproduced image. 

It is also possible to shift the 

pedestals in one direction or the other 
to make them line up with the cut-off 
point by changing the amplitude of 
the picture signal that is applied to 
the picture tube. The amount of 
signal that reaches the grid of the 
picture tube depends upon the ampli- 
fication of the receiver, and by chang- 
ing the gain of one or more stages 
through which the television signal 
passes we can vary the amount of 
signal that will reach the picture -tube 
input. The receiver control that 
changes the gain is called the contrast 
control, because its most noticeable 
effect is a change in the amount of 
contrast between bright and dark 
areas of the reproduced image. 

If the picture appears as shown in 
Fig. 21, we can reduce the contrast 
control to restore the proper relation- 
ship between the bright and dark 
areas. On the other hand, if the re- 
ceiver amplification is too low, giving 
us a flat gray picture with insufficient 
contrast, the amplification may be in- 
creased until the desired light and 
dark relationship is obtained. 

FIG. 21. The 
justed so that 
pattern appear 

tare has 
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grid bias in this case is ad - 
gray portions of the test 
black, and we say the pic - 
too much contrast. 
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One point should be mentioned here 
that will be gone into in greater detail 
later. If the contrast is adjusted too 
high on a strong local station, some of 
the pedestals may be clipped by over- 
loading the amplifier stages in the 
receiver and it will then be impossible 
to obtain proper synchronization of 
the picture due to the loss of the sync 
pulses. 

Another requirement for a clear 
image is that the electron beam be 
focused to a clearly defined spot of 
the correct size on the screen. Im- 
proper adjustment will result in a 
fuzzy picture in which the lines are not 
clearly defined. An adjustable con- 
trol, called the focus control, is pro- 
vided to correct for errors in focusing 
due to the natural aging of the pic- 

ture tube or to changes in part values. 
The main adjustable controls for the 

sight section of a television receiver 
are the brilliancy control, the contrast 
control, the focus control, and the tun- 
ing control. Additional controls are 
also used that will be described later, 
but they are generally not on the front 
panel as they do not often require ad- 
j ustment. 

The controls on the front panel 
mentioned above must be adjusted to 
give an image that has the proper 
brilliancy and the correct contrast 
between elements along the line, with 
no vertical retraces visible. In gen- 
eral, when the brilliancy control is 
adjusted, the contrast control will also 
require resetting since there is some 
interaction between these controls. 

Television Signal Standards 
In order for a television system to 

be successful, the receiver must be 
easy to adjust, the cost of the receiver 
must be relatively low, and the trans- 
mitter must have as much control as 
possible over the receiver. This last're- 
quirement means that the receiver and 
the transmitter must be interlocked 
and synchronized. Furthermore, the 
type of transmission employed must 
be standardized to a certain extent- 
otherwise radical changes in the 
method of transmission might make 
all existing television receivers obso- 
lete. At the same time, it would not 
be advisable to set up standards in 
such a way that it would be impos- 
sible to make improvements in the 
transmitting and receiving circuits. 

Standards are essential for a success- 
ful television system, but these stand- 
ards must be sufficiently broad to per- 
mit future improvements that might 
make interlock and synchronism more 
reliable, or increase the definition of 
the reproduced scene. 

Present standards set by the FCC 
for television transmission are sum- 
marized below: 

1. Television Channel Width; 
Channel Allocations. The present 
standards provide for essentially single 
side -band transmission and reception 
(partial suppression of one set of side 
frequencies results in vestigial side - 
band transmission) , for with this 
method of operation, sufficient detail 
for a satisfactory image along with the 

26 



aNb : I . . I 

accompanying sound can be transmit- 
ted in a definite channel width of 6 

megacycles. Twelve 6 -mc. wide chan- 
nels have been allocated by the Fed- 
eral Communications Commission for 
television transmitters, as follows: 54 
to 60, 60 to 66, 66 to 72, 76 to 82, 82 
to 88, and seven other channels from 
174 to 216 mc. A number of very - 
high frequency and microwave chan- 
nels have been allocated for television 
relay purposes, such as linking the 
television studio to the transmitter by 
radio, linking the remote pick-up point 
to the transmitter by radio, or linking 
together television stations in differ- 
ent cities and towns to form a net- 
work. There is a possibility that the 
u.h.f. spectrum, around 500 mc., may 
be opened up for low -power transmit- 
ters to serve small cities and towns. 
For present-day receivers to pick up 
such transmissions a converter would 
be required. If such an addition to 
present TV channels should be made, 
such converters will be manufactured 
for them. 

2. Video and Sound Carrier Spac- 
ing. The audio and video signals that 
make up a television program cannot 
be modulated on the same r.f. carrier; 
each must have its own carrier. By 
agreement the sound carrier must be 
exactly 4.5 megacycles higher in fre- 
quency than the picture carrier. To 
prevent interference between adjacent 
television channels or between a tele- 
vision carrier signal and services 
operating on adjacent carrier frequen- 
cies, it has been further agreed that 
there must be a .25 -megacycle wide 
guard band at the high -frequency end 
of each television channel. These 
facts are illustrated by the chart in 

Fig. 22, that shows a typical distribu- 
tion of signals in one 6 -megacycle wide 
television channel. 

3. Frequency Relation Between 
Video and Sound Carrier. An example 
will best illustrate the frequency rela- 
tionship existing in a television chan- 
nel. Suppose that the 76- to 82 -mega- 
cycle channel is assigned to a partic- 
ular television station. To give the 
required .25 -megacycle guard band at 
the high -frequency end, the audio sig- 

VIDEO CARRIER SOUND CARRIER \ 
6 MC. 

.25 MC GUARD BAND 

PARTLY 
SUPPRESSED 
SIDE FREQUENCIES 4.5MC. 

LOW FREQUENCY HIGH FREQUENCY 

FIG. 22. Distribution of signals in a 
6 -megacycle -wide television channel. 

nal carrier must be placed at 81.75 
megacycles. According to the stand- 
ards, the video carrier must be 4.5 
megacycles lower, or at 77.25 mega- 
cycles. It is not practical to remove 
all of the side frequencies below the 
frequency of the video carrier, so a 
portion of the channel must be pro- 
vided for those frequencies that can- 
not be removed. This portion is indi- 
cated by the cross -hatched lines in 
Fig. 22. With this arrangement of 
a 6 -megacycle channel, the frequency 
range of television equipment can be 
improved up to a maximum of about 
4.25 megacycles without making exist- 
ing television equipment obsolete. 

4. Type of Modulation; Black Level. 
Negative modulation of the picture 
carrier signal is standard for the 
United States. As we have already 
pointed out, negative modulation 
means that bright elements of a pic - 
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Lure are transmitted at low carrier 
levels, and dark elements at high car- 
rier levels. The standards further 
specify that the black level or 
pedestal level at the transmitter shall 
be at a definite carrier level that re- 
mains fixed regardless of variations 
in sync pulse signals or in video sig- 
nals. The black level at any one 
point in a television system is the 
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FIG. 23 Modulated r.f. carrier signal, 
with the amplitudes varying in accordance 
with a television signal. A is the unmodu- 
lated, and B the peak carrier level. This 
entire figure represents the transmitted 
side band. The vestigial side band (not 
shown) is much smaller in amplitude and 

would be somewhat distorted. 

voltage that must exist at that point 
to give a just barely visible spot on 
the screen of a properly adjusted re- 
ceiver. 

5. Sync -Pulse Amplitude. Both 
horizontal and vertical sync pulses 
must be transmitted as carrier values 
higher than unmodulated carrier level 
(black level). These pulses extend 
from 75% (black level) to 100% of 
the peak carrier amplitude. The video 
signals may vary in amplitude from 
the black level down to 15% of the 
carrier level or lower. The general 
appearance of a typical modulated 
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video carrier signal as it is fed into 
the television transmitting antenna is 

shown in Fig. 23. When there is no 
modulation, the r.f. carrier will have 
amplitude A, corresponding to the 
black level. Any increases in carrier 
amplitude must be for the synchroniz- 
ing impulses; and decreases in car- 
rier amplitude must be for the video 
signals. 

6. Horizontal, Vertical, and Frame 
Frequencies. The establishment of 
standard values for these three fre- 
quencies was based upon the need for 
high -image definition with a minimum 
of flicker. The vertical scanning fre- 
quency (field frequency) is 60 times 
per second, for this value minimizes 
any trouble due to 60 -cycle power 
ripple. (In England, where 50 -cycle 
power lines are used, the field fre- 
quency has been standardized at 50 
vertical scannings per second.) Since 
double interlaced scanning is used in 
the United States, two field sweeps are 
required to analyze all of the details 
once in a particular scene; these two 
vertical or field sweeps constitute a 
frame (one complete transmission of 
the picture), and consequently the 
standard for the frame frequency is 
30 frames per second. As we have 
already seen, there are 525 lines per 
frame; this means that there are 2621/2 
lines per field. With a 525 -line pic- 
ture being sent 30 times each second, 
the horizontal frequency becomes 525 
times 30, or a total of 15,750 lines per 
second. 

7. Aspect Ratio. This ratio has 
been standardized at 4/3, correspond- 
ing to existing motion picture stand- 
ards and giving a width -to -height 
ratio of 4 to 3. 
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FIG. 24. Specifications for the standard 
television signal for 525 -line pictures 
transmitted at the rate of 30 frames per 
second with double interlaced scanning, 
giving 60 fields per second. In these dia- 
grams H is the time from the start of one 
line to the start of the next line, and is 
equal to 1/15,750 second. The time from 
the start of one field to the start of the 
next field is 1/60 second. 

Diagrams A and B show blanking and 
synchronizing signals in regions of suc- 
cessive vertical blanking pulses. The 
black level is about .75 of the synchro- 
nizing pulse amplitude. 

Horizontal dimensions in these dia - 

8. Synchronizing and Equalizing 
Impulses; Blanking. The ability of a 
television transmitter to control the re- 
produced picture at the receiver de- 
pends entirely upon the synchronizing 
impulses. Many years of research 
have been spent on this problem, and 
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grams are not drawn to scale. The re- 
ceiver vertical retrace will be complete at 
the end of about .07 V during the vertical 
blanking period. The length of the verti- 
cal blanking period produced by the trans- 
mitter may vary between .05 V and .08 V. 
The leading and trailing edges of both the 
horizontal and the vertical blanking pulses 
have slopes (not indicated in A and B), 
which should be kept as steep as possible. 

Diagram C is an enlarged detail view, 
drawn accurately to scale, of the signal 
between points D -D in diagrams A and B. 

Diagram D is an enlarged detail view, 
drawn accurately to scale, of the signal 
between points C -C in diagram B. 

many different forms of impulse sig- 
nals have been tried. The standard 
synchronizing impulses shown in Fig. 
24 have been found best suited to pres- 
ent and future requirements of tele- 
vision in this country. Pattern A 
shows, among other things, the sync 
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pulses recommended for the end of a 
frame; these will move the spot up to 
the top of the picture along the re- 
trace path for the beginning of a new 
frame. Pattern B shows the impulse 
signal sequence recommended for the 
end of the first half -frame (the end 
of the first field) ; this moves the spot 
from the bottom to the top of the pic- 
ture for the beginning of the second 
interlaced field scanning. A careful 
study of the diagrams in Fig. 24 will 
reveal five outstanding characteristics 
of a television signal: 

I. The horizontal sync pulse that is 
transmitted at the end of each line is 
not exactly rectangular. The enlarged 
diagram in Fig. 24D shows the exact 
shape of this synchronizing signal. 

II. The video signal is blanked out 
for a short interval before and after 
transmission of the horizontal sync 
pulse at the end of a line, in order 
to insure blanking during the hori- 
zontal retrace. The total time for this 
horizontal blanking shall be about 
14% of the time from the start of one 
line to the start of the next line (this 
is designated as .1411 at the right in 
Fig. 24D, H being the time from the 
start of one line to the start of the 
next line). Note that the horizontal 
pulse occupies about half of this blank- 
ing time, and that the front (leading) 
edge of the pulse is near the start of 
the horizontal blanking. The two 
portions of this blanking signal that 
are on each side of the horizontal sync 
pulse are known as pedestals, and are 
originally at the black level. 

III. The vertical sync pulse exists 
for an interval of three lines, but this 
pulse is divided into six small pulses, 
each acting for half a line. This ser- 

rated pulse is shown in Fig. 24A. Each 
vertical pulse is divided into six smalli 
pulses or serrations in order to main- 
tain horizontal sync pulses at all times.. 
These serrations will be explained ini 
detail later. 

IV. Six equalizing pulses precede, 
and six follow each vertical pulse pe-. 
Hod. The purpose of these will also 
be covered later. 

V. The vertical blanking periodi 
starts slightly ahead of the first equal- 
izing pulse and extends considerably 
beyond the last equalizing pulse; this; 
vertical blanking period should take. 
between 5% and 8% of the time for 
one vertical sweep. Note that hori- 
zontal sync pulses are transmitted dur- 
ing the latter portion of the vertical 
blanking period. 

Explanation of Standards. As. 
long as we have 60 vertical sweeps 
per second, interlaced scanning will 
continue automatically throughout a 
transmission. The vertical fly -backs 
or retraces will be 1/60 of a second 
apart; they may occur either near the 
beginning or near the end of the verti- 
cal sync pulse interval, but must oc- 
cur at the same point in each pulse 
(this point is controlled by the design 
of the reoeiver) . 

Although the leading (left-hand) 
edge of the vertical sync pulse in Fig. 
24A is directly above the leading edge 
of the vertical sync pulse in Fig. 24B, 
these actually occur 1/60 of a second 
apart due to interlacing. For this 
reason, the horizontal pulses at A and 
B in Fig. 24 are not in line. 

Experience has shown that no mat- 
ter what happens, the horizontal sync 
pulses must not stop even for a single 
line. If the vertical sync pulse were 
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made three lines long without break- 
ing it up, no horizontal pulses would 
exist for this period. To avoid the 
situation, the vertical pulse is serrated 
or separated into six smaller pulses. 

To visualize why the vertical sync 
pulse must be broken up, let us first 
assume that it is broken up into three 
pulses as shown in Fig. 25, and see 
what occurs under this condition. For 
the moment we will forget about the 
equalizing pulses. Pattern A in Fig. 
24 shows the last horizontal sync pulse 
(just before the bottom of the picture) 
as being one whole line ahead of the 
start of the vertical blanking period, 
and pattern B shows this last horizon- 
tal pulse as only half a line ahead of 
the vertical blanking period; these are 
actual conditions for successive field 
sweeps, so we must consider them in 
Fig. 25. Horizontal sync pulses must 
exist for the entire vertical blank- 
ing period; this means that there 
should be horizontal sync pulses at 
points 2, 3, 4, and 5 in Fig. 25A. At 
each of these points there is a break 
or serration in the vertical pulse; since 
the leading edge of a pulse or serration 
is sufficient to control the horizontal 
sweep in the receiver, this will give 
adequate control of the horizontal 
sweep. 

When we turn to pattern B in Fig. 
25, however, we find that horizontal 
sync pulses should occur at points 2, 
3, and 4. There are no steep leading 
edges at these points to control the 
line sweep, and consequently three 
serrations in the vertical impulse are 
not adequate for pattern B, which 
occurs for every other scanning of the 
picture. If the vertical impulse is 

divided into six parts as shown in Figs. 
24A and 24B, we secure the desired 
steep front at points 2, 3, and 4 in 
pattern B in Fig. 25. 

The vertical synchronizing pulse is 
chopped into segments by the applica- 
tion of a special signal having a rate 
twice that of the horizontal synchron- 
izing signal. Because of the difficulty 
of synchronizing this signal exactly 
with the vertical pulse, this twice - 
normal signal exists somewhat before 
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I IMPULSE INTERVAL ,1VOLT 

11 
LEVELAGE 

7 3 8 4 9 5 

LEADING EDGE7 
2 3 9 4 

ONE-HALF LINE HORIZONTAL IMPULSE 
INTERVAL 

FIG. 25. These diagrams tell why the 
vertical synchronizing impulse signal 
must be broken up into six smaller im- 

pulses. 

and after the vertical pulse as a series 
of horizontal synchronizing pulses at 
half-line intervals. Then, it is sure 
to cut up the vertical pulse properly. 
In Fig. 24A, these additional pulses 
are labeled "equalizing pulses." A 
pulse one-half a line from the proper 
one is ignored at the receiver; the 
sweep oscillator responds only to the 
pulse that occurs at the proper time 
to maintain the horizontal synchroni- 
zation. 

The value of this information will 
become apparent when you study sync 
circuits and methods of observing 
wave shapes with an oscilloscope. At 
that time you will find a review of 
this information helpful. 
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Fundamentals of TV Receiver 
Operation 

Let us imagine that a TV transmit- 
ter that is operating on channel 2 is 
sending out signals having a frequency 
distribution as shown in Fig. 22, and 
let us consider just how this would be 
received and converted into an image 
by a typical television receiver having 
the sections shown in Fig. 26. 

The superheterodyne circuit shown 
in Fig. 26 has the usual r.f. amplifier, 
mixer -first detector and local oscil- 
lator. In television, these sections are 
generally built together as a unit on 
a separate chassis. Where serious 
difficulty is experienced in this unit 
(called the "front end") the entire 
unit is removed and another one sub- 
stituted. The front end is generally 
returned to the factory for any major 
repairs. 

Referring to Fig. 22 again, you will 
see that two carriers are picked up 
by the antenna-the video carrier and 
the sound carrier. The r.f. amplifier 
response is sufficiently broad to pass 
both carriers without appreciable at- 
tenuation, and they are fed into the 
mixer input. In the early television 
receivers, the r.f. amplifier had an un - 
tuned input, double tuning of the 
band-pass variety being used between 
the r.f. amplifier and the mixer -first 
detector. In later models, the input 
of the r.f. amplifier is tuned, thus giv- 
ing a much better signal-to-noise ratio 
and improving the over-all sensitivity 
of the receiver. 

The two carriers are amplified by 
the r.f. amplifier and injected into the 

mixer, where they beat with the local 
oscillator signal and two separate i.f. 
signals are produced. The i.f. that is 
to be employed depends upon the 
design of the receiver. Generally the 
i.f. will be somewhere between 21 
megacycles and 45 megacycles. The 
tendency is to go toward higher i.f. 
values to reduce image interference. 

In this particular case we will 
assume that the local oscillator is 
operating at 81 megacycles. Since 
our station is assigned to channel 2 
(54 to 60 megacycles), the picture car- 
rier will be 55.25 megacycles and the 
sound carrier 59.75 megacycles. When 
these carriers beat with the 81 -mc. 
signal of the local oscillator, a sound 
i.f. of 21.25 mc. and a picture i.f. of 
25.75 mc. will be produced. 

Sound Channel. In many receiv- 
ers, separation of the two i.f. carriers 
is made at the output of the mixer as 
shown in Fig. 26. The sound i.f. 
signal then is fed through the sound 
amplifier, the limiter stage, a sound 
discriminator (which removes the 
audio modulation from the f.m. sig- 
nal), through the first a.f. amplifier, 
to the power amplifier and to the loud- 
speaker. 

As shown by the dotted lines, the 
sound i.f. signal may be taken off from 
the output of the first or the second 
video i.f. amplifier. In this case these 
amplifiers must have a wide enough 
response to pass both the video and 
the sound i.f. carriers. The object of 
taking the signal from the output of 
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one of the video i.f.'s rather than from 
the mixer is to obtain a stronger 
sound i.f. signal, thus reducing the 
amount of amplification necessary in 
the sound i.f. amplifier. 

As will be described in another 
Lesson in detail, the sound is some- 
times taken from the output of the 
video amplifier. In this case the video 
i.f. amplifier must pass both the sound 
and the picture carriers. Since they 
are always separated by 4.5 mega- 

SOUND 

Video Channel. At the mixer out- 
put we also have the video i.f. carrier 
that contains the picture signal and 
the sync pulses. You will note that 
four video i.f. stages are used in this 
particular circuit. Some less expen- 
sive receivers use three video i.f. am- 
plifiers. In general the i.f. ampli- 
fiers are stagger -tuned, each i.f. stage 
being tuned to a different frequency. 
This enables us to obtain the neces- 
sary band width with a reasonably 
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FIG. 26. Block diagram of modern TV Receiver. 

cycles, they will beat together in the 
video detector, producing a 4.5 -mega- 
cycle signal modulated at an f.m. rate 
by the audio signal. The video am- 
plifier will amplify this 4.5 -megacycle 
signal and it may be removed from the 
output of the video amplifier and fed 
through a sound i.f. amplifier tuned 
to 4.5 megacycles. This signal is 
then fed through the sound discrimi- 
nator, and the rest of the audio section 
in the usual manner. This is known as 
the intercarrier sound system and is 
employed in many of the lower -priced 
TV receivers. 

flat-topped response.* The amplified 
video i.f. carrier signal with its modu- 
lation is fed into the video detector, 
which is generally a half -wave diode. 
Here the modulation envelope is 
stripped from the carrier, giving us a 
signal similar to that shown in Fig. 
18. This signal is then amplified by 
the first and second video amplifiers 
which correspond to audio amplifiers 
in a sound receiver. If direct coupling 
is used between the amplifiers and 

* Some receivers use double -tuned video 
i.f. transformers that are overcoupled to 
give the necessary band width. 
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between them and the picture tube, 
the d.c. restorer shown in Fig. 26 is 
not needed. 

If the video amplifier passes only 
the a.c. component of the television 
signal, a d.c. restoring circuit should 
be used just ahead of the television 
picture tube to restore the d.c. com- 
ponent, as you will learn in another 
Lesson. This d.c. potential must be 
restored in such a way that the 
pedestals will all line up with each 
other again, for they may be thrown 
considerably out of line by the video 
amplifier stages. All the components 
in the television signal, including the 
video signal itself, the horizontal and 
vertical sync pulses, and the equaliz- 
ing pulses and pedestals are applied 
to the control grid of the picture tube. 

Automatic gain control (a.g.c.) is 
a very desirable additional circuit in 
any TV set. Like automatic volume 
control in an ordinary sound receiver, 
a.g.c. compensates for fading and it 
also serves to supply the demodulator 
with an essentially constant signal. 
Of course, normal fading due to inter- 
action between ground and sky waves 
is not apparent in a TV system, but 
it is perfectly possible for an effect 
like fading to occur due to swaying 
of the receiving antenna or the trans- 
mission line in the wind, or reflec- 
tion of radio waves from moving ob- 
jects such as automobiles or airplanes. 
If there are two or more television 
stations in a given locality, one may 
provide a stronger signal than the 
other at a given receiving point, caus- 
ing different signal levels at the second 
video detector. Automatic gain con- 
trol can compensate for all these 
effects. 

In some receivers the a.v.c. system 
is actuated by the average carrier 
levels; in a television system, however, 
the average carrier level varies with 
the nature of the video signal being 
transmitted. The one fixed charac- 
teristic of a television signal is the 
black level; for a given station, this 
is fixed and corresponds to a definite 
carrier level. The sync pulses that 
are transmitted at amplitudes above 
the black level are likewise fixed, so 
by feeding the TV signal from some 
point in the receiver where the pedes- 
tals line up with each other (such as 
the output of the video second de- 
tector) and using an ordinary R -C 
filter that makes the output follow 
the peaks of the sync pulses, we can 
secure for the a.g.c. system a d.c. volt- 
age whose value varies with the true 
carrier level of the TV signal. 

Sweep Circuits. So far our study 
of the block diagram in Fig. 26 has 
been chiefly a review of an ordinary 
superheterodyne circuit. The re- 
mainder of the TV receiver, constitut- 
ing the sweep circuits, is the only new 
thing. 

In order to make the electron beam 
in the picture tube sweep both hori- 
zontally and vertically we need two 
sweep oscillators. These must be so 
designed that they can be controlled 
by the horizontal and vertical sync 
pulses in the TV signal. The sync 
pulses must be separated from the 
video signal before they can be ap- 
plied to the sweep circuits. This sepa- 
ration is accomplished in the stage 
known as the sync separator. 

The TV signal that is fed into the 
sync separator must be taken off from 
some point after the video detector. 
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A sync separator may consist of a 
diode tube or a negatively biased 
triode tube that will clip off the video 
signals, leaving only the sync pulses. 

After the pulses have been separated 
from the video signal there will remain 
the problem of separating the hori- 
zontal sync pulses from the vertical 
sync pulses. The circuits that accom- 
plish this are built into the inputs 
of the vertical and horizontal sweep 
circuits. Generally they consist of 
ordinary R -C filters; a low-pass filter 
is used for the vertical sweep input, 
and a high-pass filter that will accept 
the 15,750-kc. horizontal pulse is used 
at the input of the horizontal sweep 
circuit. 

The outputs of the sweeps are fed 
through amplifiers and into the pic- 
ture control circuits that will be either 
deflection plates in the case of the 
electrostatic picture tube or deflection 
coils in the case of the electromagnetic 
type picture tube. 

The damper shown in Fig. 26 is used 
with electromagnetic picture tubes and 
damps out any tendency toward oscil- 
lation in the horizontal deflection coils. 
Due to the relatively high frequency 
employed here and the inductance in 
the coils, oscillation might take place 
if it were not for this damper circuit. 
This circuit will be studied in detail 
in other Lessons. The damper is not 
required where electrostatic deflection 
is employed. 

Power Supplies. Power supplies 
are an essential part of a television 
receiver since the various tubes will 
require both a.c. and d.c. operating 
voltages. The low -voltage supply is 
similar to those used in sound re- 
ceivers, although due to the large num- 

ber of tubes in a TV set a pair of recti- 
fiers in parallel may be used instead of 

a single rectifier. The power trans- 
former will be much larger than that 
found in a broadcast set. 

In many of the inexpensive tele- 
vision receivers the tube filaments are 
wired in series as in an a.c.-d.c. set. 
Due to the number of tubes en - 

Courtesy Philco Corp. 

A typical TV antenna installation. 

countered, more than one filament 
string is generally necessary. Selenium 
rectifiers are also widely used in volt- 
age -doubler, and in some cases volt- 
age -tripler, circuits. This eliminates 
the expensive power transformer. 

In addition, high voltage must be 
supplied for the second anode of the 
picture tube. This is obtained from 
a separate supply source. In the elec- 
tromagnetic type receiver that is illus- 
trated in Fig. 26, the high voltage is 

obtained from a part of the horizontal 
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amplifier circuit. In other cases the 
high voltage may be independent of 
this circuit. The great advantage of 
having the high voltage tied to the 
horizontal amplifier circuit is in case 
the horizontal sweep chain fails, the 
high voltage will go out so that the 
picture tube will be protected. All 
types of high -voltage supplies will be 
described in greater detail later on. 

CONTROLS 

Adjustments must be provided in 
the receiver for controlling the action 
in the various circuits. 

There will be a channel selector 
that corresponds to the tuning control 
in a broadcast set, a picture contrast 
control that corresponds to the volume 
control, a brilliancy control to vary 
the bias of the picture tube, and in 
addition to this there will be the usual 
audio type volume control and on -off 
switch in the sound system. 

Additional controls will be found in 
the sweep- and picture -tube circuits. 
We must have controls that will vary 
the size of the picture horizontally 
and vertically, also controls that will 
make the vertical and horizontal os- 
cillators lock in with the sync pulses. 
In any TV set you will find some 

means of centering the picture in the 
middle of the screen since in the manu- 
facturing of tubes it is almost impos- 
sible to line up the electrodes per- 
fectly. 

The controls that are associated 
with the sweep circuits are generally 
on the back of the receiver since they 
seldom need to be adjusted. In some 
sets a few other special controls that 
need not be considered here will be 
encountered. 

LOOKING FORWARD 

In this first introductory Lesson on 
television we have surveyed the im- 
portant needs of a television system. 
In some cases, brief explanations of 
these needs have been given and in 
other cases we have simply made 
statements because the explanations 
would be lengthy and not essential to 
clearness in this "bird's-eye view" of 
the entire television setup. The vari- 
ous methods for producing saw -tooth 
sweep signals, for providing interlocks, 
and for separating sync -pulse signals 
will all be taken up in later Lessons 
along with the typical circuits for the 
various other sections described in 
this Lesson. 
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Lesson Questions 
Be sure to number your Answer Sheet 49RH-4. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. Why is it that a TV picture signal does not require a channel band width 
equal to twice the modulating frequency? 

2. What converts a scene into a succession of signal intensities? 

3. What characteristic of the eye makes it possible to send a picture signal 
a portion at a time, and yet have the resulting picture appear as a com- 
plete scene? 

4. What is the purpose of the sync pulses sent out by the transmitter? 

5. Are the line sync pulses sent: 1, at the beginning; or 2, at the end of each 
line? 

6. What is the advantage of using negative modulation of the picture carrier 
signal? 

7. In an electrostatic picture tube, the voltage on which element is varied 
to focus the beam? 

8. What effect on the picture is seen when the gain of a TV receiver is varied? 

9. What is the frequency of (A) the vertical scanning, and (B) the horizontal 
scanning? 

10. If both the sound and picture carriers are allowed to reach the second 
video detector, what will be the resulting beat frequency? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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"The best culture is not obtained from teachers 
when at school or college-but by our own diligent 
self -education when we have become men." 

This quotation has been proved true many, many 
times. Let's take a few outstanding examples. Pres- 
ident Ulysses Grant was often called "Useless" by his 
mother because he showed so little promise as a young 
man. General Stonewall Jackson was noted for his 
slowness while a pupil at West Point. Watt-who 
invented the steam engine-was notoriously dull in 
school. Sir Walter Scott was outstanding in school 
only for his readiness to pick a fight-and was not 
known as an author until he was over forty. 

To again quote, Gibbon said, "Every person has 
two educations. One which he receives from others 
-and one, more important, which he gives to him- 
self." 

You are now busy giving yourself education in 
Radio and Television which can and should he the 
most important education of your entire career. 
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INPUT VIDEO I.F. VIDEO AMPLIFIER 
TUNER DEMODULATOR D.C. RESTORER 

YOU HAVE previously studied in 
block form the various sections of 

a TV set and have learned something 
about the functions performed by the 
TV receiver stages and sections. In 
this Lesson you will get acquainted 
with typical TV circuits and their op- 
eration. You will not have to cover 
all the variations in the circuits used 
by different manufacturers because 
each section of a TV set will be treated 
in detail elsewhere. Now, you will 
build the foundation for this future 
study by covering only the funda- 
mentals of television circuits. 

THE INPUT TUNER 

This section of a TV receiver is also 
commonly called the front end or 
head end of the receiver. It contains 
the r.f. amplifier and the local oscil- 
lator -mixer -first detector. The first 
section of the front end is the r.f. 
amplifier. This section increases the 
amplitudes of both the sound and the 
video r.f. signals without changing 
their characteristics in any way, and 
hence must have a pass band of at 
least 6 megacycles. In addition to 
this, the r.f. amplifier must give some 
rejection of carrier frequencies outside 

SWEEP 
CIRCUITS 

POWER 
SUPPLIES,` 

the desired channel that might cause 
interference. 

The amplified video and sound r.f. 
signals are fed into the mixer -first 
detector section where they are com- 
bined with the unmodulated r.f. signal 
that is produced by the local oscillator. 
As a result, two i.f.-modulated carrier 
signals are produced; one is the sound 
i.f. carrier and the other is the picture 
i.f. carrier. Various i.f. values, rang- 
ing from 12 to 25 megacycles, have 
been used, but higher i.f. values in the 
vicinity of 40 megacycles are becom- 
ing more popular, since this gives the 
r.f. amplifier a better chance to reject 
signals that could produce image in- 
terference. 

THE R.F. AMPLIFIER 

The r.f. amplifier has three impor- 
tant functions. Since it is between the 
mixer and the antenna, it reduces radi- 
ation from the local oscillator. The 
local oscillator, if the r.f. stage were 
not used, would radiate energy from 
the TV antenna that might be picked 
up in a nearby TV set, and cause con- 
siderable interference. 

The r.f. amplifier increases the sig- 
nal strength on the desired TV chan - 
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nel. This gives a better signal-to-noise 
ratio in the TV set. The response of 
the r.f. amplifier should be broad 
enough so that it does not cut off any 
of the desired signals. However, equal 
amplification of the TV signals is gen- 
erally not obtained, but this may be 
made up for in other stages of the re- 
ceiver by increasing the amplification 
of the signals that are slighted in the 
r.f. amplifier. 

The r.f. amplifier must also give 
some degree of selectivity and it 
should reject image signals that create 
interference with the desired station. 
The selectivity of a TV r.f. amplifier, 
however, is not high, and if the inter- 
fering signals are exceptionally strong, 

T 

of response, and the third circuit is 
therefore tuned to a mid -frequency 
and serves to fill in the valley. The 
valley may also be filled in by loading 
the resonant circuits with low shunt 
resistances such as R1 and R5. 

Fig. 1 illustrates only one way that 
these three tuned circuits may be ar- 
ranged. Tuned circuit L2 -C2 is tightly 
coupled to the antenna coil. Resistor 
R1, which may be as low as 2000 ohms, 
is shunted across the tuned circuit to 
broaden its response. The band-pass 
coupler consisting of L3, Cs, 05, 07, 
and L4 has a broad response and is 
loaded through coupling condenser C4 
by R4 and through coupling condenser 
C8 by R5. 
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FIG. 1. Typical TV r.f. amplifier circuit. 
This circuit amplifies the modulated car- 
riers for both sound and picture portions 

of a TV program. 

wave traps in the antenna circuit are 
often used to reduce the interference. 

A typical TV r.f. amplifier circuit 
is shown in Fig. 1. Notice that the in- 
put of the r.f. amplifier is tuned. This 
results in better image rejection. How- 
ever, many r.f. amplifiers have an 
aperiodic (untuned) input from the 
antenna system. 

Also notice the band-pass r.f. 
coupler between the output of the r.f. 
amplifier and the mixer grid. This 
tends to improve the selectivity and 
to give an essentially uniform response 
of 6 megacycles. 

To give broad -band response and to 
prevent oscillation, stagger -tuning is 
often used. Two of the resonant cir- 
cuits shown in Fig. 1 are tuned to dif- 
ferent frequencies. Two circuits alone 
give a deep valley between the peaks 

The tube used in the preselector 
section is a pentode r.f. amplifier and 
may be of either the variable -mu or 
the sharp cut-off type. The gain in 
this circuit is controlled by the a.g.c. 
system, although in some cases a vari- 
able cathode bias resistor may be used 
to vary the bias of VT1 and the tubes 
in the following stages. 

The r.f. tube must have certain 
characteristics that make it suitable 
for amplification of very -high fre- 
quencies. Its grid -to -plate capacity 
must be low if feedback is to be kept 
at a minimum. For the same reason, 
the capacity between the plate and 
grid leads to this tube must be as low 
as possible. In addition to this, the 
grid -to -cathode and plate -to -cathode 
interelectrode capacities and the ca- 
pacities between the leads to these 
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FIG. 2. A separate oscillator is used here 
to feed the signal into the mixer -first 

detector. 

electrodes must be low enough so that 
reasonably high gain can be obtained, 
and so that the r.f. amplifier can be 
tuned to the highest desired television 
channel when the inductance of L2, 

L3, and L. are set at a minimum value. 

MIXER -FIRST DETECTOR AND 
OSCILLATOR 

The process of frequency -conversion 
involves the mixing of the locally gen- 
erated oscillator signal with the in- 
coming modulated carrier signal. The 
process is basically the same as in an 
ordinary broadcast superheterodyne 
receiver except that in a television set 
there are two r.f. carriers that beat 
with the local oscillator signal to pro- 
duce two i.f. carrier frequencies. 

In broadcast and f.m. receivers a 
pentagrid converter is generally used 
as a combination mixer -first -detector - 
oscillator tube, but this tube is inade- 
quate for the very high frequencies 
employed in television, and would re- 
sult in noise and low output due to 
degeneration and oscillator drift. In 

a TV set, there is a separate oscillator 
tube, which may be in the same en- 
velope as the mixer. 

Pentodes are commonly used in the 
mixer circuit, but they require a high- 
level signal from the r.f. amplifier if 
noise is to be avoided. If a low-level 
signal reaches the mixer input from an 
inefficient r.f. amplifier, or if the re- 
ceiver is located in a fringe area, it 
has been found that a triode mixer will 
give as much output as a pentode and 
at a considerably lower noise level. 

Fig. 2 shows a typical mixer -first 
detector -oscillator circuit. Here a 
6AK5 tube is used as the mixer. This 
tube is biased by the drop across R6 

caused by the cathode current, and by 
the drop across R5 caused by current 
flow through the mixer grid. This 
mixer -grid current flows because the 
oscillator output drives the grid posi- 
tive. This voltage built up across R5 
charges condenser C6 and serves to 
bias the tube so that it will act as a 
mixer. 

The i.f. transformer T. is double - 
tuned and is overcoupled to provide 
the necessary band width. In this par- 
ticular circuit both the sound and 
video i.f. carriers pass through the i.f. 
transformer and are fed to the input 
of the first video amplifier tube. Re- 
sistor R10, which shunts the secondary 
of transformer T4, loads the trans- 
former to give a flat response. 

The oscillator is a 6C4 triode tube 
connected as an ultra audion (modi- 
fied Colpitts) using the grid -to -cath- 
ode and plate -to -cathode interelec- 
trode capacities to maintain oscilla- 
tion. Resistors R4 and R, isolate the 
oscillator, permitting it to act as an 
ultra-audion on any TV channel. 
Choke L3 is needed to isolate the oscil- 
lator's tuned circuits further, provid- 
ing a d.c. path for the plate circuit. 

The oscillator is tuned above the 
picture carrier by the amount of the 
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i.f. frequency. Trimmer C. in the 
oscillator tank circuit is connected in 
series with Cg, so that the range of 
adjustment will be limited and the ad- 
justing screw will be nearer r.f. ground 
potential. Even so, a well -insulated 
alignment tool that is designed for 
high frequencies is necessary when C4 
is to be adjusted. The oscillator is 
biased by the feedback voltage on the 
grid. The tube then rectifies the result_ 
ing grid current and the resistor -con- 
denser combination Rs -05 is charged 
up to produce the operating bias. 

Other tubes are, of course, used as 
oscillators, but in practically every 
instance the ultra-audion circuit is 
used, and the tube interelectrode ca- 
pacities form a portion of the tuning 
circuit. You will find that not all 
tubes will function satisfactorily as 
oscillators, although they may be per- 
fectly all right in some other circuit. 
For this reason, servicemen always try 
several tubes in the oscillator stage 
when trouble is suspected there and 
thus avoid many realignment prob- 
lems. 

Video I. F. Amplifier 
and Detector 

Practically all of the selectivity of 
any superheterodyne is in the i.f. am- 
plifier. A TV set is no exception, and 
as a matter of fact the TV receiver is 
even more dependent on its picture i.f. 
amplifier for rejection of undesired sig- 
nals than broadcast sets are. This is 
in part due to the low selectivity of 
the front end, which is incapable of 
rejecting adjacent -channel interfer- 
ence. The average video i.f. amplifier 
alone is not capable of rejecting such 
interference if it is designed to pass 
the 4 -megacycle band width contain- 
ing the video intelligence. A less ex- 
pensive TV set having a narrower pass 
band in the video i.f., has sufficient 
selectivity to minimize adj acent- 
channel interference. In receivers de- 
signed to give :he ultimate in defini- 
tion, special traps that reject ad- 
jacent -channel interference are used in 
the video i.f. amplifier. 

A high i.f. gives the front end a 
better chance of rejecting image inter- 
ference, but traps in the antenna cir- 
cuit are often needed for complete 
freedom from interfering signals that 
are operating at image frequencies or 
frequencies at or near the i.f. 

Separation of the sound and picture 
i.f. carriers may take place at the 
mixer output or at the output of the 
first or second video i.f. amplifier. In 
the latter case the sound i.f. will be 
somewhat stronger than at the mixer 
output, since the picture i.f. stages will 
be aligned to afford some gain at the 
sound i.f. frequency. 

THE VIDEO I.F. AMPLIFIER 

The coupling of the video i.f. am- 
plifier in a TV receiver is considerably 
different from that of the amplifier in 
a sound receiver. Some TV sets, such 
as that shown in Fig. 2, use double - 
tuned i.f. transformers. Other forms 
of coupling will be described else- 
where, but the most common type, im- 
pedance coupling, is shown in Fig. 3. 
Although plain chokes are shown, 
often these form parallel -resonant cir- 
cuits with the tube interelectrode ca- 
pacities. 

To obtain the necessary wide -band 
characteristic with adequate gain, four 
stages of i.f. amplification are used in 
the typical amplifier shown in Fig. 3. 
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The converter plate and the i.f. trans- 
formers each utilize only one tuned 
circuit, each tuned to a different fre- 
quency. The effective Q of each coil is 

determined by the plate resistor or the 
grid resistor so that the product of the 
responses of the total number of stages 
produces the desired over-all response 
curve. Fig. 4 shows the relative gains 

áó and selectivities of each coil and the 
- shape of the curve of the over-all com- 

bination. This is indicated by the 
dotted line. 

In order to obtain this band-pass 
characteristic, the picture i.f. trans- 
formers for this particular amplifier 
are tuned as follows: primary of con - 

FIG. 3. A typical video i.f. section. In 
this example, the picture carrier is 25.75 
mc. and the sound carrier is 21.25 mc. 

SHARP CUT-OFF 
ON OVERALL 
RESPONSE DUE I 

TO 21.25 MC 
SOUND TRAPS. 

FIG. 4. Stagger -tuned i.f. response. 

verter transformer T2, 21.8 mega- 
cycles; primary of first video i.f. 

transformer T103, 25.3 megacycles; 
primary of second video i.f. trans- 
former T104, 22.3 megacycles; third 
video i.f. coil L183, 25.2 megacycles; 
fourth video i.f. coil L185, 23.4 mega- 
cycles. 

To align the i.f. system, the trans- 
formers are simply peaked to the spec- 
ified frequencies with a signal gen- 
erator. The over-all i.f. response can 
then be observed by use of a sweep 
generator and oscilloscope. The sweep 
generator is similar to that used to 

align f.m. and high-fidelity a.m. re- 
ceivers, except for the fact that it op- 
erates at a much higher frequency and 
with a much greater sweep width. If 
the correct response curve cannot be 
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obtained, the difficulty is likely to be 
in some part of the circuit that affects 
either the frequency or the Q of one 
or more of the i.f. transformers. 

Fig. 5 çhows the relative positions 
of the picture and sound carriers for 

CHANNEL 2 -4 -CHANNEL 34 -CHANNEL 44 
1 

54-60MC 60-66MC 66-72 MC 

59.75MC 
SOUND 

CARRIER 

55.25MC 
PIX 

CARRIER 

65.75 MC 
SOUND 

CARRIER 

61.25MC 
PIX 

CARRIER 

7L75MC 
SOUND 

CARRIER 

67.25 MC 
PIX 

CARRIER 

54 60 66 
MC MC MC 

72 
MC 

FIG. 5. Television channel frequencies. 

channels 2, 3, and 4. If a station on 
channel 3 is transmitting a picture 
with video frequencies up to 4 mega- 
cycles, the picture carrier will have 
side -band frequencies up to 65.25 
megacycles. The lower side bands, as 
you know, are suppressed at the trans- 
mitter. With the receiver r.f. oscil- 
lator operating at a higher frequency 
than the receiver channel, the i.f. fre- 
quency relation of picture -to -sound 
carrier is reversed as shown in Fig. 6. 

Since it is necessary for the picture 
i.f. to pass frequencies quite close to 
the sound -carrier frequency, the sound 
carrier would produce interference in 
the picture. In order to prevent this 
interference, traps must be added to 
the picture i.f. amplifier to attenuate 
the sound carrier. If the receiver is op- 
erating on channel 3, it is possible 
that there will be interference from 
the channel 2 sound carrier and the 
channel 4 picture carrier. The adja- 
cent -channel traps are provided to at- 
tenuate these unwanted frequencies. 
In receivers having a narrower video 
i.f. response, this interference is not 
present and such traps are not re- 
quired-however, the picture defini- 
tion suffers from the restricted i.f. 
band width. 

The first three traps in Fig. 3 are 

absorption circuits. The first trap (T2 
secondary) is tuned to the accom- 
panying sound i.f. frequency, the sec- 
ond trap (T103 secondary) is tuned to 
the adjacent -channel sound frequency, 
and the third trap (T104 secondary) is 
tuned to the adjacent -channel picture - 
carrier frequency. The fourth trap 
(T105 secondary) is in the cathode cir- 
cuit of the fourth picture i.f. amplifier 
and is tuned to the accompanying 
sound -carrier i.f. frequency. The pri- 
mary of T105 in series with C181 forms 
a series -resonant circuit at the fre- 
quency to which L185 is tuned (23.4 
megacycles). This provides a low - 
impedance path in the cathode circuit 
at this frequency and permits the tube 
to operate with gain. However, at the 
resonant frequency of the secondary 
(21.25 megacycles) a high impedance 
is reflected into the cathode circuit 
and the resulting degeneration reduces 
the gain of the tube at this frequency. 
The effect of these traps on the i.f. re- 
sponse curve are shown in Fig. 6. 

In Fig. 3, although the sound is 
taken directly from the output of the 

ADJACENT 
CHANNEL 

CHANNEL 3 
PIX CARRIER 

25.7 5 
MC 

/19.75 
CHANNEL 3 I MC 
SOUND CARRIER CHANNEL 4 

PIX CARRIER 

21.25 MC 

ADJACENT 
CHANNEI 

27.25 
MC 

CHANNEL 2 
SOUND CARRIER 

FIG. 6. Over-all picture response. 

mixer, it may in some cases be taken 
from the output of the first or second 
video i.f. stages. You will note that 
a.g.c. in this particular case is applied 
to the control grids of the first, second, 
and third video i.f. tubes. If a.g.c. 
were not used, this lead would go to 
a manual bias control used to vary 
the i.f. gain. 
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FIG. 7. The demodulated signal at B is 
obtained from the r.f. form at A. 

THE VIDEO DETECTOR 

At the output of the last video am- 
plifier the video signal is still in its 
r.f. form, having both positive and 
negative peaks as shown in Fig. 7A. 
This signal must be demodulated so 
that it will have the form shown in 
Fig. 7B before it can be applied to 
the input of the picture tube. 

To produce this demodulation, it is 
necessary to rectify the modulated 
video i.f. carrier and filter out the i.f. 
components. A linear detector is re- 
quired for this purpose. A diode is 
generally used. A typical video de- 
tector circuit is shown in Fig. 8A. 
The video i.f. amplifier output signal 
existing across the final resonant cir- 
cuit, consisting of L3 and the capacity 
between the plate of the detector tube 
and ground, sends electrons through a 
load made up of the internal resist- 
ance of the diode detector tube, peak- 
ing coil L2 and shunt resistor R3, peak- 
ing coil 1.23, and diode load resistor R4, 
producing across the last two com- 
ponents a pulsating d.c. voltage. The 
cathode -to -filament capacity of the 

tube shunts to ground all a.c. compo- 
nents above the video range so that 
the video detector output voltage con- 
tains only the desired a.c. components 
and the d.c. component of the demodu- 
lated television signal. The pedestals 
for the horizontal and vertical sync 
pulses will now all line up at the same 
level. 

The direction of the electron flow 
through diode load resistor R4 deter- 
mines whether sync pulses will make 
output terminal d swing in a positive 
direction or in a negative direction 
with respect to the chassis. In the cir- 
cuit of Fig. 8A, electrons enter R4 at 
its grounded end, making that end of 
the resistor negative with respect to 
point d. Under this condition, the 

FIG. 8. Video detectors. 
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video detector output voltage (a mod- 
ulated d.c. voltage) will vary as shown 
in Fig. 9A, with the sync pulses mak- 
ing point d swing more positive, and 
with the bright areas in the original 
scene making point d swing in a nega- 
tive direction from the pedestal level. 

NEGATIVE 
PICTURE PHASE 

+ 

W o 
1- O 

ó 
> 

PEDESTAL 
LÉVÉL 

(PEDESTAL i. 
LEVEL 0 

O 

POSITIVE 
PICTURE PHASE 

+ 

W o 
J o 
> 

iPEDESTAL, 0. 
L LÉVÈL 

0 

EDESTAL' 
LéVEL 

o 

FIG. 9. When a diode video detector is 
connected as in Fig. 8A, the output sig- 
nal has a negative picture phase (A and 
B); with diode connections as in Fig. 8B, 
the output signal has a positive picture 

phase (C and D). 

Since this corresponds to negative 
modulation as at the transmitter, the 
modulated d.c. signal is in this case 
said to have a negative picture phase. 

The phase of the picture signal at 
the output of a diode video detector 
can be reversed simply by reversing 
the connections to the diode detector 
tube, as is indicated in Fig. 813. This 
reversal of connections makes elec- 
trons flow from the plate of the de- 
tector through the load to ground, 
making the take-off point from the 
video amplifier negative with respect 
to ground. In this case the video out- 
put signal is as shown in Fig. 9C. 
Note that bright lines now drive the 
signal in a positive direction from 
the pedestal level, giving the equiva- 
lent of positive modulation, while sync 
pulses drive the signal in a negative 
direction from the pedestal level. The 
modulated d.c. output signal of the 
video detector is in this case said to 
have a positive picture phase. 

The addition of a d.c. bias voltage 
to a video -frequency TV signal has no 
effect upon the phase of the signal. 
For example, if a negative d.c. voltage 
is added to the signal in Fig. 9A, mak- 
ing the entire TV signal negative with 
respect to the chassis as shown in 
Fig. 9B, we still have the required con- 
ditions for negative picture phase 
(bright lines swing the signal in a 
negative direction from the pedestal 
level). Likewise, adding a positive 
bias to the signal in Fig. 9C may make 
all parts of it positive as shown in 
Fig. 9D, but we still have the equiva- 
lent of positive picture phase. 

At this point it should be brought 
out that it is not necessary to use a 
tube as the detector. A germanium 
crystal, as shown in Fig. 10, makes an 
excellent detector, saves spaces, and 
eliminates the heater current of one 
tube. By reversing the connections to 
the crystal, either a positive or nega - 

LAST 
VIDEO I.F. 

TO 
VIDEO 

AMPLIFIER 

FIG. 10. A crystal video detector. 

tive picture -phase signal can be ob- 
tained at the detector output. In Fig. 
10, L2 and L3 together with C2 form 
a low-pass filter that removes i.f. com- 
ponents and filters out i.f. harmonics. 
In this case the load consists entirely 
of resistor R3j and the video signal 
across this resistor is applied to the in- 
put of the video amplifier. 
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Video Amplifier and 
D. C. Restorer 

THE VIDEO AMPLIFIER 

The video amplifier in a TV receiver 
corresponds to the audio amplifier in 
a broadcast set. The video amplifier 
drives the picture tube, swinging the 
bias on the picture tube to give the 
necessary variations in light intensity 
along each line of the scan. 

The signal from the output of the 
video amplifier may be used to drive 
the grid, or we may hold the grid of 
the picture tube at a fixed voltage and 
drive the cathode. It is more usual to 
drive the grid of the tube just as in an 
ordinary stage of amplification, so we 
will consider this method here. Later 
the cathode drive will be studied. 

If we assume for the moment that 
the signal level at the output of the 
video detector is strong enough to ex- 
cite the picture tube in the receiver, 
which signal in Fig. 9 would we select? 
This question can be quickly answered 
by considering the EBB (grid voltage - 
brilliancy) characteristic of a picture 
tube as shown in Fig. 11. If we choose 
a signal with negative picture phase 
and apply it in such a way that the 
pedestals line up with point B on the 
EBB characteristic in Fig. 11, spot 
brilliancy will vary as shown by curve 
N. As you can see, this type of signal 
is incorrect, for bright portions of the 
scene at the transmitter would be re- 
produced as dark portions and the 
sync pulses would cause white lines to 
appear on the screen. 

When the applied signal has a posi- 
tive picture phase, and the pedestals 
are lined up with point A by adjusting 
the bias, spot brilliancy will vary as 
shown by curve P. In this case sync 
pulses will darken the spot, and in- 

creasingly bright video signals will 
give increasingly bright spots on the 
receiver screen. Since point A on the 
Eg B characteristic is at the brilliancy 
cut-off point for the tube, the sync 
pulses will always drive the spot into 
the blacker than black region, and the 
video signal will always make the spot 
more or less brilliant, which is exactly 
what we want. It follows from this 

E 

-Eg 

A 

5 
FIG. 11. Grid voltage -brilliancy (Es - 
B) characteristic curve for a television 

picture tube. 

that the picture tube in a TV set must 
have its grid driven with a signal 
having a positive picture phase, and 
the bias voltage must be applied in 
series with the signal to make the ped- 
estals line up with the cut-off point. 

In general practice, the output of 
the video detector is not sufficient to 
drive the control grid of the picture 
tube directly. There is seldom more 
than one volt output from the de- 
tector, and some tubes may require as 
much as 60 or 70 volts. Because of 
this, amplification of the signal at the 
output of the video detector is re- 
quired. This calls for one or more 

Eg-B CURVE 

N 

O 

NEGATIVE PICTURE 
PHASE 

POSITIVE PICTURE 
PHASE 

n 
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video frequency (v.f.) amplifier stages 
between the video detector and the 
picture tube. These video -frequency 
amplifier stages introduce a number 
of problems, as you will see. 

The video amplifier must respond 
more or less uniformly to signals over 
the entire range between 10 cycles and 
4 megacycles. Furthermore, if any un- 
equal amplification of the various fre- 
quencies takes place ahead of the 
video amplifier, the video amplifier 
response must be such that its output 
will be uniform. In some cases extra 
amplification at the high frequencies 
may be required, or perhaps it will be 
necessary to have slightly more gain 
in the middle register. 

termined by the d.c. plate voltage and 
the negative C -bias voltage. For the 
duration of this steady-state condi- 
tion, point 4 on the load resistor will 
be negative with respect to point 3, for 
electrons flow from cathode to plate, 
enter the resistor at 4, and flow 
through it to point 3. 

Now suppose that we feed into the 
circuit the TV signal shown in Fig. 9A. 
This signal has a negative picture 
phase and makes point 2 have a vary- 
ing positive potential with respect to 
point 1. This varying positive poten- 
tial cancels out part of the fixed nega- 
tive C bias, making the grid -to - 
cathode voltage on the tube less nega- 
tive and therefore making plate cur - 

FIG. 12. Simplified video -amplifier 
stage. 

Because of the frequency require- 
ments resistive loads must be used. 
Transformer loads would be too fre- 
quency -discriminatory, and we would 
not be able to get a flat response. 

The fact that an amplifier of any 
type is used introduces the problem of 
phase reversal, for each amplifier will 
reverse the phase of the picture signal. 
Thus, if a signal of a negative picture 
phase (Fig. 9A) is fed into a stage, 
the signal at the output of that stage 
will have a positive picture phase 
(Fig. 9C) . 

We can see exactly how this reversal 
in phase occurs by studying the action 
of the simplified video -amplifier stage 
in Fig. 12. When Eg is zero (as when 
no TV signal is present), a definite 
d.c. plate current will flow through 
load resistor RL, its value being de - 

rent i increase. This increase in i 

serves to increase the voltage drop 
across RL, making point 4 more nega- 
tive than before with respect to point 
3. In other words, when point 2 swings 
positive with respect to 1, point 4 
swings negative with respect to 3, 
thereby giving a 180 -degree phase re- 
versal. This means that if a signal 
having a negative picture phase (Fig. 
9A) is applied to the grid of an am- 
plifier having a resistance load like 
that in Fig. 12, the output signal will 
have a positive picture phase, as in 
Fig. 9C. Likewise, if the signal in 
Fig. 9C is applied to the grid, the out- 
put signal will be like that in Fig. 9A. 
A stage of video amplification thus re- 
verses the phase of the applied signal. 

Suppose we utilize the output signal 
between point 4 and ground in Fig. 12 
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instead of that between points 4 and 
3. If the signal between points 4 and 
3 corresponded to Fig. 9C, the result- 
ing signal between point 4 and ground 
would be like that in Fig. 9D. If the 
signal in Fig. 9A existed between 
points 4 and 3, a connection between 
point 4 and ground would give exactly 
the same signal, but at a higher posi- 
tive bias. 

Keeping in mind that the TV signal 
that is feeding the control grid of the 
picture tube must have the equivalent 
of positive modulation, we can make 
two general conclusions as to the type 
of video detector circuit required: 

1. If two stages of video -frequency 
amplification are used after the video 
detector in order to secure the required 
television signal voltage at the input 
of the picture tube, the video detector 
circuit must be of the type shown in 
Fig. 8B, delivering a signal with a pos- 
itive picture phase. 

2. If either one or three stages of 
video frequency amplification are 
used, the video detector circuit must 
be of the type shown in Fig. 8A, de- 
livering a signal with a negative pic- 
ture phase. 

In high -definition reproduction of 
television signals it is absolutely es- 
sential that the pedestals all line up at 
the same constant signal level at the 
input of the picture tube. When this 
condition is achieved, it is possible to 
adjust the bias on the picture tube so 
that the sync pulses always drive the 
spot into the blacker than black region 
and the video signals always vary the 
spot brilliance. In other words, the 
pedestals must be lined up at the in- 
put of the picture tube so that we can 
make all the sync signals invisible and 
all the picture signals visible. It is 
a fundamental fact that the demodu- 
lated television signal (including the 
sync pulses along with the video sig- 
nal) will retain its alignment of ped- 

estals only as long as it has its d.c. 
component. 

The only way in which we can am- 
plify the d.c. component along with 
the television signal, thereby retaining 
the alignment of the pedestals, is by 
using d.c. amplifier stages in the video 
amplifier. This is sometimes done, but 
it is more usual to employ a.c. ampli- 
fiers and then to restore the d.c. com- 
ponent at the output of the video am- 
plifier, as will be described later. 

With only one stage of video -fre- 
quency amplification it is possible to 
connect the load of this stage directly 
to the grid -cathode of the picture tube, 
giving true d.c. amplification without 
the complications of the expensive 
power supply that is necessary for two 
or more direct -coupled stages. With 
two or more stages in the video ampli- 
fier, either true direct coupling or re- 
sistance -capacitance coupling can be 
used. When the latter system is used, 
the coupling condenser removes the 
d.c. component from the TV signal, 
thereby causing the pedestals to get 
out of line. 

It is important to visualize what 
happens to a demodulated TV signal 
when it is passed through a condenser. 
Signal I in Fig. 13A corresponds to a 
line having maximum and uniform 
brightness, and signal II corresponds 
to a solid black horizontal line on the 
scene that is being televised. These 
two signals are shown as they would 
appear across the detector load re- 
sistor, so the pedestals all line up at a 
constant level with respect to the zero 
voltage line. Each signal is made up 
of an a.c. component (having equal 
areas on each side of the average value 
line for each cycle) and a d.c. compo- 
nent, with the average values of the 
a.c. components considerably out of 
line, and with the d.c. components of 
the black line considerably larger than 
those for the bright line. 
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When these TV signals are passed 
through a condenser, the d.c. compo- 
nents are blocked out, bringing the 
average value line down to the zero 
line. As a result, the average values of 
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FIG. 13. Passing the demodulated tele- 
vision signal I in A through a condenser 
removes its d.c. component, giving a.c. 
signal I in B. Likewise, passing signal 
II in A through a condenser gives a.c. 

signal II in B. 

the a.c. components line up at zero, as 
in Fig. 13B, after the signal has passed 
through the condenser. It is seen from 
this that the pedestals are no longer 
lined up. 

The addition of a fixed d.c. bias 
voltage to the a.c. signals shown in 
Fig. 13B (placing the signal either en- 
tirely above or entirely below the zero 
voltage line) would convert them into 
pulsating d.c. signals, but would not 
get the pedestals in line again. We 
must add a different d.c. bias voltage 
value for each line if we are to make 
the pedestals all line up again after a 
TV signal has passed through a con- 
denser. 

With the pedestals in an a.c. TV 
signal all at different levels, it is im- 
possible to line up all of the pedestals 
with the cut-off point on the picture - 
tube characteristic. Remember, how- 
ever, that we chose two extreme line 
conditions in Fig. 13. When the aver- 
age brightness of a line is about the 

same for all portions of the televised 
scene, the difference between pedestal 
levels will not be nearly as great as 
that shown in Fig. 13. Under this 
condition it is possible to secure fairly 
satisfactory image reproduction by 
adjusting the picture tube bias to cor- 
respond to the average brightness level 
(average pedestal level in the a.c. 
signal) . 

For high-fidelity reproduction, a 
d.c. restorer is essential, but on small 
low-priced TV receivers it is some- 
times omitted. After analyzing a typ- 
ical video -frequency amplifier stage, 
we will study the problem of realign- 
ing pedestals by properly restoring the 
d.c. components, as is necessary in 
cases where a.c. video amplifiers are 
employed. 

Typical Video -Frequency Ampli- 
fier Stage. Assuming that we have a 
TV receiver that requires two video - 
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PICTURE 
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CONTRAST 
CONTROL 

C. SUPPLY -4 
FIG. 14. Typical circuit for the first 
video -frequency amplifier stage in a TV 
receiver having two v.f. stages. Parts 
L2, Ra, L., and R, are the same as in the 

video detector circuit of Fig. 813. 

frequency amplifier stages between the 
video detector circuit and the picture 
tube (shown in Fig. 8B), we can con- 
sider the type 6AU6 tube circuit, 
shown in Fig. 14, as being typical of 
the circuit in the first video -frequency 
amplifier stage. The television signal 
from the detector is developed across 
diode load L6 -R4. Then the video sig- 
nal passes through coupling condenser 
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C1, which strips off the d.c. component. 
Only the a.c. component of the tele- 
vision signal is thus applied to the 
control grid of the type 6AU6 tube. 
This first video -frequency amplifier 
tube uses fixed bias that is developed 
across resistor R, in the voltage - 
divider circuit, and this bias is applied 
to the control grid through resistor R1. 

The remainder of this video -fre- 
quency amplifier circuit is more or less 
conventional except for the presence 
of choke L in the plate load of the 
tube, and tuned circuit L,-00. Choke 
L serves to boost the high -frequency 
response while Li -05 is tuned to the 
4.5 -mc. beat frequency formed by the 
interaction of the picture and sound 
carriers. If this beat frequency is al- 
lowed to reach the picture tube, fine 
dots will appear as in a coarse -grained 
photograph. Thus, L1 -C6 is called a 
"grain" trap. 

One fundamental consideration in 
building a video -frequency amplifier 
stage like that in Fig. 14 is the value 
of capacity C. This capacity is shown 
dotted in the diagram, since it is a 
combination of the output capacity of 
the first stage, the input capacity of 
the second stage, and stray -lead ca- 
pacity coupled together by C. The 
reactance of this capacity to ground 
becomes low enough at the higher 
video frequencies being amplified to 
provide a serious shunting effect. The 
presence of this capacity can be neu- 
tralized to a certain extent, however, 
by keeping plate -load resistor R low in 
ohmic value, somewhere around 3000 
ohms. Thus, the use of a low plate 
load in a video amplifier stage gives 
wide -band response. With such a low 
plate -load value, a tube with a high 
transconductance is needed to provide 
the required amount of amplification. 

Even more important than the at- 
tenuation of high -frequency compo- 
nents in the video signal is the dis- 

tortion that is produced by capacity 
C. Coil L is introduced into the cir- 
cuit for two reasons: 

1. Its inductive reactance partially 
or totally balances out the capacitive 
reactance of C, thereby eliminating or 
at least reducing the amount of dis- 
tortion. 

2. If the value of coil L is properly 
chosen, L and C can be made to reso- 
nate at the higher video frequencies, 
thereby giving a broad parallel -reso- 
nant 'circuit that boosts or peaks the 
gain at the higher frequencies, and 
thus counteracts the shunting effect of 
capacity C. Coil L is called a peaking 
coil. In some instances you will find 
additional peaking coils used between 
the load resistor in the plate of the 
tube and also between the coupling 
condenser CK and the control grid of 
the following tube. Sometimes these 
coils are connected in parallel with the 
resistors to broaden their response. 
Usually the coil is wound right on the 
resistor, which serves as a form for the 
coil. 

You will remember that a video am- 
plifier must handle frequencies as low 
as 10 cycles. At frequencies below 
about 60 cycles, a coupling condenser 
CK of the size generally used in ampli- 
fier circuits will not allow square -top 
pulses or flat (constant level) video 
signals to pass without causing a 
gradual drop in the flat top. There- 
fore, a large coupling condenser is gen- 
erally used between two video stages 
to increase the low -frequency re- 
sponse. To decrease the amount of 
shunting capacity C, this coupling 
condenser is not allowed to lie on the 
chassis. 

In addition, some method of in- 
creasing the gain at low frequencies is 
incorporated in the circuit. In Fig. 14, 
R2 and C5 are inserted in the plate - 
load circuit as shown, to overcome the 
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drop-off in low -frequency response. 
The value of C5, which is usually an 
electrolytic, is chosen so that it acts 
as a shunt to ground for the high fre- 
quencies, but is not a complete shunt 
to ground at the very low frequencies. 
This means that at low frequencies the 
effect of C5 is negligible, and R2 then 
acts as a part of the plate load, in- 
creasing its resistance and thereby 
raising the gain. 

The variable C -bias arrangement 
for the type 6K6 tube in Fig. 14 pro- 
vides a manual contrast control. Con- 
trast control potentiometer P is con- 
nected in series with the minimum 
fixed bias resistor Rc. Varying the 
contrast control not only changes the 
bias on the tube and its over-all gain, 
but also it introduces a certain amount 
of degeneration, since the contrast 
control is not by-passed. As the de- 
generation is increased by inserting 
more resistance in the circuit, the 
stage gain decreases. 

There are, of course, many modifi- 
cations in the video amplifiers and 
contrast control circuits, but we will 
study these in detail later. 

THE D.C. RESTORER 
As you have already seen, passage 

of the television signal through a con- 

VT1 

VIDEO SIGNAL 
IN A.C. FORM 

+B 

L1t 

D.C. RESTORATION 
OCCURS HERE 

denser such as is used for coupling 
purposes in the video amplifier, will 
remove the d.c. component. This will 
leave the video signal in its a.c. form 
as shown in Fig. 13B. As a result, 
when resistive -capacitive coupling is 
used between the video detector and 
the grid of the picture tube, a d.c. re- 
storer section must be used following 
the condenser to restore the d.c. com- 
ponent and realign the pedestals. This 
section adds to the a.c. television sig- 
nal a d.c. voltage that varies from in- 
stant to instant in exactly the proper 
manner to make the pedestals line up 
again. 

In many receivers the d.c. compo- 
nent of the television signal is restored 
in the output stage of a resistance - 
capacitance -coupled video amplifier. 
This is done simply by eliminating the 
fixed C bias in this last stage and al- 
lowing the sync pulses that are ap- 
plied to the grid of this tube to de- 
velop their own C bias by means of a 
rectified grid current flow through a 
grid resistor of high ohmic value. 

A typical video output circuit that 
reverses the phase of the a.c. signal 
and at the same time restores the d.c. 
component in the correct manner to 
make the pedestals line up is shown in 
Fig. 15. Although this circuit employs 

VT3 

PICTURE 
TUBE 

FIG. 15. One method of lining up the pedestals in a TV signal after the d.c. com- 
ponent has been removed by passing the signal through an a.c. amplifier. 
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a pentode tube, a triode tube could be 
used. Peaking coils L2 and L3 in the 
plate circuit of tube VT2 are designed 
to give gain equalization, and resistor 
RL serves its usual function as the 
plate load. 

When an a.c. television signal of the 
form shown at the left in Fig. 15 
(having a negative picture phase) is 
applied to the circuit, the output sig- 
nal will be of the form shown at the 
right, with the pedestals all lined up 
to give proper restoration of the d,c. 
component and with the positive pic- 
ture phase required by the picture 
tube. 

Grid resistor Rg plays an important 
part in the d.c. restoration process. 
This resistor has a high ohmic value, 
generally between 0.5 and 1 megohm, 
depending upon the type of tube used 
for VT2. In order to understand the 
action of this resistor, we must con- 
sider both the EgI> and the EgIg 
characteristic curves of a tube as 
shown in Fig. 16. Since there is no 
fixed C bias for tube VT2 in Fig. 15, 
the initial application of a.c. signals 
I and II to the input of the tube 
makes the average values of these sig- 
nals line up with the zero bias line in 
Fig. 16, and the grid of the tube is 
therefore driven in both a positive and 
a negative direction about point A on 
the EgIg characteristic curve. Since 
signal I in Fig. 16 corresponds to a 
bright line and signal II to a black 
line, we can see that the amount that 
the grid swings positive is proportional 
to the brightness of the line being 
transmitted. These conditions hold 
true only at the instant of application 
of the a.c. signal to the grid. 

Earlier in your Course you learned 
that a small amount of grid current 
flows in the tube even at negative 
grid -bias values, for some of the elec- 
trons that flow from the cathode to 
the plate under the influence of plate 
voltage will be trapped by the grid, 

then flow through the grid resistor to 
ground. Curve EgIg in Fig. 16 shows 
how this grid current flow begins at a 
negative C -bias value corresponding 
to point B, and increases as the grid 
is driven less negative and is finally 
driven positive. 

The application of an a.c. television 
signal (either I or II in Fig. 16) to the 
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FIG. 16. Characteristic curves for a 
triode video output tube. 

output stage will cause grid current 
to flow at all Lstants when the signal 
is to the right of point B. In Fig. 15, 
the electrons will travel from the 
cathode to the grid inside the tube and 
then through resistor Rg to the cathode 
again, producing across Rg a voltage 
drop that drives the grid negative. We 
thus have a negative voltage on the 
grid, acting in series with the applied 
a.c. television signal. The value of this 
negative voltage depends upon how 
much the a.c. signal swings positive 
from the zero bias line, and this in 
turn depends upon the brightness of 
the line that is being transmitted. We 
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are thus applying, in series with the 
television signal, a d.c. voltage whose 
value is proportional to line bright- 
ness. If the ohmic value of Rg is 
made sufficiently high, the sync pulses 
alone will produce the grid current 
that is required for this form of auto- 
matic C bias and d.c. restoration ac- 
tion. Use of part or all of the video 
signal for this purpose would result in 
undesirable amplitude distortion. 

With a negative C bias whose value 
is proportional to the brightness, each 
line of the a.c. television signal will be 
moved in a negative direction along 

VTI 

The time constant of part CK and 
Rg in Fig. 15 must be so chosen that 
it is at least equal to the time period 
for one line, in order to make the in- 
stantaneous grid bias dependent upon 
the average brightness of a line. Since 
average brightness ordinarily does not 
change rapidly from line to line, the 
time constant can be increased con- 
siderably; in fact, a time constant 
equal to the time for about 10 lines 
appears to be quite satisfactory. 

You will notice from Fig. 15 that 
the picture -tube grid and cathode are 
connected across the plate load of the 
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FIG. 17. Here d.c. restoration is secured 
in the control -grid circuit of the picture 
tube by means of diode rectifier VT,. A 
germanium crystal is sometimes sub- 
stituted for VTa, saving space and the 

filament -current drain of the diode. 

the E5 -I, characteristic curve in Fig. 
16 an amount corresponding to the 
brightness of the line. Signal I (for a 
bright line) will be shifted automati- 
cally to position I -I, and signal II 
(corresponding to a black line) will be 
shifted only a small amount, to posi- 
tion II -II in Fig. 16. The result is an 
automatic alignment of the pedestals. 
The alignment is not exactly perfect, 
but it is near enough for all practical 
purposes. The operating C bias for the 
output stage will shift with each 
change in line brightness, but the tube 
will always be acting on the linear 
portion of the Egg, characteristic (as 
a class A amplifier), producing an out- 
put signal which has the required 
phase and the required alignment of 
the pedestals. 

last video tube. As a result, the re- 
stored signal across this load is ap- 
plied between the grid and the 
cathode. 

In some instances, however, a con- 
denser may be inserted in series with 
the grid of the picture tube; this, of 
course, removes the d.c. component. 
When this is done, another method of 
restoring the d.c. component is used. 
This is illustrated in Fig. 17, where the 
d.c. component is reinserted in the 
signal at the grid of the picture tube. 
It will be noted here that the d.c. re- 
storer uses a diode rectifier that could 
be a tube or a germanium crystal. 
Both types of rectifiers are widely 
used in modern television receivers. 

Two typical conditions will serve to 
illustrate how the d.c. restorer in Fig. 
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17 operates. If the scene being tele- 
vised is completely black, the ampli- 
tude of the voltage representing the 
picture content will be equivalent to 
the black level. As a result, if the d.c. 
component is removed, the picture 
signal will be at the a.c. axis and the 
only amplitude variations from this 
point will be those corresponding to 
the sync pulses, which will represent 
rather small amplitudes. If these 
small pulses are to drive the picture 
tube beyond cut-off, some means must 
be provided whereby the bias on the 
grid is automatically adjusted to cut- 
off. 

We can assume that the initial pic- 
ture tube bias is determined by the 
setting of the brightness control, so 

with no signal, the picture tube is op- 
erating at the point of cut-off. Now, 
if, as described in the previous para- 
graph, the signal voltage across the 
video amplifier plate load is small, 
only a low a.c. voltage is applied in 
series with the a.c. circuit represented 
by the plate -circuit decoupling con- 
denser Cs, the plate load resistor Rs, 
condenser C5, and the diode rectifier. 
When the plate is positive with respect 
to the cathode, the diode rectifier 
passes current that charges condenser 
C5. During periods when the plate is 
negative with respect to the cathode, 
the diode rectifier is non -conducting, 
and the condenser discharges partially 
through resistor R5. If the values of 
R5 and condenser C5 are correctly 
chosen, the charge across the con- 
denser, and therefore the voltage from 
cathode to ground, will remain sub- 

stantially constant during the picture 
interval between successive horizontal 
sync pulses. The effect of this circuit 
action is to develop across resistor R5 

a variable bias voltage that opposes 
the bias due to the brightness control. 
If part values are properly chosen, this 
automatic variation in bias will be 
sufficient to line up the pedestals at the 
cut-off level, and thus enable the sync 
pulses to drive the picture tube be- 
yond cut-off. 

Another analysis may be made us- 
ing as an example an all -white scene. 
Under such a condition, the amplitude 
of the voltage, corresponding to the 
picture content, will be maximum. 
Consequently, after the d.c. component 
is removed from the signal voltage 
that is developed across the video de- 
tector load resistor, the voltage ex- 
cursions from the a.c. axis represented 
by the sync pulses will represent com- 
paratively high amplitudes. Under 
such conditions, the picture tube bias 
must be automatically reduced from 
its correct value for a black scene for 
blanking pulses to drive the tube to 
the cut-off point and the sync pulses 
beyond cut-off. An analysis of the 
circuit indicates that the larger volt- 
age excursions or peak amplitudes 
would cause a greater amount of rec- 
tification, and therefore a correspond- 
ingly greater reduction in picture -tube 
bias. Thus the d.c. restorer is in real- 
ity an automatic bias control that 
continually adjusts the bias so that 
the blanking pulses always drive the 
picture grid to the desired cut-off point 
and the sync pulses drive it beyond 
cut-off. 
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Forming the Picture 
THE CATHODE-RAY TUBE 

The C -bias voltage for the control 
grid of the picture tube must have a 
value that will make the line-up pedes- 
tals in the television signal operate 
at the cut-off point on the grid voltage - 
brightness (Eg B) characteristic curve 
for the picture tube. Let us see how 
this is accomplished. 

When no television signal is being 
fed to the grid of the video output 
tube in Fig. 15, there is zero C bias 
in tube VT2. As a result, the plate 
current for tube VT2 is at its maximum 
value. This gives a maximum voltage 
drop between points 1 and 2 on the 
plate load, with point 1 negative with 
respect to point 2. If the grid of the 
picture tube is connected to point 1 

and the cathode to point 2, as shown, 
the negative C bias on the picture tube 
for no signal will be the entire drop 
across RL and L3; this might corre- 
spond to voltage A on the EgB char- 
acteristic curve in Fig. 18. This volt- 
age places the C bias for the picture 
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FIG. 18. Grid voltage -brightness charac- 
teristic curve for a cathode ray tube, with 
the television signal shown for the condi- 
tion where the pedestals are not at the 

cut-off point. 

tube beyond cut-off, and the screen 
will be dark when no station program 
is being received. 

Application of an a.c. television sig- 
nal to the grid of the video output 
stage initiates d.c. restoration action, 
producing the varying negative C bias 
required to align the pedestals. As a 
result, the instantaneous voltage on 
the grid of the video output tube 
varies from nearly zero for a sync 
pulse to a maximum negative value 
corresponding to a bright line (as 
shown at I -I in Fig. 16). The pedestals 
might all line up at voltage B in this 
case; obviously this is not a desirable 
condition, for it allows part of the 
video signal to swing beyond brilliancy 
cut-off. 

To make the pedestals line up at the 
cut-off voltage, it is necessary to in- 
troduce in the grid circuit of the pic- 
ture tube a positive voltage of the 
proper value. This can be done as 
shown in Fig. 15 where the cathode of 
the picture tube is connected to the 
movable arm of potentiometer P, a 
part of the voltage divider connected 
between B+ and chassis. As the slider 
of potentiometer P in Fig. 15 is moved 
toward the right, the negative voltage 
on the control grid of the picture tube 
is reduced, and increased brilliancy 
results. Moving the potentiometer to- 
ward the left as shown in Fig. 15 re- 
sults in increased bias and a darker 
over-all picture. 

Although the brightness control 
shown in Fig. 15 is entirely satisfac- 
tory and is widely used, there is some 
danger of damaging the picture tube 
if the video output tube burns out. In 
this case no plate current would be 
drawn by the video output tube and 
point 1 would be of the same potential 
as point 2. If the slider of potenti - 
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FIG. 19. The electrodes found in electro- 
static and electromagnetic picture tubes. 

ometer P is turned toward the right, 
the cathode of the picture tube will be 
negative with respect to the control 
grid-in other words, a positive volt- 
age will be applied to the control grid. 
Usually this will not damage the 
screen of the picture tube, but the 
cathode of the tube could be harmed. 

If the brightness control shown in 
Fig. 17 is used, the bias on the picture 
tube is entirely independent of the last 
video amplifier, and unless leakage 
should develop in condenser 04 or 05 
nothing would occur that would drive 
the picture tube grid positive. These 
are obscure complaints, however, that 
seldom occur and are not a great 
problem. 

PICTURE -TUBE ELECTRODES 
The important electrodes in an elec- 

trostatic picture tube are shown in 
schematic form in Fig. 19A. In addi- 
tion to the heater (filament), the 
cathode, and the control electrode G, 
(the control grid), there are two 
anodes marked Al and A2. These 
anodes are positive with respect to the 
cathode, and provide acceleration of 
the electrons. Anode A2 is higher in 
potential than anode Al. The differ- 
ence in potential between these two 

anodes serves to produce an electric 
field that makes the electrons focus to 
a point on the screen. Finally, there 
are electrostatic deflecting plates DV 
and DH that serve to sweep the beam 
horizontally and vertically across the 
screen. 

In Fig. 19B the electrodes of an 
electromagnetic picture tube are 
shown schematically. Again we have 
the heater, the cathode, the control 
grid, and anode Al which serves as an 
accelerating anode. Further accelera- 
tion is obtained by means of anode A2 
which consists of a coating on the in- 
side of the glass envelope of the tube. 
In the metal tubes, the entire metal 
shell serves as the second anode. A 
very high voltage is applied to the 
second anode, and a relatively low 
voltage, about 300 volts, is applied to 
the first anode. In these tubes, focus- 
ing is accomplished by means of a 
magnetic field produced by direct cur- 
rent through a focusing coil; other 
coils carry the currents used to provide 
magnetic fields for the vertical and 
horizontal sweeps. 

SWEEP CIRCUITS 

In both the electromagnetic and 
the electrostatic picture tube, a saw - 
tooth sweep is used to move the elec- 
tron beam back and forth and up and 
down across the face of the tube. In 
the electrostatic tube, a saw -tooth 
voltage is applied to the deflecting 
plates; in the electromagnetic tube, a 
saw -tooth current is produced in the 
deflecting coils that surround the neck 
of the picture tube. 

The sweep circuits used for the elec- 
tromagnetic and electrostatic tubes 
are quite similar, although there are a 
few differences. First, we will con- 
sider the sweep circuits for the electro- 
static tubes. 

In the electrostatic tube each pair 
of deflecting plates must be fed with 
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a saw -tooth voltage of the correct 
frequency. The voltage applied to a 
pair of deflecting plates should have 
the form shown at C in Fig. 20, which 
is an a.c. voltage having a saw -tooth 
wave form. 

The circuit shown in Fig. 20 will 
produce a saw -tooth pulsating a.c. 
voltage if its grid is controlled by 
pulses of constant amplitude and 
duration, so this circuit is satisfactory 
for a television receiver. The circuit 
uses an ordinary high -vacuum triode 
tube, with plate voltage applied 
through resistor RL. A bias voltage 
applied through resistor Rg makes the 
grid sufficiently negative to give plate - 
current cut-off, there is no plate cur - 

pulse. The voltage across C will be a 
d.c. voltage having the saw -tooth wave 
shape shown at B in Fig. 20. When 
this voltage is applied through con- 
denser CK, the d.c. component is re- 
moved, giving the a.c. saw -tooth wave 
shape shown at C in Fig. 20. 

The saw -tooth generator circuit 
shown in Fig. 20 cannot be driven 
directly by the received sync pulses, 
because the shape of its saw -tooth 
output wave depends upon both the 
amplitude and the duration of the 
pulses fed into it. Under practical re- 
ceiving conditions, the sync pulses are 
not constant in amplitude and dura- 
tion. If they were used to drive a saw - 
tooth generator, therefore, the shape 

FIG. 20. Saw -tooth sweep circuit. 

rent, and condenser C becomes 
charged to the full plate -cathode volt- 
age of the tube. 

Each time a positive sync pulse (A) 
reaches the grid of this tube, the pulse 
overcomes the negative grid bias and 
makes the tube conductive for the 
duration of the pulse. Condenser C 
then discharges through the tube, 
which has a definite resistance when 
conductive. At the end of a sync pulse, 
plate current flow stops, and con- 
denser C charges up again through RL. 
Since the tube when conductive has a 
considerably lower resistance than RL, 
the discharge is far more rapid than 
the charge. We thus have a gradual 
build-up in the voltage across C until 
a pulse arrives, then a sudden drop in 
voltage during the pulse interval, this 
process repeating itself for each sync 

and frequency of the saw -tooth output 
would not be constant. Instead, each 
saw -tooth generator circuit must be 
driven by an oscillator that will pro- 
duce pulses of constant amplitude and 
the correct duration. This will make 
the saw -tooth generator circuit pro- 
duce a constant and correct saw -tooth 
sweep voltage at all times. 

An oscillator that is controlled by 
the TV sync pulses but disregards any 
variation in their amplitude or dura- 
tion is used as the driving unit for 
the saw -tooth generator. Further- 
more, each oscillator circuit produces 
positive pulses at a rate slightly lower 
than the correct frequency for the 
generator, and is so designed that the 
frequency of the oscillator will in- 
crease to the correct value automati- 
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tally when fed with the sync pulses 
that are associated with the TV signal. 

An oscillator circuit that meets these 
requirements is shown in Fig. 21. It is 
known as a self -blocking oscillator, 
commonly called a blocking oscilla- 
tor, and is used for both electromag- 

T 
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FIG. 21. Self -blocking oscillator circuit 
which can be controlled by synchronizing 

impulses. 

netic and electrostatic sweep systems. 
Transformer T in this circuit provides 
feedback from the plate circuit to the 
grid circuit. The transformer con- 
nections are such that when the cir- 
cuit is in operation, the feedback volt- 
age drives the grid positive, just as in 
a conventional oscillator. The result- 
ing flow of grid current through R pro- 
duces a voltage drop across R which 
drives the grid highly negative and at 
the same time charges condenser C. 
This charging action lasts for only a 
brief interval equal to the time re- 
quired for the negative grid to stop 
all electron flow in the entire circuit. 
Condenser C then begins discharging 
through resistor R at a rate deter- 
mined by the values of C and R. Both 
Rl and the grid winding of trans- 
former T have a low resistance, and 
consequently the terminal of the wind- 
ing to which Rl connects can be con- 
sidered as connected to ground during 
this discharge process. When the 
charge on condenser C has leaked off 
enough to lower the negative C bias 
on the grid sufficiently to allow plate 
current to flow again, feedback then 
takes place, driving the grid positive, 
and causing a repetition of the entire 
cycle. 

The frequency of the blocking oscil- 
lator circuit in Fig. 21 is controlled by 
variable resistor R, because it controls 
the time constant of C and R. The 
natural frequency of blocking should 
always be lower than the frequency of 
the sync pulse that is fed into the 
circuit, because then the sync pulse 
will arrive just before the oscillator 
can unblock by itself and will there- 
fore control the unblocking action. (If 
the pulse were to arrive after the 
oscillator had unblocked, it would 
have no effect on the frequency of 
operation.) The sync pulse controls 
the unblocking action because it 
swings the grid positive almost in- 
stantly, starting a new cycle. The 
same form of sync pulse is produced 
by this blocking oscillator regardless 
of the amplitude and duration of the 
TV signal sync pulses (provided their 
amplitude is sufficient to swing the grid 
positive). Sync pulses thus determine 
the exact frequency of the controlled 
pulses that are fed to the saw -tooth 
generator, and these new pulses always 
have the correct amplitude and dura- 
tion to control the saw -tooth genera- 
tor so it will produce the desired sweep 
voltage. 

In actual use, resistor R may be 
mounted on the front panel so that the 
customer can make readjustments as 
necessary, or it may be of a semi - 
adjustable type mounted on the rear 
chassis apron. In the latter case, R 
is adjusted by the technician (at the 
time of installation) to a compromise 
setting which gives maximum sensi- 
tivity to weak pulses and at the same 
time insures that the pulses will con- 
trol the frequency of blocking under 
all normal receiving conditions. 

The grid of the blocking oscillator 
in Fig. 21, being highly negative with 
respect to the chassis except for the 
duration of each pulse, may be con - 
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netted directly to the grid of the saw - 
tooth generator circuit in Fig. 20. 
\Vith this connection, no separate 
negative bias is needed for the saw - 
tooth generator grid, and parts Rg and 
R, in Fig. 20 may be omitted. Usually 
the generator tube and the oscillator 
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FIG. 22. Saw -tooth generator of the 
mutivibrator type. 

tube are in a single envelope. A double 
triode such as the 6SN7 is used. One 
double triode with its blocking oscil- 
lator and saw -tooth generator circuit 
must be provided for the horizontal 
sweep and another similar system for 
the vertical sweep, each circuit being 
adjusted to give the proper sweep 
frequency. 

In some instances, particularly in 
receivers using electrostatic tubes, the 
self -blocking oscillator in Fig. 21 and 
the discharge tube in Fig. 20 may be 
replaced by a multivibrator like that 
shown in Fig. 22. This saw -tooth 
generator uses a type 6SN7 tube as a 
conventional cathode -coupled multi - 
vibrator. The multivibrator can be 
easily adjusted with the hold control 
R2 to oscillate slightly below the cor- 
rect frequency. The pulses that are 
applied to the grid of VT, will increase 
the multivibrator frequency automati- 
cally to the correct value.. Tube VT2 
acts as a discharge tube across con- 
denser C2 to give a saw -tooth output. 

The values of 02 and RS are chosen 
to permit use of the linear portion of 
the charging curve. 

SWEEP AMPLIFIERS 
The output of a sweep generator is 

never sufficient to bend the beam in a 
picture tube. For this reason, ampli- 
fication of the sweep generator output 
is always required. 

In the electromagnetic picture tube, 
the current that passes through the 
deflection coils is used to produce the 
magnetic field that bends the beam. 
A power amplifier between the sweep 
generator output and deflection coils 
is required. 

In Fig. 23 you will find a typical 
voltage amplifier for an electrostatic 
picture tube. Notice that push-pull 
operation is used because it reduces 
the total amount of sweep voltage re- 
quired. The saw -tooth voltage is de- 
veloped across discharge condenser C, 
in Fig. 23 and is applied through 
coupling condenser C2 to the input of 
tube VT2. Resistor R2 controls the 
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FIG. 23. Push-pull horizontal sweep 
amplifier for an electrostatic picture tube. 

amplitude of the saw -tooth sweep. 
The signal across grid resistor R. is 
amplified by VT2 and appears across 
plate load resistor R5. This saw -tooth 
voltage is passed through coupling 
condenser C. directly to one of the 
horizontal deflection plates of the pic- 
ture tube. Some of the voltage at the 
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output of tube VT2 is tapped off 
through condenser C3 and develops a 
saw -tooth voltage of the correct am- 
plitude across grid resistor R, of tube 
VT3. This tube amplifies the signal, 
which is 180 degrees out of phase with 
the signal that is fed to the input of 

FIG. 24. Single -ended amplifier typical 
of those used in vertical sweep circuits 

of electromagnetic picture tubes. 

VT2, and the amplified signal appears 
across the plate load Rs. Coupling 
condenser C5 serves to impress this 
voltage on the other horizontal de- 
flection plate. 

There is practically no difference 
between the horizontal- and vertical - 
sweep amplifiers used in electrostatic 
receivers, with the exception of part 
value variations. Coupling condensers 
C4 and C5 for the vertical sweep must 
be far larger in capacity than those for 
the horizontal sweep, since the vertical 
sweep operates at 60 cycles, and the 
horizontal sweep operates at 15,750 
cycles. 

Fig. 24 is a typical vertical -sweep 
amplifier circuit used with an electro- 
magnetic picture tube. A conventional 
blocking oscillator is used, and resistor 
R2 is used to vary the sweep -frequency 
rate. The blocking oscillator also acts 
as the sweep generator. The ampli- 
tude of the generated sweep signal is 
determined by the setting of resistor 
R4. Condenser C2 and resistor R5 
serve to produce the correct sweep 
wave shape, which is applied through 
condenser C3 to the input of vertical - 
amplifier tube VT2. This tube is a 
pentode but you will note that it is 
connected as a triode, with the plate 

and screen tied together. An output 
transformer that will permit maxi- 
mum power to be delivered to the 
vertical deflecting coils marked L, and 
L2 is used. Resistors R8 and R9f in 
parallel with the vertical deflection 
coils, are used to damp out any tend- 
ency toward self oscillation in this 
circuit. The currents through L, and 
L2 have a saw -tooth wave shape, al- 
though they are produced by a voltage 
that differs considerably from a saw - 
tooth. The reason for this will be ex- 
plained in greater detail when we 
study sweep circuits in another Lesson. 

There is considerable difference be- 
tween the horizontal and vertical am- 
plifiers in an electromagnetic picture 
tube. A horizontal -amplifier circuit 
is shown in Fig. 25. A high -power 
tube is used here. The plate generally 
comes out to the top -cap connection. 
(You should never make the mistake 
of touching a top cap of a horizontal 
output tube since several thousand 
volts may be present as a result of 
the high value of inductance in the 
plate circuit.) 

The sweep signal is applied to the 
input of this tube across resistor R, 
in the usual manner, and the amplified 

FIG. 25. Horizontal amplifier and de- 
flection coils showing damper tube used 

to prevent fold -over in the raster. 

signal across the primary of T, is 
transferred to the secondary. The cur- 
rent flowing in the secondary circuit 
and through deflecting coils L, and L2 
can be limited by adjustable induc- 
tance L3. This inductance is therefore 
the horizontal -width control. 
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The Damping Tube. The linear 
rise of current through the horizontal 
deflection coils moves the electron 
beam from the left to the right side 
of the picture in approximately 53 
microseconds. The current must then 
return to its starting value at approxi- 
mately 7 microseconds to produce the 

FIG. 26. Current through horizontal 
deflection coil and oscillation removed 

by damping tube. 

retrace. This sudden collapse of cur- 
rent through an inductance produces 
an oscillatory condition, shown at A 
in Fig. 26, that would destroy the 
linearity of the sweep and must be 
removed by the damping tube. This 
tube is VT2 in Fig. 25. When the 
plate of the damping tube becomes 
more positive than its cathode, con- 
duction occurs, heavily loading the 
circuit, and preventing the undesirable 
oscillation. As a result of this conduc- 
tion, a d.c. potential of approximately 
100 volts is developed and stored in 
condenser C3. This voltage is added to 
the normal plate voltage of the hori- 
zontal amplifier and makes its poten- 
tial considerably higher than that 
from the power supply of the receiver 
alone. Unless this salvaged energy is 
used, there will be considerable loss in 
efficiency. 

Damping -tube actions will be de- 
scribed in greater detail elsewhere in 
the Course, but you will be interested 
to see in Fig. 27 the effect of a burned - 
out damping tube. Notice how the 
horizontal -sweep linearity is destroyed 
so that overlapping or "fold -over" oc- 
curs at the left of the test pattern. 

SPOT -CENTERING CONTROLS 

It is not economically practical to 
build a gun in a cathode-ray tube that 

will produce a spot in the exact center 
of the screen when there are no deflect- 
ing voltages applied to the plates of 
an electrostatic tube, or when there is 
no current flowing through the deflect- 
ing coils of an electromagnetic tube. 
Some adjustment must be provided 
that will move the spot to the exact 
center of the screen and thereby center 
the reproduced image on the screen. 

In Fig. 23, the required sweep volt- 
age exists at the output of condensers 
C. and 05 and must be applied to a 
pair of deflecting plates in the picture 
tube as shown in Fig. 28. Condensers 
C. and C5 are coupling condensers 
(like the ones shown in Fig. 23), and 
resistors R1 and R2 complete the re- 
turn circuit for deflecting plates 1 and 
2 and also serve as the signal load for 
the sweep voltage supplied through 
condensers C. and C5. Notice that 
plate No. 1 connects to point b on the 
voltage divider. Plate No. 2 connects 

FIG. 27. Fold -over in raster due to de- 
fective damper tube in horizontal sweep. 

to the slider of potentiometer Re. 
Moving the slider toward point a 
makes plate 2 more positive than 
plate 1, and the beam is bent toward 
plate 2 while being repelled by plate 1. 

Moving the slider toward point c 
makes plate 2 negative with respect 
to plate 1, and the beam is repelled 
from plate 2 and attracted toward 

24 



plate 1. By properly adjusting R6 the 
beam can be exactly centered. A simi- 
lar system is used for the other pair 
of deflection plates. 

It is also necessary to center the 
beam in an electromagnetic tube using 
a sweep system such as that shown in 
Fig. 24. In this figure, no means is 
provided for centering the beam; cen- 
tering is done by moving the focus coil. 
This will be taken up in detail later. 
In many sets, an actual adjustment is 
often used for centering purposes in an 
electromagnetic picture tube. A typi- 
cal system is shown in Fig. 29. Here 
we have a low -resistance tapped po- 
tentiometer in the B -supply circuit. 
Notice that the secondary of the sweep 
transformer connects directly to point 
2 and through deflecting coils L1 and 
L2 to the slider of the potentiometer. 
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FIG. 28. Electrostatic centering control. 

When the slider is placed at point 2, 
no d.c. flows through the deflecting 
coils. When the slider is moved to- 
ward point 1, electrons will flow from 
point 2, through the secondary of out- 
put transformer T, and through L1 

TI 
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FIG. 29. Electromagnetic centering con- 
trol. 

and L2 back to the slider. This will 
bend the beam in a given direction. 
When the slider is moved toward point 
3 it reverses the direction of current 
flow, and the electrons now travel from 
the slider, through L2 and L1, the 
secondary of T1, and back to point 2. 

This moves the beam in the opposite 
direction. Proper adjustment of the 
slider gives exact centering of the 
beam, and hence centering of the re- 
produced picture on the screen. The 
same method can be used for either 
the horizontal or vertical sweeps in 

electromagnetic picture tubes. 
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Sync -Separating and A. G. C. 
SYNC -SEPARATING CIRCUIT 
Before the synchronizing pulses that 

accompany the video signal can be 
made to control the horizontal and 
vertical sweep circuits, the sync pulses 
must be separated from the video sig- 
nal, and the horizontal sync pulses 
must be separated from the vertical 
sync pulses. 

Either a triode or a pentode tube 
that is negatively biased to plate cur- 
rent cut-off or a diode tube will sepa- 
rate the sync pulses from the video 
signal, provided that only the pulses 
cause plate current to flow. The tele- 
vision signal that is fed into the sync 
separator circuit can have either a 
positive or a negative picture phase, 
but in either case the pedestals must 
be lined up. Alignment of the pedes- 
tals makes the use of a negative pic- 
ture phase more desirable, as you will 
shortly see. 

If the sync separator is to be con- 
nected to a point in the video ampli- 
fier where pedestals are not lined up 
(where only the a.c. component of the 
television signal is present), the ped- 
estals must be lined up by properly re- 
storing the d.c. component before the 
signal can be fed into the sync -separa- 
tor tube. 

The sync separator will have a load- 
ing effect upon any stage to which it 
is connected, even though the separa- 
tor tube is negatively biased, for the 
separator circuit has an input capacity 
that can affect the high -frequency re- 
sponse of the video amplifier. There is 
one point in a television receiver to 
which this input capacity can be con- 
nected without affecting high -fre- 
quency response. Referring to Fig. 
30, you will see that one half of a duo 
diode is used as a video detector. The 
other half of the tube may be used as 

the sync separator or clipper. This is 
section VT1 of the 6AL5 shown in Fig. 
30. Section VT1 rectifies the video sig- 
nal applied to it through condenser C1, 
the path of electron flow being through 
R2, VT1, and R1. The input time con- 
stant, which is governed by the values 
of C1 and R1, is such that VT1 holds 
its bias just above black level and de- 
livers separated sync pulses to sync 
amplifier VT3. The pi filter composed 
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FIG. 30. Here are shown the detector, 
the sync separator and amplifier, and the 
sync limiter, which delivers noise -free, 
constant amplitude pulses to the sweep 
generator. That portion of the circuit 
shown in the dotted lines separates the 

horizontal and vertical pulses. 

26 



of resistor R3 and condensers C2 and 
C3 separates the video i.f. frequency 
and hash from the sync pulses. 

The sync amplifier VT37 and the 
sync limiter VT,, frequently precede 
saw -tooth generators of the multi - 
vibrator type shown in Fig. 22. VT, 
and VT, share a type 6SL7 tube and 
VT3 amplifies both the horizontal and 
vertical pulses obtained from VT1. 
Section VT, acts as a limiting cathode 
follower which clips off the noise peaks 
and supplies constant amplitude sync 
pulses to the saw -tooth generator cir- 
cuits. 

The grid of sync amplifier VT3 is 
d.c. coupled to the cathode of VT1. 
Resistor R4 drops the voltage applied 
to the sync amplifier with R5 as the 

HORIZONTAL 
IMPULSES 

short intensity, as they are for the 
horizontal sync pulses and the hori- 
zontal equalizing sync pulses (serra- 
tions) in Fig. 31, C9 charges and dis- 
charges through R11, producing the 
required horizontal timing pulses for 
the horizontal saw -tooth generator. 
This is due to the short time constant 
of C9 and R11 which enables the con- 
denser -charging current to follow 
faithfully the voltage variations 
shown in Fig. 31. Thus, horizontal 
sync pulses are obtained even during 
the vertical synchronizing periods, as 
is required. 

With no sync signals being received, 
C8 in the vertical separator circuit is 
charged up to the same voltage as ap- 
pears across R8. The time constant of 

SERRATIONS VECL 
IMPURTILSEA 

FIG. 31. Wave forms of impulses at the 
output of the amplitude -separator section. 

plate load resistor. Resistor R, and 
condenser Cs supply low d.c. voltage 
to the plate of the cathode follower. 
When a sync pulse is rectified by VT1, 
it causes the cathode end of R2 to be- 
come positive, thus applying a positive 
voltage pulse to the grid -cathode of 
VT3 and increasing its plate current. 
The voltage drop across R5 increases, 
which reduces the plate voltage of 
VT3i allowing C5 to discharge through 
Rs and VT3. Electrons flow from C5 
through Rs to the chassis, making the 
grid of VT, negative and dt:creasing 
its plate current. This reduces the 
voltage across R8. W I 3n picture sig- 
nals are being transmitted, no signal 
reaches the grid of VT, and the volt- 
age across R8 has 'a constant value. 
Sync signals cause this voltage to de- 
crease. 

When the voltage variations are of 

this circuit is slow, and C8 does not 
have time to discharge on the widely 
separated horizontal sync pulses. 
When the vertical sync pulses arrive, 
C8 will gradually discharge, being rela- 
tively unaffected by the short dura- 
tion serrations, and the decrease in 
voltage across C8 at this time is used 
to control the vertical saw -tooth gen- 
ePator. 

AUTOMATIC GAIN CONTROL 
The final television receiver section 

to be considered is that which pro- 
vides the automatic gain control volt- 
age. In this section, again, it is best 
to use the television signal in its d.c. 
form with pedestals lined up. The 
voltage for the a.g.c. circuit should be 
obtained across a load resistor which 
is shunted by a large condenser, in 
order to give a time constant so long 
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that the voltage will follow the sync 
pulse peaks. Doing this insures that 
the a.g.c. voltage will depend upon 
carrier level (or its equivalent, the 
level of the syne pulse peaks), rather 
than upon line brightness. 

Tube VT, in Fig. 30 produces across 
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FIG. 32. By filtering the voltage across 
R1, and a.g.c. voltage is obtained across C.a. 

Rl a voltage that follows the sync 
pulse peaks and has the correct polar- 
ity for a.g.c. purposes. It is only neces- 
sary to add an R -C filter composed of 
C2 and R4, as shown in Fig. 32, to 
complete the a.g.c. system. The a.g.c. 

voltage appears across C2 and will 
follow at all times the level of the 
sync peaks. If for any reason the 
carrier fades, the a.g.c. voltage will be 
reduced and the receiver gain will in- 
crease. An increase in carrier level 
increases the a.g.c. voltage, which in 
turn will reduce the receiver sensitiv- 
ity. 

In this manner the 6AL5 tube shown 
in Fig. 32 serves three purposes; act- 
ing as the video detector, the ampli- 
tude separator, and the a.g.c. This is 
a very simple a.g.c. system. Some sets 
use complicated circuits. These will be 
described in detail in another Lesson. 

REVIEW OF LESSON 

In reviewing this Lesson, try to 
visualize the frequency conversions 
that occur and the new frequencies 
developed as the television signal 
progresses through the receiver. Learn 
the frequency ranges that are handled 
by each stage and section, and above 
all, try to visualize the characteristics 
of the television signal at each stage 
or section. Furthermore, keep in mind 
that in television the terms picture 
signal, video signal, image signal, and 
sight signal are used interchangeably_. 
The terms sound and audio are like- 
wise used interchangeably. 
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Lesson Questions 
Be sure to number your Answer Sheet 50RH-2. 

Place your Student Number on every Answer Sheet. 

Send in your set o f answers for this Lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. If a signal having a positive picture phase is fed to the grid of a video 
amplifier, what will be the picture phase of the amplified signal in the plate 
circuit of the stage? 

2. Why does passage of a video TV signal through a condenser cause mis- 
alignment of the pedestals? 

3. Why cannot the sync pulses in the TV signal be used to drive a sweep 
saw -tooth generator? 

4. Why should the natural frequency of a sweep oscillator be lower than the 
frequency of the sync pulses? 

5. How may the phase of the picture signal at the output of the diode video 
detector be reversed? 

6. Why must the pedestals of a video signal all be lined up at the same con- 
stant level at the input of the picture tube? 

7. Why are video amplifier stages operated with low plate loads? 

8. Why is a large capacitor usually used as the coupling condenser between 
two video stages? 

9. What is the purpose of the resistors connected in parallel with the vertical 
deflection coils in an electromagnetic sweep circuit? 

10. What is the purpose of the sync separator or clipper? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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PAY ATTENTION TO 
LITTLE THINGS 

It is the close observation of little things that is 
the secret of success in business, science, and every 
pursuit in life. Human knowledge is only an accumu- 
lation of small facts. 

You may come across some facts and observations 
in your NRI course that may seem to be unimportant. 
But keep in mind that all will have their eventual 
uses and will fit into their proper places. 

When Franklin made his discovery of the identity 
of lightning and electricity, people asked, "Of what 
use is it?" Franklin replied, "What is the use of a 
child? It may become a man!" 

When Galvani discovered that a frog's legs twitched 
when put in contact with different metals, his obser- 
vation did not seem important. But this observation 
was the "germ" of the telegraph. 

Yes-it is well worth -while to pay attention to little 
things. When added up and used properly, great 
things may result. 
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KNOW YOUR COSTS 

TVhere does your money come from, and where does 
it got-these are two simple questions which have 
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expenses and your income, just as is done in any other 
successful business. These records need not be com- 
plicated-in fact, you will marvel at the simplicity of 
the system described in this lesson. 
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RADIO ACCOUNTING AND RECORDS 

A Simple System of 
THERE 

are certain basic dollars 
and cents facts that a man must 

know about his business to operate it 
successfully. The simplest possible 
system of records that will give you 
these facts is the best system for you. 
Elaborate records have no place in a 
one-man business. Your records, on 
the other hand, must be adequate to 
fit your needs, and give the necessary 
figures that are required for proper 
management and planning. Your rec- 
ords must be set up to provide ade- 
quate figures for the preparation of 
State and Federal tax returns state- 
ments that may be required by your 
bank should you desire to borrow, and 
financial statements as requested by 
Finance and Credit Companies. If 
you expect to grow and prosper under 
present-day competition, you must 
start at the beginning to use the tools 
of business. Figures are the tools of 
business, just as meters, screwdrivers, 
and soldering irons are the tools of 
the repair man. 

We recognize that you cannot 
spend much time on accounting work, 
so in this lesson we have planned a 
very simple Accounting System. 

When your business grows and a 
more elaborate system of records be- 
comes necessary it will be to your ad - 
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Records 
vantage to employ an accountant to 
install such a system, and you should 
hire a bookkeeper - typist - telephone 
clerk to do the office and clerical work 
and relieve you of this detail. Your 
job is to get out after the business, 
render satisfactory service, and bring 
in the profits. 

In the beginning, as you build up 
your volume of service work, you will 
need to know the exact cost of doing 
the work. How else can you know 
what to charge to make a profit? You 
must know how much profit you make 
and where the profit is coming from. 
You must know how much money you 
take in, where it goes, what is owed to 
you, and exactly how much you owe. 

There are other facts and figures 
that may be helpful in building up 
your business. Those just mentioned 
are the essential ones, however. You 
will find them all included in the sim- 
ple system described in this book. 

If you follow the rules given in this 
lesson, you will be well on the road to 
success. If you do not follow them, 
you take the chance of becoming a 
complete failure as a business man, 
and this will be true no matter how 
skillful you are as a Radiotrician. 

Income and Expenses. The first 
essential of any system of records is 



that a complete and detailed account 
be kept of all income and all expenses. 
Therefore, we will start with a record 
of cash received and payments made. 

CASH 

The first rule in our system is ex- 

tremely simple; for that reason, it is 

easy to neglect it. This rule is sound 
accounting practice-and sound busi- 
ness sense as well. 

Rule No. 1. All cash that comes in 
to the business and all cash that you 
receive for your service work must be 

deposited-without deductions of any 
kind-in the bank. If the receipts are 
large enough to deposit daily, make a 

deposit every day. If not, then make 
your deposits twice a week. Establish 
this practice in the beginning and 
stick to it. 

Maintain this practice by keeping 
all personal funds and expenses sepa- 
rate and distinct from those of your 
business. If you mix them, there will 

be no good way of determining the 
profit your business is earning, and 
the whole purpose of these simple rec- 
ords will be defeated. For your per- 
sonal needs such as clothing, salary, 
etc., draw a check against your busi- 
ness and payable to yourself, stating 
clearly on the stub of the check that 
it is for personal use. The reason for 
this rule will shortly become apparent. 

Petty Cash Fund. You will natu- 
rally ask, "If I put all the money in 

the bank, how will I pay for the many 
small items that I have to buy for the 
business, such as replacement parts, 
stationery, office supplies, etc.? These 
small expenses come up every day. I 

have to pay for them with cash." 
You will handle this in the manner 

used by nearly every business, large 
and small-by the use of a petty cash 
fund. Write out a check payable to 
yourself for $5, $10 or $15, depending 
on your requirements. Put this money 
in a safe, convenient place. This can 
be a box or a drawer, or even a spe- 
cial wallet or money pocket. The im- 
portant thing is to keep it strictly 
separate from all other funds. 

Pay all small bills chargeable to 
your business from this fund. As you 
spend the money from this fund, place 
a receipt or slip of paper in the money 
box, showing the exact amount of 
money spent, what it was spent for, 
and the date. 

The total of these receipts and slips 
plus the balance of cash left in the 
fund should at all times equal the 
total amount of the fund you began 
with. Thus, if your original petty 
cash fund is $10 and the balance of 
the cash on hand is $4.18, you should 
have receipts, slips, and tickets ac- 
counting for the expenditure of $5.82. 

You may be out on a job and find 
it necessary to buy some small part 
out of your pocket. Be sure to collect 
from the petty cash fund when you 
return. A large part of your expenses 
will be paid from petty cash, and 
strict adherence to this rule is even 
more important to you than to a 

larger business. 
When your petty cash fund gets 

low, take all the receipts or memos, 
and add them up. Write out a check 
payable to yourself for the total of 

2 



1.1 

these receipts, cash the check, and 
place the amount received in your 
petty cash fund. The cash from the 
check, added to the amount remaining 
in the fund, should bring the amount 
of cash on hand to the original figure. 
Repeat this procedure as often as 
necessary. The receipts and memos 
should be clipped together or put in 
an envelope, marked plainly with 
their total and the date, and filed 
away as shown in the section "A 
Voucher System." 

Cash Receipts Record. For our 
record of cash received we shall re- 

put into the business. The last col- 
umn you will note is reserved to show 
the deposits in the bank. At the end 
of the month add the column showing 
the amount received. Then add the 
column showing the amount deposited. 
If you have followed rule No. 1 and 
if your figures are correct, these two 
totals will agree. 

A VOUCHER SYSTEM 

It is as important to keep a record 
of all payments made by the business 
as it is to record all cash received. It 
is necessary to buy shrewdly and 
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quire a standard blank book which 
can be obtained from practically any 
stationer. Be sure to get one that is 
"journal -ruled. Forms 1 and 2 illus- 
trated in this book are made on jour- 
nal -ruled paper. 

Turn to the middle of the book and 
head one of the pages Cash Receipts. 
This part of the book will be your 
Cash Receipts Register. Head the 
columns as shown in Form 1, Date, 
Cash from, For, Amount, and De- 
posited. 

Now for Rule No. 2. Enter faith- 
fully in this book all cash received, 
including the personal cash that you 
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watch expenses carefully. It is equally 
necessary to know at all times how 
much you owe, which items are due, 
the bills that have been paid. and the 
date that they were paid. A properly 
kept voucher system will give you this 
information with a minimum of work. 

A voucher in its simplest form is 
any okayed or approved invoice or 
bill for goods purchased, or memo- 
randum of services purchased. You 
do not require a special printed form. 
If you buy ten tubes from the O.K. 
Tube Company and they render an 
invoice, all you have to do is mark 
it "goods received and okay," date it. 



number it, and for your purpose it is 

a perfectly good voucher. When you 
take the slips from your petty cash 
box, put them in an envelope or fasten 
them together; put a slip with them 
showing their total amount, the date, 
number of the slip, and it becomes a 

voucher. When you draw cash from 
the bank for your personal expenses, 
write out a slip with your name on it, 
the amount, the date, and number it - and this memo serves as your 
voucher. 

Now we have Rule No. 3. Never 
make a payment of any kind unless 
you have a bill, or a complete memo- 
randum showing the date, the amount, 
the purpose of the payment, and a 
voucher number. Vouchers should be 
numbered consecutively. (You can 
start with number 1.) 

A simple method is necessary for 
recording, paying, and filing vouchers. 
Use the first part of the journal -ruled 
blank book already mentioned. (See 
Form 2.) 

Head up the first page of your blank 
book with the words "Voucher Regis- 
ter." Then mark the columns as 
shown in the figure, Date, Pay to, For, 
Voucher No., Amount, and Date Paid. 

Let us suppose that your first trans- 
action is to set up a petty cash fund. 
You make up a memorandum for 
"Petty Cash," write the amount, the 
date, and number it in the upper 
right-hand corner "Vou. No. 1." You 
might next receive a bill for tubes 
sold on thirty -day terms, which means 
that it is to be paid in thirty days. 
If you think that you will have 
enough money to take the discount 
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offered for prompt payment, deduct 
the discount. If, on the due date you 
find that you cannot make payment, 
it will be necessary for you to make 
another entry in the Voucher Register 
(using the original voucher number) 
for the amount of the discount origi- 
nally deducted from the bill. Check 
this bill carefully against the tubes 
received, okay it, mark the date, and 
number it "Vou. No. 2" in the upper 
right-hand corner. 

Now enter both of these vouchers 
in the voucher register that you have 
prepared; enter the amount due or to 
be paid in the first money column and 
leave the second money column (Date 
Paid) blank for the present. 

All vouchers must be carefully 
filed. Have one file for unpaid vouch- 
ers and one for paid vouchers. Elabo- 
rate facilities are not necessary- 
probably a stout cardboard box will 
do. A heavy envelope or file pocket 
may be satisfactory for each file. 
Place unpaid vouchers in your unpaid 
voucher file in alphabetical order, and 
paid vouchers in your paid voucher 
file in numerical order. 

Turning again to your voucher reg- 
ister, you can see how easy it is to tell 
once a month what the total expenses 
of your business have been, what you 
have withdrawn for your personal 
use, and the grand total of all ex- 
penses. 

PAYMENTS 

As you know, Rule No. 1 is to de- 
posit all money in the bank. This 
means that it is necessary to pay all 
bills by check. (The only exceptions 



are small bills paid out of petty cash 
fund, but, as this fund is always re- 
newed by check, we accomplish the 
same result.) 

The success of the voucher system 
and the control of expenditure of busi- 
ness funds lies in strictly following 
Rule No. 4. Always pay by check. 

All bills that are to be paid have 
been made vouchers with numbers on 
them and filed in the unpaid voucher 
file. When the time ¢omen to pay the 
voucher, remove it from the unpaid 
voucher file and use the following safe 
procedure in making up your check. 
(See Form 3.) 

Before filling out the check, fill out 
the check stub. Show, in the usual 
spaces provided, the date of the check, 
the number of the check, the name of 
the person or firm to which the check 
is payable, and the number of the 
voucher that is being paid. 

Now fill in the check completely, 
being careful of the check number, 
the date, and especially of the amount 
to be paid. In the lower left-hand 
corner of the check put the number 
of the voucher being paid. If the 
payment is for more than one voucher, 
show all voucher numbers. This 
makes it easy in case of dispute to 
get out the paid vouchers covered by 
the check. 

Now get out your voucher register 
and make sure that every voucher be- 
ing paid is properly entered and that 
the amount of the check agrees with 
the total of the vouchers being paid, 
not only as shown on the vouchers but 
also as entered in the register. 

Then, note in the last money column 
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of the voucher register, opposite the 
items paid, the date of payment, and 
the check number. Mark your 
voucher paid, showing the date of 
payment and the check number. Then 
file the voucher in the paid voucher 
file in proper numerical order. 

At the end of the month, your 
voucher register will very likely show 
some items with no payment nota- 
tions beside them. These should be 
items which are not yet due. Check 
these open items on your voucher reg- 
ister against your unpaid vouchers, 
and add them up; you should have 
the exact total of the amount that you 
owe. 

In a sizeable business, a payment 
register becomes necessary. To save 
you work, the system outlined in this 
book eliminates a payment register 
and uses the check stubs only. You 
will simply show on each check stub 
the amount of each check as drawn 
and the total amount of the checks 
already drawn to date during the 
month. Add the amount of each check 
to the sum of the checks brought for- 
ward. You will thus have at all times 
the total of the checks drawn during 
the month and will automatically 
have this figure ready at the end of 
the month when you do your checking. 

Under this system, the only amounts 
to be entered on the face of the check 
stub are the amount brought forward 
(which is the total of checks drawn 
already during that month to date), 
the amount of the check being drawn, 
and the total to date. 

Keep the record of your bank bal- 
ance on the back of the previous stub 
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(in Form 3 this will be the back of 
Stub No. 31), where you will show the 
additions for deposits made and de- 
ductions for checks drawn. Study 
Form 3 very carefully. 

This departure from the usual 
method of recording changes in the 
bank balance on the face of the stub 
may be confusing, but the purpose is 

the determination of the total of the 
checks drawn for the month. This 
figure would normally be found in a 
Payment Register mentioned before 
in this text. 

RECONCILING YOUR 
BANK ACCOUNT 

At the end of the month, when your 
paid checks are returned by the bank, 
place them in numerical order, check 
them against the stubs, and mark the 
stubs to show which checks have been 
paid. List and add the unpaid checks, 
adding their total to your own balance 
shown on the back of the stub at the 

end of the month; then you should 
have the balance as shown by the 
bank for that date. 

Here is a simple way to test the 
accuracy of your record -keeping and, 
at the same time, make an additional 
check on your bank account: Add the 
total of the deposits as shown in your 
cash receipts register for the month to 
the amount of cash in the bank as 
shown by your check book at the be- 
ginning of that month. Then subtract 
the total amount of the checks drawn 
during the month as shown by your 
check stubs. If your figures are cor- 
rect, you will have the same balance 
as shown on your check book. 

This gives us Rule No. 5, a very 
important rule. Check or balance 
your accounts once a month. Make 
sure your work is accurate. If any 
mistakes have been made, find out 
where and correct them. Thus, your 
records will be dependable and will 
tell you the facts you need to know. 

7 



Job Costs and Billing 
So far, our system has shown you 

how to account for all cash received 
and paid, how to handle all payments, 
and how to use a petty cash fund. 
Now, avoiding all accounting techni- 
calities, we are going to supply a sim- 
ple system of billing for your goods 
and services. This system will in- 
clude a method of determining the 
cost and the profit on each service 
job. At the same time, you will fur- 
nish your customer with a bill and a 
complete statement of the work done. 

For this purpose, a combination 
bill -and -job ticket has been designed. 
We recommend strongly, since the 
original copy of this bill remains with 
the customer or is mailed to him, that 
you have a good job of printing done, 
using good bond paper, and neat type 
set-up. A little care on your part and 
a few extra pennies will impress your 
customer with the fact that, if you 
are so careful and exact in your busi- 
ness methods, your service methods 
and service work are probably just as 
exact and careful. 

The second copy of your form is 
somewhat different from the original 
copy. It should be printed on card 
stock or paper that is stiff enough so 
that you can stand it on end in a file 
box. When making up your bill, you 
will use a piece of carbon copy paper 
between the original and the second 
copy. 

It is not necessary to have these 
forms bound together. A paper clamp 
or clip board will hold both copies 
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and the carbon paper between them 
in proper position for writing. 

In order to get a clear impression 
on your file copy of the invoice, you 
will need a good pencil. We suggest 
a "copy" or "indelible" pencil, or a 
No. 3 lead pencil. A stiff point foun- 
tain pen (manifold point) would be 
better, but is not essential. Keep two 
or three well -sharpened pencils in 
your kit and at your shop so that you 
need never fail to render a bill on 
every job. 

Now examine carefully our invoice 
and job ticket and see how they are 
used. (See Form 4.) Your name, ad- 
dress, and telephone number should 
be attractively and plainly printed. 
Then we shall number the first job on 
which we use this form Job No. 1 

Now fill in the date. 
Notice particularly the little item, 

"Terms: Cash." If your customer is 
sound enough financially to have the 
job charged, cross off the word "cash" 
and write ten days or thirty days, or 
the date on which he agrees to pay. 
Some people entertain the false idea 
that, when no definite date of payment 
has been agreed upon, payment can 
be made at any convenient time, per- 
haps a year or two. They are wrong, 
but a few such customers can quickly 
stop your business from functioning, 
due to lack of funds. Never leave a 
bill or mail a bill to a customer with- 
out the terms of payment clearly 
stated. 

Now let us assume that you are 



receiving a call for service. Enter on when you can do the job enables you 

the invoice the customer's name and to plan your work, and having this 
address, the location of the job or much of the invoice and job ticket 

Form 4 

Phone 3x67 

Terms: Cash 

Name 

JOHN H. JONES 
AUTHORIZED RADIO-TRICIAN 

412 CAPITAL STREET 
WASHINGTON. O. C. 

Date 
FOR SERy.ES AND P ' S 

Job N 

Address 3112 C %k at..44., 

Location of job 

Work to be done 

3/.l26 

ja 
Quantity Material Used: Price 

5 27 1° 
/ S -PA F P 4 .72,A.44 (o frg(d t O 

i 

TOTAL MATERIAL CHARGE our I' 
SPECIAL CHARGES 

LABOR CHARGE Iplr 2 / O 
TOTAL BILL raw' 3 9 O 

Work O. K. 

Signed 

THANK YOU 

2! cer-e-w-w 

Poem 4 

where the service call is to be made, 
and as much detail of the job as you 
can get, including the time when the 
job can be done. Knowing in advance 
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Owner or Tanorlt 

filled out in advance saves you time 
when you are on the job. 

As you start working on a job, lift 
up the original and carbon paper and 



enter your starting time on the shop 
copy. As you use parts or material 
enter them on the original copy, wit 
the carbon in place, being sure t 
show the price as the selling price. I 
you have to buy special parts whit 
on the job, list them on the original 
but lift up the original and carbo 
paper and enter the cost price imme 
diately of these special parts on the 
shop copy. Incidentally, this may re- 
mind you to collect the cost of these 
parts from your petty cash fund when 
you get back to the shop. 

When you finish the job, be sure to 
enter on the shop copy the stopping 
time, figure the amount of time be- 
tween starting and stopping time and 
enter this elapsed time in the proper 
place. 

Then enter on the original, with the 
carbon in place, the amount you wish 
to charge for your labor. You already 
have the prices of material used en- 
tered at their selling prices. Now add 
the totals for material and labor, 
bringing the grand total down to the 
space, "Total bill." 

If the customer pays you, mark the 
bill paid, date it, sign it, and give the 
original to him. If the job is to be 
charged, get the customer to accept 
the bill by signing at the bottom after 
the words "Work O.K. Signed." Be 
sure the carbon is in place so that on 
your copy you have a complete 
okayed copy of the original bill. 

As soon as you return to your shop, 
fill in the cost column on your carbon 
copy. On the job illustrated, the cost 
price of the parts which sold for $1.80 
was $1.07. For your own information 
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you figure the difference and get the 
profit on materials as $0.73 which you 
might note near the words, "Total 
material." 

Now figure the cost of your labor 
just as though you had hired it done, 
pricing it at a definite hourly rate, 
which you feel you earn, or which you 
would have to pay an employee doing 
the same quality of work that you do 
and who has your technical qualifica- 
tions. Where you are the only service- 
men, then you should charge exactly 
what you would earn per hour if you 
were employed by some other organi- 
zation.' (This does not include the 
profit on the labor.) 

OVERHEAD 

The next item to figure is overhead. 
An entire book could be written on 
this subject, but for practical purposes 
it is enough to understand that over- 
head is simply the total of all expenses 
incurred by your business during the 
month that cannot be charged directly 
to particular jobs. These indirect ex- 
penses must be spread over all the 
jobs you do. Such items are solder, 
wire, and all miscellaneous items of 
supply, including business stationery 
and gasoline for your car. These must 
be estimated as closely as you can 
reasonably do so in advance. Items 
such as rent, light and heat, and tele- 
phone can be estimated closely. 

* When you start a business, you should 
draw no more than you earn by your labor 
charges. When the business becomes estab- 
lished you may fix a weekly wage for your- 
self. 



Certain important items such as of $48 or $2 a month. We will assume 
wear and tear on shop equipment and your car to be worth approximately 
on your car must be estimated. Sup- $240 and that you estimate it will be 

Form 4 

JOHN H. JONES 
AUTHORIZED RADIO-TRICIAN 

442 CAPITAL STREET 
WASHINGTON, D. C. 

Phone 3x67 Jib No. 47 
Terms: Cash SHOP COPY Date ' I 0 l 3 

RECO -a OF SERVIC3 R 

e 
'EKED. MATERIAL AND PART. SOLD 

Name l ; i i _ . , ¡/. 
Address / Y'124 fa -Li c.Le4 
Location of job 31/2( //( Gtit.aa. J/ 
Work to be done 

Quantity Material Used: 
I Cost 

Price 
Selling 
Price 

I Ciwt.aa 2/ u - (_ 
V p sm 4jQt,,p 67 CIA -4. 3 0 

List additional material on a second sheet, 
bring forward total, and enter here 

LABOR ( TOTAL MATERIAL our I n f / i 
on Job Start Stop Hrs. Rate =-1- 

/Serviceman 
0'Yt.4.e. too S.:ocî I I.e6 100 

77 

TOTAL LABOR COST AND CHARGED / 00 2 f O 
Add CO %Overhead CO 3 

DATE G ' / 
PAID /rlA.y f0 3Af 

Material Cost I 0 ̀ / 
9O 

Total Cost of Job 2 47 
/ 

i CARD 

Add Estimated Profit I 23 
Total Billed 3 TOTAL go AIM BILLED 
Work O. K. 

Signed 
Onvrrr or Tenant 

detriteV 

Foss[ 4 

pose that you are using a $48 multi - 
meter which you expect to last two 
years. The monthly cost of this in- 
strument to you is one -twenty-fourth 
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one-half this value or $120 at the end 
of twelve months. This loss in value 
or depreciation is $120 for the year 
or $10 a month. 



List all your indirect expenses for 
one month, and you may have a re- 
sult something like the following: 

Gasoline for the car 
Wire, solder, etc. 
Telephone 
Light and heat 
Rent 
Tools worn out or lost 
Depreciation of test equipment 
Depreciation of automobile 

$ 5.50 
3.50 
3.50 
9.00 

25.00 
1.50 
2.00 

10.00 

Total indirect expenses $60.00 

How shall we distribute this over- 
head to the actual jobs you will 

handle? You know about how many 
hours you expect to devote to service 

charged the customer will be $2.10, 

which we get by adding cost of labor 
$1.00, profit on labor 50¢, and over- 
head 60e. The addition of $2.10 to the 
selling price of material makes the 
total billed $3.90. 

Now, to get the estimated profit, 
subtract $2.67 from the total amount 
of the bill which is $3.90 and enter the 
difference of $1.23 after "Estimated 
profit." To check your work, add 
again the total cost of job and the 
estimated profit and your total billed 
should read $3.90. Remember that all 
of this detail is entered on your car- 
bon copy only and is confidential in- 
formation for your use. 

,-- r -.,a. At eej-9 _ ,/;a,`io-,2 el// (F ) 1 .2 G2 3 yo av4, 
i jomi49-milT-ir/ (6 dceuf. t) z il 20 (2 o0 

FORM 5 

work in the coming month. Let us as- 
sume that this will be one hundred 
hours. Divide $60 by 100 and you 
will find your overhead expense for 
each hour of labor is 60 cents. Since 
our sample service job took just one 
hour, we add in 60 cents for overhead. 
To this you add the profit derived on 
labor-in this case 50 cents per hour. 
The total charge for labor should not 
be unreasonable, as the customer is 

bound to complain. The total labor 
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Frequently, you will make an out- 
right sale of receiver parts, acces- 
sories, electric appliances, or a radio 
receiver. There will be no service 
cost, labor charges, or overhead 
charges, on any such direct sales. Use 
your invoice form by making entries 
in the material spaces only, bringing 
the amount down to the Total billed 
space. On your carbon copy, enter 
the cost of the goods to you and figure 
your profit. You understand, of 



course, that this profit is known as 
gross profit and should be high enough 
to cover all costs of selling and han- 
dling, and still leave you an actual, or 
net, profit. 

In the case of sale of a receiver, 
you will, in practically every case, be 
expected to make the installation. You 
really have to do this to make sure 
that you will have a satisfied cus- 
tomer. When making an installation, 

NAuvCrYIYV //4Vui4/- 
ADDRFaR Q 050 Ofaík 1.1i' 
SET MAEE 

/ Y 
SET: AC: DC: BATTERY: ARTO' ELIMINATOR 

Tuns 

work without charge reduces the mar- 
gin of profit on a receiver sale, and an 
accurate record of installation costs 
should be kept for your own guidance. 

The full value of this combination 
invoice or bill -and -job ticket form 
will only be brought out as you use 
it. Retail prices of radio parts, acces- 
sories, etc., are fixed within certain 
limits. Selling service and labor is a 
very different matter. This is perhaps 
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you may or may not find it advisable 
to make an installation charge. If an 
installation charge is justified, use the 
entire form the way that has already 
been explained just as if you were 
making a service call. Where there 
is no additional charge, you can show 
on your carbon copy the starting and 
stopping time, the cost of the time and 
overhead, and subtract their total 
from the gross profit. Installation 
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the simplest way to make sure you re- 
ceive a reasonable profit on your serv- 
icing ability. If you can service a re- 
ceiver twice as fast as the average 
technician and he charges $1 an hour, 
there is no reason why you shouldn't 
charge $2 per hour. Referring to the 
cost sheets on past jobs, you have a 
dependable method for estimating on 
future work, when you are requested 
to give a price. 



JOB CARD REGISTER 

This is a simple record we can keep 
in a convenient, unused portion of the 
blank book already purchased. Write 
in the heading, "Job Card Register," 
and head the individual columns, 
Date, Customer's Name, Job No., 
Cost, and Selling Price. (See Form 5.) 

Enter each day's job tickets, writ- 
ing down the date and customer's 
name. Then show whether the job is 
a cash job or a charge job. Fill in 
the job number, your cost, and the 
selling price in the proper columns. 

It is particularly important to show 
whether the job is cash or charged, 
since there is no profit until you get 
the money. If the job is for cash, 
make the necessary entries in the 
"Cash Receipts" section of your rec- 
ord book. Should the job be on a 
credit basis, get out your "Set Record 
and Accounts Receivable Card" (See 
Form 6.) From your Job Card, make 
the necessary entries in the columns 
"Job No.," "Date," and in ;he 

"Amount Column," this latter being 
the amount charged the customer. 
When the customer makes a payment 
on account, the payment must be en- 
tered in the Cash Receipts Register, 
and the date of the payment and its 
amount entered on this card. If you 
wish your record of Customer's Sets 
to be complete, cash jobs could be 
entered on this card, writing the word 
"cash" in the payment column. 

You should have a box or file in 
which to keep your "Set Record and 
Accounts Receivable Cards" on which 
there are unpaid balances; these cards 
should not be removed or put in the 
general file until the accounts have 
been paid in full. 

Adding the balances due, as shown 
by the cards in the unpaid file, you 
will get the amount owed to you from 
your customers at any time. When 
an account is paid in full, you with- 
draw the card from the unpaid file 
and file it with other record cards in 
the general file. 

14 



Profit or Loss 
Once a month, when figuring your 

accounts and checking your work, you 
will by all means want to determine 
the amount of your profit for the 
month. We will assume that your 
figures are correct and that you have 
been careful in figuring your over- 
head. In this particular case, we will 
assume that you have actually worked 
one hundred hours and that for every 
hour you have worked, you have ac- 
tually charged the 60 -cent overhead 
so that your total overhead of $60 has 
been distributed over work done and 
accounted for. 

Now add up the cost column and 
the selling price column in your job 
register, subtracting the first total 
from the second total. The result is 
your profit for the month. 

Add to this figure the total labor 
allowance you have given yourself on 
your job tickets, and you will have the 
total of your earnings for the month. 
You must bear in mind that the dif- 
ference between the cost column total 
and the selling price total represents 
the profit over and above your labor. 
If you have paid a helper, his cost to 
you is already included in your job 
cost figures so no adjustment is nec- 
essary and the method just described 
enables you to arrive at your profit 
immediately. 

It is desirable to be able to check 
or prove the correctness of this profit 
figure. To do this, list all the values 
owned at the beginning of the month 
and right beside them list these values 
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as they are at the end of the month. 
For illustration, assume that the cash 
on hand at the beginning of the month 
was $110 and at the end of the month 
$260. The actual cash value of parts 
on hand at the beginning of the month 
was $60, at the end of the month $70. 
List these as shown in Form 7. 

After these two columns, head up 
two more columns, the first one being 
marked "Decrease" and the second, 
"Increase." Subtract your value at 
the beginning of the month from your 
value at the end of the month and 
enter the difference under the word 
"Increase." (If the value at the end 
of the month is lower than at the be- 
ginning of the month, subtract the 
other way and enter the result under 
the heading "Decrease.") When you 
are through, the difference between 
the total decrease and the total in- 
crease will show whether your net 
value for the month has increased or 
decreased, and to what extent. 

Now put down the total of all un- 
paid vouchers at the beginning of the 
month and the total at the end of the 
month. If what you owe has in- 
creased, deduct the amount of this in- 
crease from the amount of the in- 
crease in values owned to ascertain 
your profit. If what you owe has 
decreased, add the amount of this de- 
crease to the amount of your increase 
in values owned, to arrive at your 
profit. If your values OWNED have 
decreased and your values owed have 
increased, add to get your loss. 



From the increase in values owned, 
which is $145 in the illustration, sub- 
tract the increase in values owed, 
which is $10, and the profit is found 
to be $135. Let us assume you have 

$100 of your own money into the 
business. In this case your profit 
would be $100 less, and your final 
profit for the month is $185. 

We would recommend that you set 

FORM 7 

Beginning End 
Owned Month Month 

Cash $110.00 $260.00 
Parts On hand 60.00 70.00 
Auto (Depreciated Value) 220.00 210.00 
Analyzers, testers, etc. 60.00 55.00 

Decrease Increase 
$150.00 

10.00 
$10.00 

5.00 

$450.00 $595.00 $15.00 

Less decrease in value 

Net increase in values owned 

Owed 
Accounts Payable $70.00 

$160.00 

15.00 

$145.00 

$80.00 $10.00 

Increase in values owned $145.00 
Increase in values owed 10.00 

Profit for month 
Add withdrawals 

Earned 

Earned 
Contribution (incl. in cash 

hand) 

$135.00 
150.00 

$285.00 

$285.00 
on 

100.00 

Actual earning $185.00 

Foam 7 

withdrawn for your personal expenses, 
$150. Add this to your profit of $135 
and you find your total earnings for 
the month have been $285. Let us 
assume, however, that during the 
month you have put an additional 
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up theoretical combinations of figures 
and, with a pencil and paper, figure 
out these combinations until you thor- 
oughly understand this procedure. 

Now this profit should be the same 
in amount as the profit shown on your 



job register, added to your personal 
labor allowance and less your personal 
withdrawals. If it is not, get out your 
job tickets for the month, take a sheet 
of paper, and draw columns. Then, 
list the cost and selling pi -tees of ma- 
terial, the amounts you have allowed 
for overhead, the amounts you have 
allowed for labor, the estimated prof- 
its, and the charges for labor. Add 
your lists, study them, and check 
carefully. You should find it easy to 
determine where profits were made 
and where losses occurred. You 
should be able to tell readily whether 
or not you are charging too little or 
too much for your services. Careful 
and intelligent use of this system will 
keep you informed as to where you 

are heading financially and help you 
to build a sound, well -managed bus- 
iness. 

Bear in mind that this system has 
been simplified for your convenience 
and to save you time. It is possibly 
not the most exact system, and we 
have omitted records that you would 
find in a system of "bookkeeping," 
but it is probably the most practical 
that could be devised. Just a few 
minutes each day and a few hours 
once a month, plus a little study and 
thought, will enable you to advance 
from being just a serviceman to being 
a businessman. As your success in- 
creases, you will want to go deeper 
into the accounting side of your busi- 
ness. 

Large Store Accounting 
The simple system of record -keep- 

ing and accounting described for a 

small service and merchandising busi- 
ness should give you a good check on 
your costs and earnings while your 
business is small, consisting perhaps 
of a clerk, a serviceman, and your- 
self. As you diligently apply your- 
self to building up your business, the 
time will come when you will have a 

larger store, employ several service- 
men, operate one or more sound 
trucks, install light -control devices. 
If you branch out into the sale of 
refrigerators, electrical appliances, 
phonograph combinations, you will 

also hire salesmen and special service- 
men. 

A successful business can be estab- 
lished only by close study of busi- 
ness records. If you borrow money 
from the bank, you will have to render 
standard business reports. In order 
to prove that the taxes you pay are 
correct, you will need adequate ac- 
counting records. If you want to 
know whether certain lines are more 
profitable than others, only records 
and not opinions can give you the 
proper information. 

The installation of a complete 
bookkeeping system to give the above 
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facts is a job for a public accountant. 
Have one install a system for you. 
Keeping the books is a job for a book- 
keeper. Be sure you hire one that is 
capable. The time to do this is when 
you start to grow and feel that you 
can afford a bookkeeper. If you get 
the information you want and use it 
intelligently, the bookkeeper's salary 
will be earned many times over. 

Because installing and keeping an 
accounting system is a job for a 
specialist, it would be impossible to 
tell you all about it in a few pages. 
But every radioman who plans to be- 
come a radio merchant should know 
something about his bookkeeping 
system, what it contains, what it can 
do for him, and, in general, how it 
works. What are the essential fea- 
tures of an accounting system for a 
large store? 

ESSENTIALS 

The purposes of all accounting and 
bookkeeping are to arrive at two main 
objectives. These objectives are rep- 
resented in two statements known as 
the "Balance Sheet" and the "Profit 
and Loss Statement"-the first repre- 
senting the static position of the 
business, and the second the "action" 
of the business. In other words, the 
Balance Sheet shows you exactly 
what the business is worth at a stated 
time, while the Profit and Loss State- 
ment sets out the causes of changes 
in the worth of the business during a 
particular period. A Balance Sheet 
at the beginning of the year may show 
your worth to be $2,500, while a 
Balance Sheet at the end of the year 
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shows your worth to be $3,600. As 
demonstrated previously, you have 
an increase of $1,100, but from the 
balance sheets you do not know why, 
and if you know why you would be 
better able to increase this earning to 
$1,500. This cause of increase is 
shown in the Profit and Loss State- 
ment, and, for purposes of manage- 
ment, it is the most important of all 
statements. 

The preparation of these statements 
can be most conveniently made if your 
books are kept on the double entry 
method. This means that theoret- 
ically there are two entries for every 
transaction. We say theoretically, be- 
cause in no modern bookkeeping will 
you find two actual entries. For ex- 
ample, suppose you make three hun- 
dred sales in a month on credit; you 
would not make six hundred entries. 
You would make three hundred en- 
tries on one side of the ledger and 
perhaps only one on the other side. 
Now what do we mean by sides of a 
ledger? 

THE LEDGER 

You must know what a ledger is. 
In double entry bookkeeping, the 
ledger is the book of final entry. All 
the facts of your business finally find 
their way into this book in condensed 
form. A page is headed up with a 
title that tells you just what kind of 
information is shown on that partic- 
ular page. Look at Form 8, an illus- 
tration of a sample ledger page 
(there are other rulings, but this one 
is the oldest and serves our purposes 
better), and you will get an idea of 
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what a ledger is and its purposes. 
Also, consult definitions at the end 

of the book for a better understand- 
ing of the ledger. 

In order to develop the idea of the 
ledger, let us assume now that you 
have one enormous sheet on which 
you make all entries. This sheet is 

divided in half: the left half (or side) 
is called the Debit side, and the right 
side is called the Credit side. Every 
transaction that occurs in your busi- 
ness will affect an account listed in 
Forms 9 and 10. Since the two sides 
must be kept in balance, put every 
transaction in one of the classes shown 
on the debit or credit side of our 
illustration; then the balancing entry 
will be classified under one of the 
headings on the other side. 

Now refer to lower section of Form 
8 and you should understand the ef- 
fect of every entry made to the debit 
and credit sides of this large sheet. 

Suppose we sold a radio set that 
cost $20.00 for $30.00 cash. We 
would increase the asset (1)* cash 
$30.00 by making a debit entry. We 
could decrease the asset (2) stock in 
trade, radios, by $20.00 and could 
show a profit (8) of $10.00 by making 
two credit entries on the credit side. 
However, in practice we do not make 
the two credit entries at this time be- 
cause the two entries would not give 
the exact information desired for mak- 
ing up your profit and loss statement. 
Instead, we credit sales (16) with 
$30.00. Remember every sale should 
have three elements, the element of 

'Refers to items on lower part of Form 8. 

cost and the element of profit, on the 
credit side; and the asset element 
(cash, accounts receivable, or notes 
receivable) on the debit side. The 
same theory and practice applies when 
you pay your rent. You debit an 
expense account (5); and you credit 
an asset account (2). It is not so 

hard to understand, if you analyze 
each entry to determine its effect. 
As you record a debit or a credit on 

this large sheet, you would key this 
entry with the key number shown in 
Forms 9 or 10 which identifies the 
type and account. 

JOURNAL 

We will leave the ledger for the 
moment and introduce you to the 
journal. In modern accounting, the 
journal is of relatively little use. 
Due to labor-saving methods it is 

used only for extraordinary entries, 
for adjustments and corrections. We 
introduce it at this point because it 
ties in with the development of the 
ledger. Remember, we suggested that 
all entries might be made on one 
ledger sheet. Now let us move the 
debit column on the ledger sheet over 
beside the credit column, and you 
have the same old ruling as shown in 
Forms 1 and 2. We have a journal 
instead of a ledger. The two transac- 
tions would appear as follows: 

Dr. Cr. 
Cash 30.00 

Sales 30.00 
(Sale of one radio set, cost 20.00) 
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Rental Expense 25.00 
Cash 25.00 

(Rent on store paid for January) 



Now a journal kept in this manner 
would be of no benefit to us in deter- 
mining our financial position quickly, 
so we make up an individual ledger 
sheet for every kind of asset, liability, 
or expense necessary to make up our 
Balance Sheet and Profit and Loss 
Statement. 

In theory, we make every entry in 
the journal as shown, then we transfer 
(post) the individual items to the 

proper sheet in the ledger by making 
entries on the ledger sheet on the 
debit or credit sides exactly as they 
appear in the journal. 

CLASSIFICATION OF ACCOUNTS 

To get the best results from your 
accounting, you must determine ex- 
actly the information desired, and 
then you must accumulate the in- 
formation in an orderly manner. To 
accomplish this end, you must make 
a survey of the business and deter- 
mine what is necessary. The accounts 
in the ledger should be arranged as 
nearly as possible in Balance Sheet 
and Profit -and -Loss order to facil- 
itate the taking off of these state- 
ments. To help you in this we give 
you a chart of accounts, Form 9, pre- 
pared by the Charles R. Hadley Com- 
pany and printed with their permis- 
sion. You should note that each item 
having a number represents a ledger 
sheet, and note particularly the ar- 
rangement of the accounts.. This is 
a very excellent and complete chart 
of ledger accounts. 

Form 10 is a condensed form of a 
Chart of Ledger Accounts, which we 
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can recommend for a small or medium 
business. 

CASH BOOK 

In your ledger, you have an ac- 
count with cash. You will find that 
you are making numerous entries to 
this account, and probably the work 
involved in doing this posting will 
become burdensome. There is a 
simple way to get around this. Use 
a special book for making cash en- 
tries; both incoming and outgoing 
cash. We still follow the rules that 
all cash be deposited and that you 
pay only by check. Use a journal - 
ruled book like that shown in Form 
1. Open the book and head up the 
left-hand page, "Cash Receipts," 
and the page directly opposite, 
"Payments." You now see what 
we have done-we have lifted the 
cash page out of the ledger. All 
cash received is entered in detail on 
the left page, together with the de- 
posits. (Of course, the amount re- 
ceived and the deposits should bal- 
ance.) Also, all checks issued are 
entered in detail on the right page. 
Find the difference between the totals 
of the two sides each month. This 
difference, added to the balance at 
the beginning of the month if there 
is a debit balance, or subtracted from 
the balance at the beginning of the 
month if there is a credit balance, will 
give you the balance in the bank. 
You may post the totals of the pages 
at the end of the month to a cash 
account in the ledger, but this is not 
necessary. For detailed handling of 
this work, you should consult your 
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FORM 10 

CHART OF LEDGER ACCOUNTS 
Recommended for a Small or Medium Business 

BALANCE SHEET ITEMS 

ASSETS: LIABILITIES: 
1. Current Assets. 31. Notes Payable & Finance 

11 Cash in Bank Co. 
12 Petty Cash 32. Vouchers Payable 
13 Accounts Receivable 
14 Inventories CAPITAL: 

141 New Radios 41. Investment 
142 Used Radios 42. Drawing Account 
143 Tubes 43. Profit and Loss 
144 Parts & Accessories 
145 Misc. for Sale 

15 Tools and Shop Supplies 
2. Fixed Assets. 

21 Furniture & Fixtures 
211 Allowance for De- 

preciation F & F 
22 Analyzers, Testers, etc. 

221 Allowance for De- 
preciation 22 

23 Automobiles 
231 Allowance for De- 

preciation Autos 

PROFIT AND LOSS ITEMS 
5. Purchases for Sale 

51. New Radios 
52. Used Radios 
53. Tubes 
54. Parts and Accessories 
55. Misc. for Sale 

8. Operating Expense. (Control) 
Distribution Columns for 
81. Salaries 
82. Service Labor 
83. Tool Expense 
84. Shop Supplies 
85. Rent 
86. Taxes 
87. Heat, Light, Telephone 
88. Depreciation 
89. Sales and Advertising 
90. Office Supplies 
91. Automobile Expense 
92. Miscellaneous Expense 

6. Sales 
61. New Radios 
62. Used Radios 
63. Tubes 
64. Parts and Accessories 
65. Misc. Sales Items 

7. Sales of Service 
71. Service Labor 
72. Overhead 
73. Estimated Profit 

10. Miscellaneous Income & Losses 
101. Commissions Earned 
102. Commissions Paid 
103. Interest Received 
104. Interest Paid 
105. Discounts for Cash 
109. Bad Debts 
110. Misc. Income and Loss 

FORM 10 
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accountant. This much is given you 
to show the development of many 
other books used in accounting and 
that, in many cases, these books are 
simply ledger accounts removed from 
the ledger. 

You must understand that the de- 
tail as to the keeping of records show- 
ing who owes you money and how 
much, and to whom you owe money 
and how much, would be used in the 
double entry method, exactly as ex- 
plained in the section considering a 
simple accounting system. Double en- 
try is simply an elaboration of the 
method; you would still have the 
Cash Receipts Register, the Voucher 
Register and file, the Accounts Re- 
ceivable Cards and the Job Card Reg- 
ister which would be the same as the 
Sales Record. 

From what has been said up to this 
point, we may now summarize the es- 
sential features of a double entry 
bookkeeping system. With the cash 
book, the voucher register, the job 
card register or their equivalent we 
have what are referred to in account- 
ing as the books of original entry. 
This, of course, does not entirely elim- 
inate the journal which is used (as 

we have said) merely for the record- 
ing of extraordinary entries, such as 
correcting errors in your accounting 
and closing the books at the end of 
an accounting period. From the totals 
of the columns in the books of origi- 
nal entry, postings are made to spe- 
cific accounts in the general ledger 
at the end of the accounting period 
and these, in turn, serve to give in- 
formation for the setting up of the 
Balance Sheet and the Profit and Loss 
Statement. 

In the first section of this text we 
have outlined a simple method of ac- 
counting for your guidance, believing 
that if you use this system you will 
have sufficient knowledge to guide you 
to success in your undertaking. The 
section under Large Store Accounting 
is necessarily sketchy and is written 
only for the purpose of giving you an 
over-all knowledge of what to expect 
in an accounting system. We have 
given you the bare essentials and the 
many other books and records that 
are used are for the purpose of giving 
more detailed information and they 
all tie in with some account in the 
General Ledger. 
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Definitions 

Realizing the difficulties met by the 
beginner in business in the under- 
standing of accounting terms, we have 
listed a few of them, each with a brief 
definition. An understanding of each 
meaning will aid you in the operation 
of your business and in discussions 
with your banker and your ac- 
countant. 

Account. As we understand it, an 
account is a detailed statement found 
in the Ledger. It has a heading 
which shows the name of the asset, 
liability, income, or expense to which 
the items therein pertain. There is a 
column for charges and a column for 
credits, and a column for the differ- 
ence or balance. There is a space for 
date, and space for such detail or ex- 
planation as you wish to enter. Ac- 
counts can be generally classified as: 
Asset Accounts, which record values 
owned; Liability Accounts, recording 
values owed; Capital Accounts, which 
represent investment in the business, 
plus or less, profits or losses. Income 
Accounts, for our purposes, show the 
amount and source of income, while 
the Expense Accounts show the detail 
of the costs of doing business, includ- 
ing the cost of goods sold. 

Asset. An asset is something of 
value, owned. Fixed assets are those 
assets used for business purposes and 
have a determined value. They re- 
main in the business, and are not 
bought and sold in the regular order 
of business. Current assets, are those 
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that are coming in and going out. 
They are constantly increasing or de- 
creasing due to regular operation of 
the business. 

Audit. To audit means to verify 
the accuracy of the books of account. 
Also, to check a bill for its accuracy 
as to prices, goods, and calculations 
is to audit a bill. 

Balance. A balance is the excess 
of the sum of the column on one side 
of an account over the sum of the col- 
umn on the other side. If the debit 
or left-hand column has the larger 
total, the balance will be a debit bal- 
ance; if the credit or right-hand col- 
umn is the larger, it will be a credit 
balance. 

Balance Sheet. A balance sheet 
is an orderly arrangement of assets, 
classified as to kinds, balanced against 
an orderly listing of liabilities plus 
capital. It shows the relation be- 
tween different kinds of assets and be- 
tween assets and liabilities. It shows 
proprietorship or net worth as repre- 
sented by the difference in assets and 
liabilities. 

Budget. A budget is a forecast of 
income, against which an estimated 
allotment of expenditure is made. 

Capital. Your capital is your in- 
vestment or equity in the business. 
It is the excess of assets over liabili- 
ties; or, if there are no liabilities, the 
total of the assets invested. As a mat- 
ter of good business and good book- 
keeping, do not contribute funds to 



the business or take funds out of the 
business without charging or credit- 
ing the Capital Account. 

Consignment. A consignment is a 
shipment of goods to a person, known 
as the consignee, to be held or sold 
for the benefit of the shipper, who is 
the consignor. Ownership and all 
rights in the goods remain in the 
consignor. 

Depreciation. Depreciation is an 
estimated decline in the value of as- 
sets, due to the wear and tear of use 
and the ravages of time. It repre- 
sents the difference between the cost 
and the scrap value of the asset, this 
value being divided by the time inter- 
vening between the date of purchase 
and the probable date of scrapping or 
other disposition. The time may be 
measured in months or years as suits 
the necessities of the accounting sys- 
tem. In our illustrated accounting, we 
take our old car into the business at 
a value of $160.00 on January 1. On 
December 1 its trade-in value would 
be $50.00. The depreciation will be 
$110.00. We know we will use the 
car eleven months so the depreciation 
will be $10.00 a month. 

Discount. Discount is a deduction 
from a listed figure or cost, and it may 
be a Cash Discount, which is an al- 
lowance of usually one or two per 
cent of the bill for prompt payment, 
or it may be a Trade Discount, which 
is a percentage reduction from a fixed 
or quoted price on a radio set or on 
standard parts. 

Entry. An entry, for our purpose, 
is the recording of a fact in any of 

the books in our bookkeeping illus- 
tration. 

Expense. An expense, briefly, is 
any expenditure of funds or other as- 
sets necessary to the carrying on of 
the business, excluding of course the 
substitution of assets for assets, as 
would occur in the purchase of goods 
for sale. Rent and labor are ex- 
penses. The exchange of cash or our 
credit for radios is not an expense, but 
an exchange of one kind of asset for 
another asset. 

Expenses in a servicing business are 
Direct Expenses, that is, those that 
can be charged directly to a particu- 
lar job; labor is one example. Indi- 
rect Expenses are those that must be 
estimated or allocated to many jobs. 
See definition of Overhead. 
.Income. Income is that value 

which comes into the business in ex- 
change for goods and services. Gross 
Operating Income includes total reve- 
nue, while Net Operating Income is 
Gross Operating Revenue less costs 
of operations. Non -Operating Income 
is that derived from sources other 
than operation. Interest on savings 
deposits would be non -operating reve- 
nue. 

Insolvency. Insolvency is inability 
to pay debts, due frequently to in- 
ability to convert assets readily into 
cash. Bankruptcy is an excess of lia- 
bilities over assets, which makes it 
impossible for the person to meet his 
obligations under any circumstances. 

Inventory. An inventory is an 

itemized list of goods or other assets 
which shows a number of items, cost 
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or selling price per item, and total 
value. You may inventory the ac- 
counts of your customers cr you may 
inventory your liabilities, c.r furniture 
and fixtures. 

Liability. A liability is a debt. It 
may be current, such as amounts that 
are due for rent, merchandise pur- 
chased; or it may be accrued, such as 
salaries to employees earned but not 
paid or due. There can be fixed lia- 
bilities, such as mortgages. 

Obsolescence. Obsolescence is that 
loss in value not due to wear and 
use, but due to new inventions of tools 
or machinery which makes the use of 
the old unprofitable. 

Overhead. Overhead is that cost 
of production or of doing business that 
cannot be definitely applied to a par- 
ticular activity, and must be dis- 
tributed to various jobs on a more or 
less arbitrary basis. For instance, in 
servicing, your tools suffer obsoles- 
cence and depreciation; you use sol- 
der; and your car uses gas; and the 
tires wear out. You must pay rent. 
You advertise. All these items amount 
to quite a sum of money in a month, 
but are too indeterminate to be 
charged directly to each job. To take 
care of the situation, we arbitrarily 
add to the cost sheet on each job an 
amount estimated to cover (totaling 
amounts added to all job sheets) the 
total of these expenses for a given 
period. There are many ways of 
charging overhead, but the most satis- 
factory way for you in the service 
business is to charge it to each job as 
a fixed percentage of the actual labor 

cost.* The total overhead charged on 
jobs for a period may be checked 
against the actual expenditure for 
miscellaneous indirect items for the 
period and the percentage or rate ad- 
justed up or down, to more equitably 
distribute the costs on future work. 

Petty Cash. Petty Cash is a small 
sum set aside for the payment of small 
expense items where it is inexpedient 
to draw a check. In the books of ac- 
count, the petty cash fund is a fixed 
amount as long as it is in existence. 
Checks are drawn at necessary times 
to replenish the fund, which brings 
it back to the original amount. The 
slips or vouchers representing pay- 
ments are classified and the check is 
charged to the various accounts af- 
fected. 

Posting. Posting .s the transfer of 
items from books of original entry to 
the Ledger. 

Profit. Profit is the increase in 
net worth or capital from the begin- 
ning of a period to the end of a period. 
Gross profit is the excess of selling 
price over the cost of goods sold. Net 
Profit is the Gross Profit less all costs 
of selling and all other costs of doing 
business. 

Trial Balance. A trial balance is 
a list of balances of all ledger ac- 
counts. The balances listed in col- 
umns of debits and credits should 
total the same. 
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* In the merchandising of radio and elec- 
tric appliances, the selling price is set for 
you. In this case, it becomes the problem 
of the merchant to keep his overhead and 
direct expenses below a value that will as- 
sure him a reasonable profit, or give up the 
unprofitable line. 



 

Turnover. Now we come to turn- 
over. This is one of the vital factors 
in the operation of your business. 
Turnover in its simplest meaning is 
the number of times that you can use 
a capital asset in a given period or the 
number of times that assets renew 
themselves in a given period. For in- 
stance, on the first of January you 
buy for sale a receiver for $100.00; 
you sell it for $167.00, and you do the 
same every month of the year. At the 
end of the year your cost of receivers 
sold would be $1,200.00. Your invest- 
ment is $100.00, your rate of turn- 
over is 12, and your gross profit is 
$804.00. Had you bought and sold 
only two radios a year, your rate of 
turnover would have been 2, your in- 
vestment still $100.00, and your gross 
profit $134.00. It is obvious that the 
higher the turnover figure the greater 
will be your gross profit. 

Where the selling price is not set by 
the producer of the product you sell 
and your turnover is high, you may 
figure a small profit on each sale and 
make just as much gross profit as you 
would if you had a small turnover 
figure and had added, to your cost of 

goods sold, a high profit. 
Substitute the amount that you have 

invested for the hundred dollars and 
divide this into your cost of sales for 
a year to get your capital turnover. 

What is your turnover in accounts 
receivable, or how well are your cus- 
tomers paying? Are they taking too 
much time, or are you extending too 
much credit? Suppose your sales 
average $30.00 a day. When you bal- 
ance your books, you find you have 
accumulated outstanding accounts of 
$1,350.00. This shows your accounts 
receivable to be an average of 45 
days' sales. In other words, you are 
granting 45 -day terms of credit, 
while you think your selling terms are 
30 days. You will have to speed up 
collections to pay your own bills in 
thirty days. 

Voucher. A voucher is any bill, 
invoice, memorandum or evidence of 
expenditure of funds or evidence of 
liability to pay out money. There 
should be present such proofs of cor- 
rectness or evidence of payment as to 
make it of itself sufficient proof to be 
acceptable by anyone as a proper ex- 
penditure. 
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Every businessman expects a certain number of 
complaints in spite of his best efforts to please his 
customers. Some complaints are justified; it is 
human to make mistakes. Others are the result of 
misunderstandings, while a few are not justified 
at all. 

You cannot avoid having some "call-backs," but 
your handling of these calls will have much to do 
with your customer good -will and your reputation. 

Be just as pleasant and courteous in handling 
complaints as possible. The customer is doing you a 

favor by complaining to you rather than telling his 
friends that you cannot fix his set! 

Even when the complaint is unjustified, it is fre- 
quently better to repair the set at no charge than to 
try to convince the customer that the new trouble is 
not related to your original repair. 

Follow the practice of most businesses-charge 
these jobs to your overhead expense. Thus, by add- 
ing a small amount to the cost of each job, you can 
afford to handle these call-backs-you'll be keeping 
your customer good -will at no loss! 
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IN THE SOUND section of a TV 
system, a microphone changes the 

sound into electrical signals that vary 
in amplitude. These signals are then 
changed into frequency variations 
(FM) and are sent out on the TV 
sound carrier. In the receiver, the 
discriminator -type second detector 
changes the frequency variations into 
amplitude variations, and after ampli- 
fication, the loudspeaker changes them 
back to the original sound that was 
picked up by the microphone. This 
portion of a TV system is just like 
that of a standard radio system. 

Let us now compare the operation of 
the video section of a television system 
with that of the sound section. In the 
upper left corner of Fig. 1 is shown an 
artist whose picture is to be trans- 
mitted. The light that is reflected 
from her face is collected by the lens 
system and focused on the plate of the 
television camera tube. This plate is 
covered with a mosaic composed of an 
innumerable quantity of minute pho- 
toelectric cells. The camera tube also 
has an electron gun similar to that 
used in a standard picture tube. The 
scanning, in this case, is accomplished 
by deflecting the electron beam elec- 
tromagnetically by means of the coils 
around the neck of the tube. These 
coils are fed with signals that cause 

the point of impact of the electron 
beam to move across the mosaic in 
approximately a horizontal line at a 
uniform speed, then fly back and scan 
another line, and so on until the entire 
mosiac has been scanned by 525 lines 
in the desired sequence. This complete 
scanning is repeated at a rate of 30 
times per second. As the electron beam 
sweeps over the mosaic, each element 
transfers its charge, which varies ac- 
cording to the illumination of that 
portion of the scene, to an amplifier. 
The resulting voltage pulses, called 
video signals, are amplified and com- 
bined with special signals for control- 
ling the timing of the camera -tube 
electron beam during the return time. 
The resulting composite signal is then 
used to modulate a high -frequency 
transmitter. 

In the TV receiver, the video pro- 
gram is treated like any other ampli- 
tude -modulated signal. It is amplified 
by the r.f. stage and then fed to the 
mixer stage where it is mixed with a 
signal from the local oscillator to pro- 
duce the i.f. signal frequency. The 
signal is then amplified by the i.f. 
stages, and is fed to the second detec- 
tor where the carrier is stripped from 
the composite video signal. The video 
signal is then amplified by the video 
amplifier which corresponds to the 



audio amplifier in a sound receiver. 
The TV video signal is then ready to 

be changed back into a scene. As you 
already know, this is accomplished by 
use of a picture tube. The application 
of the video voltage variations to the 
grid -cathode of the picture tube results 
in variations of the electron -beam in- 
tensity and causes corresponding vari- 
ations in the brightness of the spot 
that is formed on the screen of the 
picture tube. To duplicate the scene 
that caused the electrical variations 
on the camera -tube mosaic, these spot - 
brightness variations must occur at the 
right place on the screen. This is ac- 
complished by sweeping the electron 
beam across the face of the picture 
tube in step (synchronized) with the 
camera -tube beam. The sync signals 
that were separated from the video 
signals, are used to synchronize the 
horizontal and vertical sweeps of the 

OBSERVER 

LENS 
SYSTEM .. 

TV receiver with the horizontal and 
vertical sweeps of the camera tube. 

Now that you have a basic under- 
standing of all the TV stages and 
sections and their operation, you are 
ready to study them in greater detail. 
Let's start in this Lesson with a study 
of the picture tube, and learn how the 
electron beam is formed, how it is 
focused to a pin point on the fluores- 
cent screen, and how it is swept across 
the screen. Then you will have a full 
understanding of how the video signal 
is converted into a scene. 

Picture tubes are made in various 
sizes and types. However, all picture 
tubes are fundamentally the same, and 
every tube has the following basic 
elements : 

1. A source of electrons in the form 
of a cathode. 

2. A filament to heat the cathode 
so that it will emit electrons. 
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FIG. 1. Block diagram of the video portion of a television system. 
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3. A control grid to vary the num- 
ber of electrons passing through 
it. 

4. A means of concentrating the 
electrons leaving the cathode 
into a beam. 

5. A fluorescent coating on the 
screen that glows upon the im- 
pact of the electron beam. 

6. A means of focusing the electron 
beam into a small spot on the 
tube screen. 

7. A high -voltage anode to accel- 
erate the electrons in the beam. 

8. A means of deflecting the elec- 
tron beam in any desired di- 
rection. 

ELECTRON GUNS 

The electron gun is the complete 
electrode assembly ii picture tubes 
that produces and focuses a beam of 
electrons as a pin point on the viewing 
screen. Let's study its elements in 
order. 

Electron Emitter. In a picture 
tube, the source of electrons is a cath- 
ode that is heated by a filament that 
is electrically insulated from it. This 
filament is wound non -inductively so 
that no stray fields are produced by 
the alternating current flowing through 
the filament. 

Fig. 2 shows the arrangement of the 
elements in a typical electron emitter. 
A cap made of nickel is heated from 
the inside by the filament. The end 
of this cap is coated with a special 
chemical oxide mixture that emits 
electrons freely when it is heated. 
Since a thin pencil of electrons is de- 
sired, only the end of the nickel cap 
is coated with the oxide mixture. The 
electrons leave the cathode more or 
less at right angles to the surface, and 
consequently these electrons start trav- 
eling over paths essentially parallel 
to the principal axis of the picture 
tube. But electrons have negative 

charges and repel each other, so when 
they are emitted from the end of the 
cathode, if left to their own devices 
they would quickly spread out, and 
all beaming action would be lost. How 
this is avoided will be described 
shortly. 

Electron emission should take place 
in a vacuum for two important rea- 
sons. First, the absence of air particles 
in the vicinity of the cathode makes 
it easier for electrons to jump away 
from the cathode. Second, in a vac - 

OXIDE COATING I- PRINCIPAL AXIS OF 
PICTURE TUBE 

NICKEL CAP 

GLASS 

KH H 

FIG. 2. Arrangement of the elements in 
the electron emitter of a picture tube. 

uum the emitted electrons cannot 
create very many heavy positive ions 
that would be attracted to the cathode, 
bombard it, and destroy the coated 
emission surface. However, since no 
vacuum is perfect, some ions are cre- 
ated, and the negative ones join with 
the electrons in the beam. As you will 
learn later, a special means is neces- 
sary to prevent these negative ions 
from striking the screen and burning 
the fluorescent material. 

A mixture of about 40% barium - 

oxide and 60% strontium oxide on the 
cathode surface has been found to give 
far better electron emission than either 
one of the oxides alone. A mixture 
such as this emits electrons generously 
at relatively low temperatures, begin- 
ning at about 850 degrees Centigrade. 
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FIG. 3. The electron beam is correctly focused when it crosses over at the point where 
it strikes the screen. 

As a rule, the oxide coating is sprayed 
on the end of the cathode in the form 
of a liquid. While the picture tube is 
being evacuated, an intense heat is 
applied to .the cathode (usually by in- 
ducing strong eddy currents in the 
nickel cap), changing the sprayed -on 
materials to the desired active oxides. 

Other Gun Elements. As stated 
previously, the electrons leaving the 
end of the cathode will, due to their 
repelling action on each other, tend 
to spread out so that they will not 
reach the screen as a small compact 
beam. To avoid this, specially -con- 
structed electrodes are used to ac- 
celerate the electrons to a high speed 
so that they will not have time to 
spread out. Even so, a spot the size 
of the coated portion of the cathode 
would be entirely too large, therefore 
the beam must be reduced to a very 
small diameter at the point of impact 
on the screen. Since the electrons are 
leaving all parts of the cathode in a 
more or less straight line, it is possible 
to make these individual lines cross 
over one another by varying the elec- 
trode voltages or by the use of a 
magnetic field. Just how this is ac- 
complished will be described later. 

Fig. 3A shows that as the electrons 
cross over, the beam becomes a fine 
pin point and, if properly focused, 
this crossover can be made to occur 
just where the beam strikes the screen. 

Figs. 3B and 3C show what happens if 
the beam is improperly focused. If 
the crossover occurs too soon or too 
late, the spot will be a large circle 
on the screen instead of the desired 
pin point, the details will be lost, and 
the picture will be blurred. 

Not only is it necessary to focus 
the spot on the screen, but also the 
number of electrons in the stream must 
be controlled by the video signal in 
order to vary the brilliancy of the 
spot. An element called the "control 
grid" is used for this purpose. This 
element is entirely different in ap- 
pearance from the tube grid with 
which you are familiar and operates on 
a somewhat different principle. This 
difference is based upon the behavior 
of an electron in an electrostatic field, 
as we will show. 

By making use of the electronic -op- 
tic principle of electrostatic focusing, 
it is possible to bundle these emitted 
electrons into a small -diameter stream, 
and make them form a small brilliant 
spot on the screen that will vary in 
brightness with the applied video sig- 
nal. Only the cathode-ray tube de- 
signer is interested in the actual shapes 
of the electrodes, their arrangement, 
and the voltages applied to each. 
However, the serviceman who under- 
stands the problems of cathode-ray 
tube design, and knows how the de- 
sired effects are accomplished, is in a 
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better position to service, install, and 
adjust cathode-ray tube equipment. 

EQUIPOTENTIAL LINES 

The underlying principles of elec- 
tronic optics are not difficult to under- 
stand. An electron is always attracted 
to a positively charged electrode; it 
is the path that the electron takes in 
getting there that requires study. You 
know that electric lines of force exist 
between any two differently charged 
bodies, such as between the emitter 
(source of electrons) and the anode of 
a cathode-ray tube; it is along these 
lines of force that electrons travel. 
It is easier, however, to predict how 
electrons will move by referring to 
what are called equipotential surfaces, 
for these are simpler to locate in 
actual practice than electric lines of 
force, and electrons moving from one 
equipotential surface to another al- 
ways behave in a definite manner. 
The first electronic -optics principle to 
be studied is the relation between 
electric lines of force and equipotential 
surfaces. 

a 
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e 
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o' b' c' d OF FORCE 

ELECTRON 

FIG. 4. Cross-sectional view showing elec- 
tric lines of force and equipotential lines 

between two charged parallel plates. 

EQUIPOTENTIAL 
LINES 

Fig. 4 represents a cross-sectional 
view of two parallel metallic surfaces, 
with surface 2 positively charged with 
respect to surface 1 (which can be a 
cathode). Electrons are urged from 1 

to 2 along lines a, b, c, etc., which 
represent electric lines of force. An 
electron moving from surface 1 to 

surface 2 starts from rest (zero speed) 
at surface 1, gaining speed as it moves. 
All along the path it gains energy, 
because the energy of a moving body 
of constant mass increases with its 

ANODE (+) 

CATHODE (-) 

EQUIPOTENTIAL 
LINES 

RADIAL ELECTRIC 
LINES OF FORCE 

FIG. 5. Cross-sectional view showing elec- 
tric lines of force and equipotential lines 

between two charged coaxial cylinders. 

speed. Other electrons starting from 
rest at various points on plate 1 gain 
speed at the same rate, so that all 
electrons moving between the plates 
possess the same energy at any given 
distance from plate 1. We can indi- 
cate this on Fig. 4 by putting in lines 
a', b', c', and d', drawn at right angles 
to the electric lines of force. These 
lines represent positions of equal po- 
tential or energy level, and are called 
equipotential lines or surfaces. (Equi - 
potential lines on a cross-sectional 
view actually represent equipotential 
surfaces, just as the heavy lines 1 and 
2 in Fig. 4 represent plates.) 

Fig. 5 illustrates the electric lines of 
force (radial) and equipotential lines 
(concentric) as you will find them in 
a simple electronic tube having a 
cylindrical cathode inside a cylindrical 
plate. Although the drawing gives 
only one cross-sectional view of the 
tube, all other cross sections are alike. 
Electrons going from the cathode to 
the anode will travel along the electric 
lines of force, and will therefore move 
at right angles to the equipotential 
lines shown. 
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A free electron that is traveling 
along the path of an electric line of 
force between two bodies in the direc- 
tion of increasing potential (toward 
the highest positive body) will gain 
velocity. A gain in velocity is the 
same as a gain in potential, for this 
is the way of assigning a definite 
velocity to the electron. Since the 
electron has mass, it is also gaining 
energy as it travels along the path in 
the direction of increasing potential 
(a rock traveling down to earth from 
a height of twenty feet will have far 
more energy at the bottom of its fall 
than would a rock dropped from a 
height of five feet.) This means that 
when an electron travels through an 
electric field in a direction of increas- 
ing potential, it will receive energy 
(or potential, or velocity, as you pre- 
fer) from the electric field. 

An electron traveling in a direction 
of decreasing potential (toward the 
lower potential body) will be retarded, 
and will lose some of its energy, po- 
tential, or velocity. An electron mov- 
ing along an equipotential line will 
neither gain nor lose velocity, energy, 
or potential. 

An equipotential line passes through 
all points having the same potential. 
Any number of equipotential lines, 
each corresponding to a different po- 
tential, can be drawn between two 
charged bodies; some will have low 
potentials and some will have high 
potentials. When an electron moves 
from a low equipotential line to a high 
equipotential line, its velocity is in- 
creased. An electron moving from a 
high to a low equipotential line will 
lose velocity. 

An electron traveling at right angles 
to equipotential lines is speeded up or 
retarded, as the case may be, but is not 
diverted from its straight path of 
travel. Only when an electron is trav- 
eling through an electric field at an 

angle other than 90° to the equi - 
potential line is its direction, as well 
as its velocity changed. This change 
in the direction of travel of an electron 
merits further study, for it is the 
fundamental action of electrostatic 
focusing systems in picture tubes. 

Equipotential lines are straight and 
parallel only when the charged bodies 
are two large, parallel, metal plates; 
the lines are then parallel to the flat 
plates. In all other cases, equipotential 
lines will be curved. In picture tubes, 
we deal almost entirely with curved 
equipotential lines. 

Let us consider first the condition 
shown in Fig. 6A, where electron "e" 
is traveling at an angle to the princi- 
pal axis of a picture tube and is pass- 
ing from a low. potential region to a 
high potential region. The change in 
potential along the path of the electron 
is actually quite gradual, there being 
no definite boundary for a region, but 
we can simplify our study greatly by 
assuming that the curved equipoten- 
tial line shown here represents the 
boundary between regions of different 
potential. The results obtained with 
this assumption will be sufficiently ac- 
curate for our purposes. 

In the low -potential region in Fig. 
6A, electron e has velocity P1, that 
may be broken up into two com- 
ponents PT1, tangential to the equipo- 
tential line and Pp, perpendicular to 
the equipotential line. 

The tangential velocity component 
PT1 remains unchanged as the electron 
moves from a low- to a high -potential 
region, for this component represents 
motion along the equipotential line. 
The velocity component that is per- 
pendicular to the equipotential line in- 
creases as the electron crosses this line, 
so that the velocity that is perpendi- 
cular to the line in the high -potential 
region is Pp2. Combining the two velo- 
city components again after the elec- 
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the diagrams in Fig. 6 as follows: 
1. Electrons approaching a concave 

equipotential line, moving away from 
the principal axis, and passing from a 
low- to a high -potential field are bent 
back toward the principal axis. 

2. Electrons approaching a concave 
equipotential line, moving toward the 
principal axis, and passing from a 
low- to a high -potential field are bent 
away from the principal axis. 

3. Electrons approaching a concave 
equipotential line, moving away from 
the principal axis and passing from a 
high- to a low -potential field are bent 
away from the principal axis. 

4. Electrons approaching a concave 
equipotential line, moving toward the 
principal axis, and passing from a 
high- to a low -potential field are bent 
toward the principal axis. 

5. Electrons approaching a convex 
equipotential line (traveling in a di- 
rection opposite to that in Fig. 6) 

tron has crossed the equipotential line, 
we get P2 as the new electron velocity. 
This is larger than the original elec- 
tron velocity Pi and is bent closer to 
the principal axis. 

The passage of an electron from a 
low -potential region to a high -poten- 
tial region, under the conditions in Fig. 
6A, results in increased electron velo- 
city and a travel path that is more 
normally parallel to the principal axis. 
By repeating this process for three 
other conditions of electron travel, as 
indicated in Figs. 6B, 6C, and 6D, we 
can determine the nature of the bend- 
ing in each case. 

All four diagrams in Fig. 6 are re- 
versible; that is, the indicated electron 
paths are correct for either direction 
of electron travel along the path. 

If we limit ourselves to equipoten- 
tial lines that are portions of circles 
having their centers on the principal 
axis, we can summarize the results of 

LOW -POTENTIAL HIGH - POTENTIAL 
REGION REGION 

P2 P 

PRINCIPAL 
AXIS 

P PI. PP2 / 
NEW DIRECTION 

OF ELECTRON 
TRAVEL 

INITIAL 
DIRECTION 

OF ELECTRON 
TRAVEL 

HIGH LOW 

CONCAVE 
EOUIPOTENTIAL 
LINE 

PRINCIPAL AXIS 

FIG. 6. How the path of an electron is changed as it moves at various angles through 
regions of differing potentials. 
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moving toward the principal axis, and 
passing from a high- to a low -potential 
field are bent toward the principal 
axis. 

6. Electrons approaching a convex 
equipotential line, moving away from 
the principal axis, and passing from 
a high- to a low -potential field are 
bent away from the principal axis. 

7. Electrons approaching a convex 
equipotential line, moving toward the 
principal axis, and passing from a 

low- to a high -potential field are bent 
away from the principal axis. 

8. Electrons approaching a convex 
equipotential line, moving away from 
the principal axis, and passing from 
a low- to a high -potential field are 
bent toward the axis. 

Although these eight statements 
take care of all conditions in picture 
tubes, it is far easier and better to 
remember the method shown in Fig. 6 
for deriving these facts than to mem- 
orize the eight statements. 

Concentrating the Electron Beam 
In a practical picture tube, a beam 

of electrons that focuses to a small 
spot on the fluorescent screen is pro- 
duced by two distinct sections: 1, a 
hot cathode and an electrode system 
that converges the emitted electrons 
to a point quite near the cathode on 
the principal axis of the tube; 2, one 
or more electronic lens systems lo- 
cated between the first converging 
point and the fluorescent screen, to 
produce equipotential lines that will 
converge the electron beam to a small 
spot on the fluorescent screen. This 
second section will now be considered 
in its simplest form as a bi -potential 
electronic lens. 

ELECTRONIC LENS 

In the electronic lens, the bending 
is continuous throughout the electric 
field that forms the lens (since there 
is an infinite number of equipotential 
lines at which bending can occur). 

Expert mathematicians can calcu- 
late the positions of equipotential sur- 
faces by a long, tedious process, but 
only for simple electrode shapes. The 
usual, and quite practical procedure 
involves making a large accurately 
scaled model of the electrodes, im- 

mersing this model in a conductive 
liquid, and applying voltages to the 
electrodes. A test probe that is com- 
pletely insulated except for a tiny 
metal ball point at its tip is connected 
to a vacuum -tube voltmeter. This 
probe is then moved around in the 
liquid between the electrodes to search 
out points of equal potential. These 
points are plotted on a cross-sectional 
diagram of the electrodes, and con- 
nected together by smooth curves to 
give the equipotential lines for that 
electrode arrangement. 

In Fig. 7A is shown a cross-sectional 
view of a simple bi -potential lens 
made up of two metallic cylinders 
placed end to end on a common prin- 
cipal axis. The smaller cylinder has a 
lower positive potential than the larger 
cylinder, and the difference in poten- 
tial between the cylinders results 
in equipotential lines distributed as 
shown in Fig. 7A for any lengthwise 
cross-section of the cylinders. 

Point 0 can be Considered as the 
point source for the electronic lens in 
Fig. 7A, as electrons are concentrated 
at this point by the first section of the 
picture tube gun (by the cathode and 
its associated focusing system). Since 
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the two metal cylinders produce the 
same electric field for any cross-sec- 
tion, electrons leaving 0 in all direc- 
tions at any given angle with the 
principal axis will be acted upon in a 
similar manner by this electronic lens. 

Notice that electrons traveling to 
the right from point 0 first encounter 
convex equipotential lines. These lines 
gradually straighten out, then become 
concave inside the larger cylinder. Let 
us see what happens to electrons as 
they pass through one convex equipo- 
tential line and one concave equipo- 
tential line. 

An electron traveling from point 0 

through the 1100 -volt convex equipo- 
tential line (shown by itself for clear- 
ness in Fig. 7B) is bent toward the 
principal axis. If this were the only 
equipotential line acting upon elec- 
trons, the beam would be focused to 
point X on the principal axis. In 
passing through the 4400 -volt concave 
equipotential line, however, the elec- 
tron beam is bent away from the 
principal axis, so that it now focuses 

PRINCIPAL 
AXIS 

l000v 
+ 

ELECTRON 
BAFFLE 

METALLIC CIRCULAR CYLINDERS 

4400 V 

at a point farther away along the 
principal axis, at Y. 

Returning to Fig. 7A we see that 
the convex equipotential lines having 
potentials from 1020 volts to 2200 
volts will progressively bend the elec- 
tron beam toward the principal axis, 
and at the same time will increase the 
velocity of the electrons. The concave 
equipotential lines from 2200 volts to 
4580 volts will gradually straighten 
out the electron beam until it is almost 
parallel with the principal axis and is 
converged to a spot of the desired size 
at point I on the fluorescent screen. 
Line 1 in Fig. 7A represents the path 
to the screen taken by electrons 
leaving the point source 0 at angle 0, 

with the principal axis. Electrons 
leaving point 0 along the principal axis 
will be accelerated but not bent, since 
these electrons will travel at right 
angles to all equipotential lines. 

ELECTRONIC BAFFLES 

There is a practical limit to the 
angle at which electrons can leave 
point 0 and still be focused to a point 

s -7p4600 V. 

,p 

EQUIPOTENTIAL 
LINES 

e 

FIG. 7. Electron paths through a bi -potential electronic lens. 
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on the screen. For example, electrons 
leaving point 0 at angle 02 are acted 
upon by the electronic lens in such a 
way that they take path 2, and this 
would cause undesirable spreading of 
the beam. To overcome this, one or 
more electron baffles (each a disc with 
a hole in its center) is used in a picture 
tube to block all electrons that do not 
converge to the desired narrow beam 
along the principal axis. 

THE FIRST LENS 

As has been previously pointed out, 
there are two electrostatic lens sys- 
tems in a picture tube. The first one is 
near the cathode, and is used to bring 
the emitted electrons to a more or less 
sharp point that can act as a source of 
electrons for the second lens. The first 
lens is essentially produced by the 
control grid, which is a cylinder with 
one or more baffle plates located in 
front of the cathode. This first lens 
is known as the cathode lens or im- 
mersion lens (any electrostatic lens in 
which the object or source of electrons 
is inside or immersed in the lens is an 
immersion lens) . The grid cylinder is 
usually given a negative bias with 
respect to the cathode, and is excited 

T 

CIRCULAR METAL 
CYLINDERS 

IOOOV. 

i000V. 

FIG. 8. Equipotential lines within an im- 
mersion lens when there is no bias (A) 
and when there is a 30 -volt bias (B) ap- 

plied to the control grid. 

by the TV signal, thus serving as the 
control electrode. 

The cross-sectional diagram in Fig. 
8A shows a typical arrangement of 
the electrodes that are located near 
the cathode of the picture tube. These 
electrodes are metal cylinders. The 
equipotential lines in Fig. 8A are 
shown for the condition where the 
control electrode is at zero potential 
with respect to the cathode, a con- 
dition corresponding to maximum 
brilliancy of the spot on the screen. 

Since the first anode is at a high 
positive potential with respect to the 
cathode, positive equipotential lines 
exist right up to the cathode as shown 
in Fig. 8A. 

Along the surface of the cathode, 
the positive potentials pull electrons 
away from the heated electron -emit- 
ting surface. Those electrons that are 
traveling along the principal axis are 
accelerated, but not bent as they move 
toward the first anode, because they 
are moving perpendicularly to the 
equipotential lines. 

An electron leaving the cathode at 
a point away from the principal axis, 
such as at point Y, will encounter con- 
vex equipotential lines of increasing 
potential; these will force the electron 
to take the indicated path from Y to 
the cross -over point X, and at the 
same time will accelerate the electron. 

Any electrons traveling from point 
Y away from the principal axis will 
follow an equipotential line without 
accelerating, until they are redirected 
toward the principal axis again. They 
are then attracted by the first anode, 
and are accelerated along with the 
other electrons in the beam. Stray 
electrons may form an electron cloud 
around the cathode, outside the zero 
equipotential line. This electron cloud 
will tend to repel electrons back to the 
principal axis, and force them to go 
through the cross -over point X. 
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Most of the electrons that make up 
the final beam will be pulled out from 
the center of the cathode, and will be 
accelerated rapidly with a minimum 
change in direction. Electrons emitted 
at such angles that they could not 
possibly go through the cross -over 
point are blocked by electron baffle 
B1. The first anode has another elec- 
tron baffle (B2) that also blocks elec- 
trons that are outside the desired 
beam. 

When the control electrode has a 
negative bias of 30 volts with respect 
to the cathode (a condition corres- 
ponding to a low -brilliancy spot on 
the picture -tube screen), the equipo- 
tential lines will be arranged as shown 
in Fig. 8B. The negative charge on the 
control electrode has the effect of 
making the positive equipotential lines 
sharply convex for electrons leaving 
the cathode; in addition to this, the 
positive potential increases rather 
slowly near the control electrode. 

We also have negative equipoten- 
tial lines in the vicinity of the cathode 
shown in Fig. 8B. Many of the elec- 
trons that would normally leave the 
cathode because of the potential that 
is given them by the heat of the fila- 
ment cannot overcome the repelling 
force of these lines, and consequently 
are kept at the cathode. The result is 
that only electrons near the principal 
axis are pulled away from the cathode 
by the first anode. We thus see that a 
negative charge on the control grid 
reduces the number of electrons that 
can enter the electron beam. 

The control electrode has its great- 
est effect in the region between the 
cathode and the electron baffle B1. 
The electrostatic field between the 
electron baffles B1 and B2 is essentially 
constant for a definite first -anode vol- 
tage. With proper electrode design, 
the equipotential lines in this region 
will be so shaped that there will be 

convex lines for focusing the electrons 
to cross -over point X, and concave 
lines for narrowing the beam again as 
the electrons spread after leaving point 
X. 

A COMPLETE ELECTRON GUN 

The general arrangement of the 
electron gun elements in a picture 
tube is shown in Fig. 9. Since we 
have already considered the action of 
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FIG. 9. General arrangement of the ele- 
ments in the electron gun of a picture 

tube. 

each component in the system, we will 
now review the action of the entire 
system. 

Cathode K serves as the primary 
source of electrons. The control elec- 
trode G1 produces between baffle B1 
and the cathode an electrostatic field 
that controls the number of electrons 
in the beam. The first anode Al pro- 
vides between it and G1 an electro- 
static field that focuses the emitted 
electrons to cross -over point X. The 
first and second anodes, Al and A2, 
together form a bi -potential electronic 
lens that converges the electron beam 
back into a narrow straight stream 
and focuses the stream or beam of 
electrons to a spot of the desired size 
on the fluorescent screen. Electron 
baffles B1, B2, and B3 block any elec- 
trons that tend to widen the final 
electron beam. 

The number of electrons in the beam 
will vary at different points, for the 
baffles will divert some electrons to 
the positive supply leads. If milliam- 
meters are inserted in the B+ and 
B++ leads, the sum of their readings 
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will be approximately equal to the 
electron currents at cross -over point 
X. The current in the second anode 
supply lead is a better indication of 
screen spot brightness, however. The 
beam current is very small, varying 
from approximately 50 to 250 micro- 
amperes, depending on the type of 
tube and the anode voltage employed. 

SECONDARY EMISSION 
When the electron beam strikes the 

fluorescent screen it causes secondary 
electrons to be emitted from the screen. 
If these secondary electrons are not 
removed they will accumulate and 
form an electron cloud in front of the 
screen that will interfere with the 
normal operation of the tube, tending 
to slow down the beam and making 
it spread. 

To prevent this electron cloud from 
forming, the inside of the glass en- 
velope in practically all picture tubes 
is coated with a conductive material 
such as carbon or powdered graphite. 
This coating is called aquadag, and is 
similar to the coating found on re- 
sistance strips of volume controls. The 
coating usually extends from the 
neck of the funnel -shaped part of the 
glass envelope to within an inch or so 
of the fluorescent screen. One end of 
the aquadag coating is connected to 
the second ' or accelerating anode 
through spring clips, and hence has a 
high positive potential so that it will 
attract secondary electrons that are 
emitted from the fluorescent screen 
during bombardment by the beam. 
This prevents a large accumulation of 
secondary electrons in front of the 
screen. In some picture tubes, no 
metallic accelerating anode is pro- 
vided, and the aquadag coating, in 
addition to collecting secondary elec- 
trons from the screen, also acts as the 
accelerating or high -voltage anode of 
the tube. 

CATHODE 
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CONTROL GRID 
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CATHODE 

-B -c 

FIRST ANODE 
A1 (++) 

SCREEN GRID 
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ACCELERATING ANODE 

FOCUS 
ANODE 

B+ B++ 

FIG. 10. Methods of reducing interaction 
between the control grid and the focusing 

anode. 

On many magnetic -deflection tubes 
the outer portion of the glass envelope 
also has a conductive coating that is 
grounded. The glass between the inner 
and outer conductive coatings acts as 
a dielectric, and in this way a con- 
denser is formed that has considerable 
storage capacity. The condenser so 
formed acts as a portion of the filter 
system for the second anode high - 
voltage supply. 

In the gun shown in Fig. 9 there is 
considerable interaction between the 
control grid and focusing anode No. 1. 
Variations in control grid voltage will 
vary the number of electrons striking 
baffles B, and B,, thus undesirably 
changing the first anode voltage with 
respect to the second anode voltage, 
and defocusing the beam. 

In some early tubes, this was 
avoided by using an element called 
the "screen grid" between the control 
grid and the first anode as shown in 
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Fig. 10A. More recently, however, the 
second anode has been split; one part, 
electrically connected to the second 
anode, now is inserted between the 
control grid and the focusing anode 
as shown in Fig. 10B. Not only does 
splitting the second anode cause rapid 
acceleration of the electrons, but also 
interlocking between the adjustment 
of the control grid voltage and the 
focusing anode voltage is thus elim- 

inated. The arrangement in Fig. 10B 
also allows a simpler power supply 
than that in Fig. 10A. 

In the terminology of some picture - 
tube manufacturers, the control grid is 
designated as G1, the first section of 
the accelerating anode in Fig. 10B is 
designated as G2j the focus anode as 
G3, and the other section of the ac- 
celerating anode as G4; G2 and G4, of 
course, being tied together. 

Focusing the Electron Beam 
The technician's primary interest in 

a picture tube is the effects that vari- 
ations in electrode voltages have upon 
the spot size and the spot brilliancy. 
However, there are two types of pic- 
ture tubes; one uses electrostatic fo- 
cusing and deflection, while the other 
uses electromagnetic means for both 
these purposes. We shall study both, 
beginning with the electrostatic type. 

ELECTROSTATIC FOCUSING 
The schematic circuit diagram for 

CONTROL 
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CATHODEy 

HEATER 

VIDEO 
SIGNAL 

a typical electrostatic picture tube and 
its operating voltage supply is shown 
in Fig. 11. The voltages applied to 
the various electrodes in the picture 
tube depend upon the size of the tube. 
For example, in a tube having a face 
diameter of 7 inches, the highest a.c. 
supply voltage E3, applied between 
the second anode and B-, may be as 
much as 6000 volts. The first anode 
may have a potential of 1500 to 2500 
volts. The cathode may be positive 
with respect to ground (the control 

SECOND 
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ANODE + 

BEAM 
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FIG. 11. Schematic diagram of the voltage distribution system used with a typical 
electrostatic tube. 
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grid return) by 30 or 40 volts, so that 
the control electrode is always nega- 
tive. The exact d.c. voltage between 
the cathode and the control grid de- 
pends upon the setting of R1 which 
serves as the brilliancy control. Now 
let us see how the spot size and the 
spot brilliancy will vary as the vol- 
tages are varied. 

Let's assume first that the control 
grid is highly negative, with the spot 
brilliancy correspondingly low. Elec- 
trons under this condition are flowing 
into the first anode in a narrow cone 
with the result that the beam is fo- 
cused to a small spot. As the control 
grid is driven in a positive direction 
by the video signal or by reducing the 
bias set by R1, more and more elec- 
trons enter the stream, and the spot 
brilliancy increases. At the same time 
the electrons in the stream repel each 
other more than before, and the spot 
size is therefore increased when the 
control grid is driven more positive. 
By careful tube design, the spot dia- 
meter can be maintained within rea- 
sonable limits for normal variations 
in the control grid voltage. This vari- 
ation will not greatly affect line defi- 
nition if the largest spot diameter is 
less than the width of a line. 

Raising voltages El, E2, and E3 
will increase spot brilliancy. Con- 
versely, reducing these voltages will re- 
duce spot brilliancy. To see how these 
voltages affect spot size, we may con- 
sider each electrode by itself. In- 
creasing the first anode voltage causes 
electrons to be drawn from a larger 
area on the cathode, giving more elec- 
trons in the beam and a larger cone 
at the cross -over. The result is a 
beam with less effective focusing, due 
to the greater repelling action among 
electrons in the beam. These factors 
together cause spot size to be increased 
when the first anode voltage is in- 
creased. 

Provisions are always made for 
varying the first anode voltage in 
electrostatic picture tubes because this 
provides a simple way of focusing 
the electron beam to a spot. Increas- 
ing E2 without increasing E3 reduces 
the potential difference between the 
first and second anodes. The equi - 
potential lines then become flatter 
(less convex and less concave), with 
the result that there is less bending 
as the electrons pass through the sec- 
ond electrostatic lens, and the point 
of focus (the point at which the beam 
is focused to a sharp spot of minimum 
size) is moved farther away from the 
second anode. Increasing E2 also gives 
increased acceleration of electrons. 
We can therefore say that increasing 
the voltage E2 on the first anode will 
move the focus spot outward, and at 
the same time give a brighter spot. If 
the point of focus is originally between 
the second anode and the fluorescent 
screen (so that electrons are diverging 
again as they reach the screen), in- 
creasing the first anode voltage will 
move the point of focus closer to the 
screen, thereby reducing spot size. 
When the point of focus is exactly at 
the screen, the spot size will be a mini- 
mum, and all changes in anode vol- 
tages will increase the spot size. De- 
creasing the first anode voltage E2 will 
reduce the spot brilliancy, and bring 
the point of focus closer to the second 
anode. With those picture tubes that 
are designed for electrostatic focusing, 
it is customary to vary the first anode 
voltage until a sharply -focused image 
is obtained on the screen. 

Normally, the second anode voltage 
is not readily adjustable, although in 
certain type high -voltage power sup- 
plies an adjustment can be made. A 
definite voltage, however, is always 
recommended for this anode, and fo- 
cusing is accomplished by adjusting 
the voltage that is applied to the first 
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anode. Any change in the voltage on 
the second anode will require readjust- 
ment of the focus control (R3 in Fig. 
11) to produce the proper equipoten- 
tial lines between the first and the 
second anodes so that the beam will 
focus to a sharp point on the screen. 

MAGNETIC FOCUSING 
The fact that an electron in motion 

in a vacuum is the equivalent of a 
current, and is producing magnetic 
lines of force makes it possible to 
employ a magnetic field for focusing 
a divergent stream of electrons to a 
point. To understand exactly how this 
magnetic field can be utilized for elec- 
tron -beam focusing, we must first con- 
sider a few fundamental principles of 
the behavior of electrons in magnetic 
fields. 

A typical t.c.r. tube employing mag- 
netic focusing is shown in Fig. 12. At 
the left end of the tube is a con- 
ventional electrostatic lens made up of 
a heated cathode, a negatively biased 
control grid, and low- and high -vol- 
tage anodes that serve as the first lens 
to focus the emitted electrons to cross- 
over point X, and to accelerate the 
electrons. From this point the elec- 
trons spread out into a cone, and are 
focused to a spot of the desired size 
on the screen by the magnetic field 
that is produced by the focusing coil 
that surrounds the neck of the tube. 
The magnetic lines of force produced 
by this coil are essentially parallel to 
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the principal axis of the tube, and are 
distributed uniformly through the 
neck of the tube. 

In Fig. 12, the path taken by an 
electron leaving point X at the angle 
O with the principal axis is shown as 
a long sweeping curve, first away from 
the principal axis and then toward it. 
Actually, however, the electrons are 
twisted around the principal axis in 
a spiral manner at the same time that 
they are moving away from or toward 
the axis. 

In order to prove that electron e, 
as it leaves cross -over point X, will 
take the path shown in Fig. 12, we 
must consider its velocity as having 
two components. Velocity component 
eL provides motion longitudinally 
along the axis, while velocity com- 
ponent eR provides motion radially 
outward from the principal axis. You 
will shortly see that motion along the 
axis is not affected by the magnetic 
field, whereas radial motion through 
the magnetic field forces electrons to 
bend back to the principal axis. 

Electron e is thus moving longi- 
tudinally along the axis toward the 
screen at the same time that it is 
moving radially away from and back 
to the principal axis. If the radial 
motion back to the axis can be com- 
pleted by the time the electron has 
reached the screen, the desired focus- 
ing is secured. 

Let's suppose that a straight wire 
is placed in a uniform magnetic field 
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FIG. 12. Elements of a typical electromagnetic picture tube. 
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that is made up of straight parallel 
magnetic lines of force, with the wire 
parallel to these lines of force. When 
a current is sent through this wire, 
the current will set up a magnetic 
field of its own surrounding the wire. 
These circular magnetic lines of force 
will be at right angles to the existing 
straight lines of force at all points, and 
consequently the interaction between 
the two fields will be exactly the same 
at all points around the wire. The 
result is that the original magnetic 
field has no effect whatsoever upon the 
flow of electrons through the wire. 

We can replace this wire with a 
stream of electrons flowing parallel 
to the magnetic lines of force, because 
it is electrons in motion that produce 
magnetic fields; we thus see that when 
magnetic focusing is employed, elec- 
trons traveling along the principal 
axis are unaffected by the magnetic 
field. 

FIG. 13. How the interaction between a 
fixed magnetic field and the magnetic 
field of an electron forces the electron 

path to change direction. 

When a wire carrying current is 
placed at right angles to a magnetic 
field, we know that there will be 
interaction of the magnetic fields and 
a resultant force that tends to move 
the wire (this is the principle of an 
electric motor) . Electrons traveling 
at right angles to the focusing mag- 
netic field in a picture tube are acted 
upon by a resultant force in much the 
same manner. 

Imagine that the magnetic lines of 
force shown in Fig. 13A are parallel 
to the plane of this page, and the 
electrons are moving into the field 
(into the paper) at point X, along a 
path or beam that is at right angles 
to the page. Associated with these 
moving electrons will be circular mag- 
netic lines of force having the di- 
rections shown in Fig. 13B. When 
these circular magnetic lines of force 
exist in the magnetic field of Fig. 13A, 
there will be a crowding of flux at 
the left of point X, and a thinning 
out of flux at the right of point X. 
This unbalance causes electrons to 
move to the right, thereby rebalancing 
the field. 

The complete picture of this action 
is shown in the three-dimensional dia- 
gram in Fig. 13C. The initial direction 
of electron movement (e) and the 
direction of the magnetic flux (F) are 
at right angles (90°) to each other. 
As a result of the interaction between 
the magnetic lines of force, the elec- 
trons will be moved to the right (arrow 
M indicates this motion), at right 
angles to both the initial electron 
flow and the original magnetic field. 
From this fundamental analysis, we 
can see that an electron traveling per- 
pendicular to a magnetic field is forced 
to move in a direction at right angles 
to both its original path and the 
original magnetic field. 

Returning to Fig. 12, we can now 
see that it is the reaction between the 
radial electron velocity component eR 

and the focusing magnetic field that 
causes electron e to be redirected back 
toward the principal axis of the tube. 
It will be more convenient to look at 
a cross-sectional diagram through 
cross -over point X of the picture tube 
(Fig. 14) while studying this action. 

Let's assume that electrons are 
moving radially away from cross -over 
point X, which is our electron source. 
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1.1 . .. .{ 

If there were no magnetic field in the 
vicinity, these electrons would move 
radially out to the neck of the tube, 
as indicated by path el. With a fo- 
cusing magnetic field here, at right 
angles to the electron path, these elec- 
trons are given a side push at right 

,FLUX 
RIGHT-ANGLE 

/MOTION 

RADIAL ELECTRON 
PATH 

NECK OF T.C.R. 
TUBE 

FIG. 14. How the strength of the focusing 
magnetic field affects electron paths in an 

electromagnetic tube. 

angles to their original path, with the 
amount of this push depending upon 
the flux density. For a low flux den- 
sity, the electrons would therefore take 
path e2j and for increasing flux den- 
sities they would take paths e3 and e4 
respectively. In a system of magnetic 
focusing the magnetic field density is 
increased simply by increasing the 
value of direct current through the 
focusing coil. 

Note that paths e3 and e4 in Fig. 14 
are both complete circles that bring 
the electrons back to the principal 
axis. For a given initial electron velo- 
city, increasing the magnetic field den- 
sity shortens this circular path back 
to the principal axis. By adjusting 
the field strength so that it takes 
electrons just as long to travel this 
circular path back to the axis as it 
does for them to travel longitudinally 
along the axis to the screen, we can 
make electrons hit the screen right at 
the principal axis even though they 

leave the cross -over at an angle. 
Varying the focusing coil current 
changes the magnetic field strength; 
therefore, in a tube employing elec- 
tromagnetic focusing, the focusing coil 
current is varied in order to focus the 
electron beam. 

It is not essential that the focus- 
ing coil enclose the entire distance 
from the cross -over point to the screen. 
A short coil located near the cross- 
over point will give electrons the es- 
sential twist back to the principal 
axis, so that they will focus to the 
desired spot size at the screen. 

There is a definite relationship be- 
tween the velocity of the electrons at 
the cross -over point and the magnetic 
field strength required for correct fo- 
cusing. The greater the electron velo- 
city, the greater must be the flux den- 
sity in order to secure the desired 
focusing. Any change in the electrode 
voltages changes the electron velo- 
cities, making it necessary to readjust 
the focusing coil current in order to 
maintain the desired sharply focused 
spot on the screen. 

In tubes employing magnetic focus- 
ing, the control grid is so designed that 
it essentially controls only the num- 
ber of electrons in the beam. The first 
anode, aside from its action in focus- 
ing electrons to the cross -over point, 
determines the velocity of the elec- 
trons at the cross -over point. With 
this arrangement, there is a minimum 
of defocusing when the electron beam 
is modulated with a television signal. 
Further velocity is imparted to the 
beam by the second anode which is not 
designed to form an additional lens 
with the first anode. 
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Deflecting the Electron Beam 
Having passed the focusing struc- 

ture, which may be either a bi -poten- 
tial lens or an electromagnetic focusing 
coil, the electron beam travels to the 
screen in the form of a beam more or 
less along the principal axis of the 
tube. This electron beam must be 
swept horizontally across the screen 
15,750 times per second, and must be 
swept vertically up and down the 
screen 60 times each second. 

There are two methods for accom- 
plishing this sweeping of the electron 
beam across the screen: 1, electro- 
static deflection, in which the beam 
passes between charged parallel metal 
plates that attract or repel the elec- 
trons to produce the desired bending 
of the beam; 2, electromagnetic de- 
flection, in which an electromagnetic 
deflecting yoke produces a magnetic 
field that interacts with the magnetic 
field of the electron beam to produce 
the desired bending. 

ELECTROSTATIC DEFLECTION 
When using two parallel charged 

metal plates to deflect an electron 
beam, the plates are fed from a push- 
pull amplifier with a saw -tooth a.c. 
sweep voltage that makes one plate 
negative while the other is positive, 
and vice versa, alternately. Thus 
the beam will be attracted toward the 
positive plate and repelled by the neg- 
ative plate. Since this is a saw -tooth 
voltage of the a.c. variety, the plates 
will regularly reverse polarity, and 
the beam will be swept back and forth 
across the face of the tube as shown 
in Fig. 15A, in this case tracing a 
straight horizontal line. With other 
plates placed at right angles to those 
shown in Fig. 15A, as is illustrated at 
B, a straight vertical line will be 
traced on the face of the tube. When 
swept both horizontally and vertically 

at the same time, the rapidly occur- 
ring horizontal lines are gradually 
moved down the face of the tube by a 
single vertical sweep,. the vertical 
sweep then returns the beam to the 
top of the tube, and the process is re- 
peated, thus scanning the entire 
screen. This pattern of light produced 
by the scanning is called the raster. 

In modern television work the de- 
flecting plates are maintained at ap- 
proximately the same d.c. potential as 
the second anode, being connected to 
it through decoupling resistors. The 
sweep signals are then fed through 
coupling condensers to the deflecting 
plates. 

Electrons enter the region between 
the parallel plates in Fig. 15A with a 
definite velocity, corresponding to that 
given by the potential of the second 
anode. When plate X is positive with 
respect to plate Y, it will attract the 
electrons in the beam and conse- 
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FIG. 15. How the electron beam is swept 
in an electrostatic tube. 
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quently pull the beam toward it. On 
the other hand, when plate Y is posi- 
tive with respect to plate X, electrons 
will be repelled from plate X and bent 
toward plate Y. 

The amount of bending will depend 
upon the voltage difference between 
the two plates, upon the distance be- 
tween the plates, and upon the length 
of time the electrons are between the 
plates. The greater the voltage differ- 
ence, the greater will be the bending 
or deflection. The closer to each other 
the plates are, the greater will be the 
deflection. The longer the electrons 
take to travel between the plates, the 
greater will be the deflection. 

The length of time it takes the elec- 
trons to pass through the plates de - 

CATHODE 
END 

move the spot on the screen a unit dis- 
tance (the lower the deflection voltage, 
the greater is the sensitivity), or the 
distance that one volt will move the 
spot on the screen (the greater the 
distance, the greater is the sensitivity). 
Remember, however, that the second 
anode voltage that governs the elec- 
tron velocity must be specified when- 
ever a sensitivity rating is mentioned. 
This is necessary because increasing 
the velocity (by increasing the second 
anode potential) will reduce the de- 
flection sensitivity, and make it nec- 
essary to apply higher deflecting volt- 
ages to obtain the desired sweep. 

Curved Deflection Plates. As has 
already been pointed out, the deflec- 
tion sensitivity is dependent upon the 

SCREEN 
END 

FIG. 16. Flared deflection plates of this 
sort are often used in electrostatic tubes. 

pends upon the electron velocity (the 
second anode voltage), and upon the 
length of the plates along the principal 
axis. The higher the velocity, the less 
time the electrons are between the 
plates. Looking at this condition in a 
slightly different way, we can think of 
a high -velocity electron beam as being 
stiff, and hence more difficult to bend. 
The bending action of an electron 
beam should be considered in terms of 
the spot deflection on the screen rather 
than in terms of the bending angle. 
Of course, for a given bending angle, 
the spot movement on the screen will 
depend upon the distance between the 

t deflecting plates and screen, increasing 
as this distance is increased. 

The deflection sensitivity of an elec- 
trostatic deflection system can be ex- 
pressed either in terms of the deflect- 
ing plate voltage that is required to 

lengths of the deflecting plates and 
upon their separation. For a given 
electron speed, there is an optimum 
length and optimum separation, but 
deflection sensitivity can be increased 
by keeping the beam close to the 
plates without actually hitting the 
plates. Curved plates that flare out- 
ward in the manner shown in Fig. 16 
meet this requirement. You will find 
that plates of this type are used ex- 
tensively in picture tubes because they 
permit a closer spacing of the gun end 
of the plates, and still do not intercept 
the beam when it is bent a maximum 
amount. 

TYPICAL ELECTROSTATIC 
PICTURE -TUBE CIRCUIT 

Let us briefly review what we have 
learned about electrostatic picture 

19 



tubes, and see how they are actually 
connected in practical TV circuits. 

A cross-sectional diagram of an 
electrostatic -type picture tube, includ- 
ing the electron gun and one set of de- 
flecting plates, is shown in Fig. 17. 

Electrons, emitted by the cathode, 
are accelerated by the first and second 
anodes. The voltage between the grid 
and the cathode controls the number 
of electrons that are able to pass the 
grid, and this in turn controls the in- 
tensity of the spot produced on the 
screen of the tube. 

The grid is at a fixed d.c. potential 
with respect to ground, but the voltage 
between the cathode and the grid can 
be varied by means of potentiometer 
R1 that functions as the intensity or 
brilliancy control. The video signal 
is applied to the control grid through 
coupling condenser C, and is developed 
across resistor R. Thus, this signal is 
effectively in series with the bias volt- 
age. 

As you know, the focus of the elec- 
tron beam is controlled by varying 
the voltage difference between the first 
and the second anodes. Thus R4 serves 
as the focus control. Resistor R2 is 
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FILAMENT GRID FIRST ANODE 2ND ANODE 

VIDEO 
SIGNAL 

R1 

INTENSITY 
R4 

FOCUS 

connected in series with the first anode 
to limit the anode current to safe val- 
ues by causing the anode voltage to 
drop as the current increases. 

The high B voltage (accelerating 
voltage) is applied to the second anode 
through protective resistor R5. The 
deflecting plates must have a d.c. 
voltage almost as high as that applied 
to the second anode to avoid defocus- 
ing of the beam. Therefore one de- 
flecting plate is connected between R, 
and Re, and the other deflecting plate 
is connected to potentiometer R9. The 
sweep voltage is applied through con- 
densers C1 and C2, with resistors R10 
and R11 acting as coupling resistors. 

If the center arm of R9 is varied un- 
til the voltage applied to the upper de- 
flecting plate is equal to the voltage 
applied to the lower plate (that is, at 
the same potential as the junction of 
resistors R, and R8), then the electron 
beam will have the center position 
shown at A if the tube is perfect. (The 
beam is being deflected to either side 
of this position by the a.c. sweep volt- 
age applied through C1 and C2.) 

If we move the center arm from this 
position (position 2 on R9) so that the 

DEFLECTING 
PLATES 

R6 R7 R8 

B B+++ 
FIG. 17. Cross-sectional view of a typical electrostatic tube, showing voltage division 

arrangement for one pair of deflection plates. 
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upper plate is more positive than the 
lower plate, then the electron beam 
will be moved upward to position B; 
that is, as we move the center arm 
from position 2 to position 1, the beam 
moves from position A to position B. 
The beam is still moved to either side 
of the center position by the saw - 
tooth sweep -deflecting voltage applied 
through C1 and 02. Similarly, by 
moving the R9 slider the other way, 
the beam is moved nearer the lower 
deflection plate. Therefore, R9 acts as 
a centering control; irregularities in 
the tube may prevent the beam tracing 
from being centered on the tube face, 
so R9 can be adjusted as required to 
center the raster. 

The other resistors in the voltage 
divider, consisting of R2 and Rs, serve 
simply to divide the voltages in the 
proper proportion between the various 
electrodes of the picture tube. 

We have not shown the other set of 
deflecting plates here, so in Fig. 18A,, 

a more complete and more typical 
voltage divider circuit is shown. The 
high B voltage is supplied to the up- 
per end of the voltage -divider circuit, 
and the lower end is connected to 
ground at the point where B- from 
the high voltage supply is connected. 
Voltage is applied to the second anode 
through resistor R1 which acts to limit 
second -anode current to a safe value. 

Resistors R2 and R3 correspond to 
R, and R3 in Fig. 17. A lead is taken 
to one of the vertical deflecting plates 
through R9, while another lead is con- 
nected to one of the horizontal deflect- 
ing plates through R6. 

Potentiometers R4 and R, are con- 
nected in parallel with R2 and Raj R4 

is connected through R, to the other 
horizontal deflecting plate. By vary- 
ing the position of the center arm on 
R4, we can vary the d.c. potential be- 
tween the two horizontal deflecting 
plates. Therefore, R4 acts as the 
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FIG. 18. Typical complete voltage divi- 
sion arrangement used with electrostatic 

picture tubes. 

horizontal centering or positioning 
control. Resistor R, serves a similar 
function for the vertical plates and is 
thus the vertical centering control. 

The sweep voltage for the vertical 
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plates is applied through condensers 
Cs and C4, while the sweep voltage 
for the horizontal plates is applied 
through C1 and Ca. Since the horizon- 
tal -sweep frequency is much higher 
than the vertical -sweep frequency, 
smaller condensers may be used at C2 
and C2 than at Cs and 04. 

Note that we have six resistors in- 
stead of one between the lower end of 
Its and the upper end of focus control 
R16. These correspond to resistor R6 
in Fig. 17. The heat dissipation in a 
high -voltage divider circuit is com- 
paratively high so a single standard - 
size resistor, even of a comparatively 
high wattage rating, is not satisfac- 
tory. Rather, a series of resistors are 
used, with the total resistance of the 
individual resistors adding up to the 
correct value for proper voltage divi- 
sion. 

Thus the wattage dissipation is di- 
vided among the various resistors, 
and lower -wattage, and hence physi- 
cally smaller resistors, may be used. 
If some of the resistors in this group 
should change in value, the voltage di- 
vision would also change, and it may 
be impossible to focus the electron 
beam. There is less chance of such a 
change occurring if the wattage rating 
of the individual resistors is not ex- 
ceeded. 

In this particular voltage divider, 
provision is not made for controlling 
the intensity of the electron beam. 
Rather, a separate d.c. voltage is ap- 
plied to the cathode of the picture tube 
as shown in Fig. 18B. By varying the 
position of resistor R1, the potential 
between the cathode and the grid may 
be varied with a resultant change in 
brilliancy. A by-pass condenser, C1, 
is connected between the center arm. 
of the intensity control, shown in Fig. 
18B, and ground. This serves to keep 
the cathode at ground potential as far 
as video signals are concerned. 

Instead of using resistors such as R2 
and R3 for applying a fixed d.c. volt- 
age to one of a pair of deflecting 
plates, a tap may be provided on the 
centering control as shown in Fig. 19. 
This may be a center tap, but in some 
cases it will be found that the tap is 
off center. This is because some elec- 
trostatic tubes, due to manufacturing 
tolerances, may not require exactly 
the same voltage applied to the hori- 
zontal deflecting plates as is applied 
to the vertical deflecting plates for 
proper centering. Thus, the horizontal 
centering control may have the tap off 
center, whereas the vertical centering 
control may have the tap exactly in 
the center. 

Service Hints. When replacing the 
centering controls in a TV set, it is im- 
portant that an exact duplicate re- 
placement be obtained if a tapped 
control is used. This insures that the 
tap will be in the right position for 
the particular pair of deflecting plates 
to be controlled. 

A change in value of resistors R2 or 
Rs may make it impossible to cor- 
rectly center the raster. More often 
this is due to leakage in one of the 
coupling condensers that feeds the de- 
flecting plates. Leakage in one of the 
condensers will change the d.c. voltage 
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FIG. 19. Tapped centering control often 
used with electrostatic tubes. 
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applied to the plate in question, and 
may even throw the raster entirely off 
the screen, either in a vertical or in a 
horizontal direction. 

ELECTROMAGNETIC 
DEFLECTION 

You already know that when an 
electron stream passes through a mag- 
netic field at right angles to the lines 
of force, the stream is bent at right 
angles to both the lines of force and 
the original path. Fig. 20 illustrates 
how this principle is employed to give 
electromagnetic deflection in a picture 
tube. Electrons e, traveling along the 
principal axis of the tube in a stream, 
enter a uniform magnetic field having 

PRINCIPAL 
AXIS 

MAGNE IT C LINS 
OF FORCE GOING 
INTO PAGE 

bending action will be uniform at all 
points in the field, and the electron 
stream will follow a circular path hav- 
ing a radius R. Once electrons emerge 
from the field at point 2, they travel 
in a straight line again. The path 
shown in Fig. 20 would take the elec- 
tron stream to the outer edge of the 
fluorescent screen. 

When an electron stream travels 
through a uniform magnetic field, the 
velocity of the electrons is not altered 
by the magnetic field. Increasing the 
flux density in the magnetic field shor- 
tens the length of radius R, thereby in- 
creasing the amount of deflection on 
the screen. Increasing the length of 
the magnetic field along the path of 
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FIG. 20. How electromagnetic deflection 
works. 

lines of force flowing into the paper. 
By applying the left-hand rule to de- 
termine the direction of the magnetic 
flux created by this electron flow, we 
find that there is a crowding of flux 
above the path, and a thinning out or 
canceling of flux below the path. The 
electron stream is thus bent downward 
in the plane of the paper, at right an- 
gles to both the original path and the 
magnetic lines of force. Reversal of 
the magnetic lines of force will cause 
the beam to be bent upward. Thus, we 
can get magnetic deflection as well as 
magnetic focusing just by using the 
proper coils for each purpose. 

As long as the density of the mag- 
netic field in Fig. 20 is constant, the 

electron travel does not affect the 
value of R, but does increase the 
amount of deflection since the elec- 
trons are under the influence of the 
magnetic field for a longer period of 
time. The higher the velocity of the 
electrons in the stream, the greater 
must be the flux density in the field in 
order to secure a given amount of de- 
flection, for a stiff (high -velocity) 
electron beam is not bent as readily as 
a low -velocity beam. 

In a practical tube, a magnetic field 
for beam deflection is produced by an 
electromagnet that surrounds the neck 
of the tube. Once the poles of this 
electromagnet are identified, we know 
that the electron beam will be de - 

23 



fleeted at right angles to the line be- 
tween the pole faces. Thus, the pair 
of magnetic poles that serves for verti- 
cal deflection of an electron beam will 
be mounted horizontally, and the poles 
that give horizontal deflection will be 
mounted vertically. 
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FIG. 21. Design and characteristics of a 
simple electromagnetic deflecting yoke. 

A simple electromagnetic deflecting 
yoke that provides both vertical and 
horizontal deflection is shown in Fig. 
21A. Note that the vertical deflecting 
poles V are arranged horizontally, 
and the horizontal deflecting poles H 
are arranged vertically. The yoke is 
constructed from laminated sheet 
steel, with the coils wound on bobbins, 
or forms that slip over the poles. Op- 
posite coils are connected so that they 
have opposite polarity. 

Although the simple electromagnetic 
deflecting yoke in Fig. 21A will give 
a spot deflection that is essentially 
proportional to the deflecting circuit 
current, it will also produce defocusing 
and pattern distortion. This is because 
of the fact that the magnetic field be- 
tween opposite poles is not uniform, 
but rather has curved lines of force 
as shown in Fig. 21B. It can be shown 
by means of a very complex analysis 
that when electrons travel through a 
non -uniform magnetic field, the circu- 
lar beam is flattened out to an egg - 
shaped spot instead of a round spot on 
the screen. 

When the fields for both horizontal 
and vertical deflection are non -uni- 
form in density and are curved, pat- 

tern distortion of the type shown in 
Fig. 21C occurs when an image made 
up of perfectly vertical and horizontal 
cross lines is being reproduced. We 
need not consider these defects in 
detail, since they can be avoided by 
using deflecting yokes that give uni- 
form, straight-line magnetic fields. 

In the improved type of electro- 
magnetic deflecting yoke that is used 
with modern picture pubes, rectangular 
coils are wound in such a way that 
they fit inside one another as shown 
in Fig. 22. The windings for each 
coil are connected in series, then bent 
into the half -cylinder shown in Fig. 
22B. Two such systems of coils are 
placed around the neck of the picture 
tube, and are connected together in 
series in such a way as to produce 
poles of opposite polarity. A pair of 
coil systems like this produces the 
desired uniform straight magnetic 
field. One pair of coils is placed di- 
rectly over the neck of the tube and 
made to serve for horizontal deflection, 
and the other pair is placed over the 
first pair and made to serve for verti - 
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FIG. 22. Construction of a 
fleeting yoke. 
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FIG. 23. Cross-sectional view of an electromagnetic tube, showing where the various 
operating voltages are applied. 

cal deflection as shown in Fig. 22C. 
The entire coil assembly is encased 
in a soft -iron shell in order to reduce 
the reluctance of the magnetic circuit, 
to prevent stray magnetic fields from 
affecting the deflection circuit, and 
to prevent the magnetic fields of the 
coils from affecting the focusing field 
of the picture tube. 

In an electrostatic deflection system, 
the sweep voltage that is applied to 
the deflecting plates must have a true 
saw -tooth characteristic. In an elec- 
tromagnetic deflecting system, the cur- 
rent through the deflecting coils must 
have this same saw -tooth character- 
istic. 

ELECTROMAGNETIC 
TUBE CIRCUIT 

Let us now briefly review some of 
the things that we have learned about 

. electromagnetic -type tubes, and see 
how They function in actual receivers. 

In electromagnetic tubes the inten- 
sity of the electron beam is controlled 
in the same way that it is in electro- 
static tubes, that is, the d.c. voltage 
applied between the control grid and 

the cathode of the tube is varied by 
means of a potentiometer such as R1 
shown in Fig. 23. The signal is applied 
through C1 so that it appears across 
R8. 

The current through the focus coil 
that is placed around the neck of the 
picture tube is varied in order to 
change the focusing of the electron 
beam. As the resistance of R3 is in- 
creased, for example, more current can 
flow through the focusing coil, and a 
stronger magnetic field will be pro- 
duced, changing the focus point of 
the beam. 

A cross-sectional view of the con- 
struction of the focus coil is illustrated 
in Fig. 23. The coil is wound of cop- 
per wire and a soft -iron ring is placed 
around it. A gap is provided in the 
iron ring, and the magnetic field 
spreads out from this gap. This pro- 
vides a concentrated magnetic field 
that will not extend beyond the section 
of the tube of the neck in which the 
focusing action is desired. No matter 
at what angle the electrons enter the 
field, the magnetic field provides 
enough deflection so that they will 
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all be focused at the same point on 
the screen. The path followed by any 
one electron will be a cork -screw shape 
because of the resultant action of the 
two forces-the force acting to ac- 
celerate the beam (high voltage on 
the second anode), and the force 
acting to focus the beam. 

Positioning the Beam. To posi- 
tion the electron beam, d.c. is passed 
through the deflection coil in series 
with the a.c. obtained from the sweep 
amplifiers. It is quite easy to pro- 
vide a variable direct current. A vari- 
able resistor is placed in the voltage 
divider of the low -voltage power sup- 
ply. In Fig. 23, a tapped potentio- 
meter R, is used. Thus, as the center 
arm is moved past the tap, the di- 
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FIG. 24. How a permanent centering mag- 
net is installed. 

picture tube between the focus and de- 
flection coils. Such an arrangement 
is illustrated in Fig. 24. The centering 
ring and the support assembly are 
shown here between the focus coil and 
the deflection yoke. The centering 
assembly consists of a large ring that 
can be moved forward or backward 
along the ring -support assembly. To 
center the electron beam, move the 
large ring toward the focus coil. The 
whole centering assembly is rotated 
until the beam moves to the proper 
position. Then the large ring is moved 
forward until the beam is centered. 
The present trend is, however, toward 
centering (without special controls or 
additional magnets) by adjusting the 
position of the focusing coil. 

rection of the d.c. flow through the 
coil will be reversed, reversing also the 
movement of the electron beam. Tap- 
ped centering controls are not used in 
all sets, however. In many instances, 
centering is accomplished by moving 
the focus coil. Once the correct posi- 
tion of the focus coil has been ob- 
tained for proper centering of the 
picture, the current through the coil 
may be readjusted to give correct 
focus. The focusing adjustment will 
not change the centering of the picture. 

Instead of centering the focus coil 
or allowing d.c. to flow through the 
deflection coil, centering is sometimes 
accomplished by means of permanent 
magnets mounted on the neck of the 
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A typical focus coil is shown in 
Fig. 25A. This focus coil is an elec- 
tromagnetic coil, that is, the magnetic 
field depends directly upon the current 
flowing through the winding. The bolt 
extending from the top of the focus 
coil passes through the mounting as- 
sembly, and may be tightly fastened 
to the assembly with a wing nut after 
the focus coil has been positioned. 
This holds the focus coil in place so 
that it will not be jarred out of 
position. 

Considerable current through the 
coil is usually required -100 ma. or 
more. This current, however, is easily 
obtained from the low -voltage supply 
of the receiver. When this is done, 
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a large percentage of the direct cur- 
rent required from the B supply of the 
receiver can be passed through the 
focus coil with only a slight voltage 
drop. It would, of course, be possible 
to use a permanent magnet for the 
focus coil, or to use a permanent mag- 
net to furnish most of the field and a 
small auxiliary electromagnet for fine 
focusing. 

The focusing field must be produced 
by well -filtered d.c. in order to avoid 
blurring of the spot; a.c. ripple 
through the focus coil would produce 
a changing electromagnetic field, and 
as a result the beam would go in and 
out of focus. For a typical 10 -inch 

Courtesy RCA 

FIG. 25A. Typical focus coil. 

Courtesy RCA 

FIG. 25B. Typical deflection yoke. 

picture tube about 450 ampere -turns 
are required for the focusing coil to 
obtain sharp focusing of the beam. 
For a projection tube with a very stiff 
beam, about 1000 ampere -turns are 
required for focusing. 

A typical deflection yoke containing 
the horizontal and vertical deflection 
coils is shown in Fig. 25B. This also 
slips over the neck of the tube in front 
of the focus coil as we illustrated in 
Fig. 23. 

THE ION SPOT 

One of the defects of early picture 
tubes employing electromagnetic de- 
flection was the formation of a dark 
spot in the center of the screen. This 
occurred after a few hours of use, and, 
as shown in the picture at the left in 
Fig. 26, was very objectionable. Once 
this dark spot appeared on the screen 
nothing could be done about it except 
to replace the tube. 

This dark spot is caused by a beam 
of negative ions that bombards the 
fluorescent coating at the center of 
the screen, causing that portion of the 
screen to disintegrate, and rendering it 
incapable of producing very much 
light. 

These negative ions in the electron 
stream have a much greater mass than 
the electrons, because they are much 
heavier. The ion spot can be avoided 
by using electrostatic -deflection tubes 
because the electrostatic field deflects 
these heavy ions and the lighter elec- 
trons equally well, so there is no con- 
centration of ions at the center of the 
screen and no ion spot is formed. How- 
ever, an electromagnetic field has 
little effect on the heavy ions, deflect- 
ing the electrons only. Therefore, 
when electromagnetic deflection is 
used, the heavy ions will strike the 
center of the screen, and in a short 
time will cause a dark spot to appear 
in the center of the screen. 
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Courtesy Sylruniu Electric Products, Inc. 

FIG. 26. Notice ion spot in center of the face of the tube at left. 

ION TRAPS 
There are a number of methods for 

preventing these heavy ions from 
causing a dark spot on the screen. One 
method is to use an ion trap. This ion 
trap actually traps the ions in the 
electron gun, and prevents them from 
reaching the screen. There are many 
variations of this trap used by differ- 
ent tube manufacturers, but all op- 
erate on the same principle-that an 
electrostatic field will deflect both ions 
and electrons equally well, but an 
electromagnetic field will deflect only 
electrons. 

One popular ion trap arrangement 
consists of a special construction of 
the electron gun and a magnetic ring 
assembly placed around the neck of 
the tube. The special construction of 
the electron gun is shown in Fig. 27A. 
Note that the adjacent ends of the 
first and second anodes are cut at an 
angle rather than straight across as in 
the conventional manner previously 

described. Also there is a small aper- 
ture at the end of the second anode 
through which the electrons must pass 
in order to reach the screen of the 
picture tube. In general, the first anode 
will operate at approximately 250 
volts while the second anode may 
have around 8500 volts applied to it. 
Therefore a strong electrostatic field 
exists in the air gap between these 
anodes. Because the gap between the 
anodes is slanting, the electrostatic 
field set up in the gap will not follow 
the normal axis of the tube, but will 
be slanting like the cut. The ions and 
the electrons entering this slanting 
electrostatic field will be deflected 
away from the principal axis of the 
tube, and will not get through the 
small aperture at the end of the second 
anode, being trapped in the second 
anode. In order to separate the ions 
from the electron stream we make use 
of the fact that a magnetic field will 
deflect the electrons, but has little or 
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no effect on the heavier ions. By plac- 
ing a magnetic ring on the outside of 
the tube neck, approximately over the 
gap between the two anodes, and mag- 
netizing the ring in such a way that 
magnetic flux cuts across the neck of 
the tube, the effect of the slanting 
electrostatic field on the electrons can 
be neutralized. 

By proper adjustment of the mag- 
netic ring the electrons can be made 
to return to a straight line along the 
principal axis of the tube, passing 
through the opening in the end of the 
second anode so that they can strike 
the fluorescent screen. The heavier 
ions, however, will remain trapped in 
the second anode, since the magnetic 
field has practically no effect on their 
direction of travel, and they are not 
deflected back to the principal axis 
of the tube. This action is illustrated 
in Fig. 27B. Another but smaller mag- 
netic ring usually follows the first 
one to compensate for the fact that 
the first magnet does not exactly line 
up the stream with the mask hole. 
However, in some picture tubes only 
one magnetic ring will be used. 
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FIG. 27. How a two -magnet ion trap 
works. 

ION -TRAP ADJUSTMENT 

The proper adjustment of the ion - 
trap magnet on the neck of the picture 
tube is of major importance in instal- 
ling and servicing a TV set. 

FIG. 28. If the ion trap is not properly 
adjusted, the aperture at the end of the 

second anode may be burned. 

When the ion trap is completely out 
of adjustment, the electron beam can- 
not escape from the second anode, so 
there is no raster (no screen illumina- 
tion) at all. If this condition of elec- 
tron bombardment of the second anode 
continues for long, a hole may be 
burned in this element. 

When the ion trap is in partial ad- 
justment, there will be a raster, but 
it will be dim, and may have a 
"shadow" in one corner or on one side. 
This occurs because, when the magnet 
is not in the correct- position, the elec- 
tron beam bombards the edge of the 
hole in the second anode baffle, instead 
of going through the aperture. The re- 
duced number of electrons reduces the 
raster brilliancy. Even worse, the heat 
thus produced will vaporize the metal 
of the disc, producing a non -circular 
hole as shown in Fig. 28B, and re- 
leasing gases that have a harmful 
effect on the operation of the tube. 
Some of this vaporized material may 
be deposited on the screen, causing 
permanently darkened areas. 

To avoid damage to the picture 
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tube, the ion -trap magnet should be 
adjusted immediately when the tube 
is installed in the set, and should be 
checked when the set is moved to a 
new location as the magnet may have 
been jarred out of position. 

The ion trap is adjusted until the 
brightest raster is obtained. With the 
tube operating, and with the bright- 
ness control adjusted for low intensity, 

the magnet should be moved a short 
distance forward and backward, and 
at the same time rotated until the 
combination of these movements pro- 
duces this condition of brightest raster. 
By keeping the brilliancy control at a 
low setting, the beam current is low 
enough so that the electron beam is 
not likely to damage the anode aper- 
ture before the magnet is adjusted. 

Fluorescent Screens and 
Tube Envelopes 

Now that you have seen how the 
electron beam is produced, focused. 
and deflected, let's learn more about 
the screen that produces light when 
struck by this beam. 

FLUORESCENT SCREENS 
The special chemical material that 

is deposited on the inner face of a pic- 
ture tube (in the position shown in 
Fig. 29) will produce light when bom- 
barded with a stream of electrons. The 
explanation usually offered for this 
phenomenon is that the energy of 
electron impact disturbs the electrons 
in the atomic structure of the chemical 
material, thereby making this material 
absorb energy. In returning to their 
normal state, the electrons in this 
material give off light. Any material 
that behaves in this manner is known 
as a phosphor. The production of light 
by a phosphor while being excited by 
an electron stream is called fluores- 
cence. 

The preparation of phosphor ma- 
terial for picture tubes is a highly spe- 
cialized branch of chemistry. The most 
commonly used materials are wille- 
mite and zinc sulfide. Willemite is a 
chemical made up chiefly of zinc, 

30 

silicon and oxygen, and gives a green 
to yellow fluorescence when bom- 
barded with electrons. Zinc sulfide 
phosphors are available under various 
trade names, and normally give a blue 
fluorescence. When used with small 
portions of other materials known as 
activators, the fluorescent action is in- 
creased and the color of the light is 
changed. By properly combining the 
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FIG. 29. The fluorescent screen material 
is deposited on the inner face of a picture 

tube. 

different materials, it is now possible 
to secure an almost white fluorescence. 

Decay Time. Once a fluorescent 
material is bombarded by an electron 
stream, it will continue to glow even 
after the electron stream has moved 
away or has stopped. It is possible to 
make phosphor materials that will 
glow as long as one minute after ex- 



citation, but these materials would 
hardly be suitable for picture tubes. 
In television it is desirable to use ma- 
terials that glow for very short periods 
after the excitation has been removed, 
so that an image remains almost until 
the next one takes its place, but the 
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FIG. 30. Light is emitted in all directions 
from an element of the fluorescent screen 

of a conventional picture tube. 

image should not remain long enough 
interfere with a following one. 

The glowing of a screen after re - 
oval of excitation is referred to as 
e persistence of the screen, and the 
me it takes to reduce the glow a 
rtain amount (say to 1/10 of its 

riginal brilliance) is known as the 
ecay time. By selecting a decay time 
at will give a reduction in brilliancy 
a negligible value in 3 milliseconds 

r less, one image will be almost com- 
letely dark by the time the following 

age is produced, and there will be 
o overlapping of images. The per- 
istence characteristic of a fluorescent 
creen is highly desirable in that it 
ids the persistence of vision of the 
uman eye, thereby reducing flicker 
nd helping to maintain screen bril- 

iancy. 

I II 

I I 

DAYLIGHT TUBES 
Considerable work has been done to 

mprove the amount of light obtained 
rom picture tubes. A cross-sectional 
rea of an ordinary picture tube is 
hown in Fig. 30. In this figure the 
egion in the circle is greatly mag- 

nified to show one element of the 
phosphor that is fluorescing. Light is 
emitted in all directions from the 
spot, so at least 50% of the light 
generated in the screen is emitted 
toward the electron gun in the neck 
of the tube. Another 20 to 25% is lost 
by reflection from the glass on the in- 
side of the tube face. Thus only 25 to 
30% of the total light generated passes 
through the glass face in the form of 
useful light output. 

Fig. 31 shows a tube whose screen 
is covered with a layer of aluminum 
deposited behind the phosphor crystals. 
The light that ordinarily would go 
back toward the electron gun is re- 
flected forward in the direction of 
viewing. These tubes with an alumi- 
num backing are frequently referred 
to as Daylight tubes because they can 
be viewed in full daylight. 

The metallic backing on the screen 
must be thin enough not to slow down 
the electron beam, and it should be 
optically flat so that it will reflect the 
light that is given off by the phosphor, 
thus increasing the efficiency of the 

FIG. 31. Most of the light emitted by an 
element of the fluorescent screen is di- 
rected forward if the screen has an alumi- 

num backing. 

tube. Also, the metallic backing should 
provide a conductive surface over 
which the electrons can move, pre- 
venting the screen from assuming a 
negative charge, so that maximum 
energy is available from the electrons. 

In construction, the aluminum is 
usually vaporized onto a flat inter - 
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mediate surface of organic material 
deposited on the phosphor. The or- 
ganic coating is then evaporated, leav- 
ing the new surface supported on the 
tips of the phosphor crystals. In ad- 
dition to producing far more light 
output, the aluminum backing pre- 
vents the formation of an ion spot 
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FIG. 32. Light emitted from an element 
of an unbacked fluorescent screen may 

take any of these paths. 

burn on the screen because the large 
ions cannot penetrate the aluminum to 
strike the screen. Hence, a special gun 
with an ion trap is not required with 
tubes of this type. These tubes are 
widely used for direct viewing and 
practically all projection tubes employ 
this aluminum backing, since all the 
light possible is required in proj ection. 

As shown in Fig. 30, some of the 
light reflected back into a tube with- 
out the aluminum backing will strike 
the side of the bulb, and is then re- 
flected back through the screen. This 
may cause an area that is normally 
dark to be illuminated. As a result 
the contrast will be poor. To have 
good contrast the black areas must be 
black and the white areas must be 
white with the proper shadings in be- 
tween. Thus the aluminum backing 
will, to some extent, improve the con- 
trast. 

HALATION 

As stated previously, only a portion 
of the light produced by the electrons 
bombarding the screen is visible from 
the outside. The point at which the 
beam strikes the fluorescent material 

becomes a source of visible light, and 
the produced light rays spread in all 
directions. Light rays at a large angle 
to the direct path shown as A in Fig. 
32 are reflected back and forth be- 
tween the inner and outer surfaces of 
the tube face as indicated by path B. 

Some rays from this point source go 
directly to some other point on the 
screen such as along path C to point 
X, causing excessive brightness (par- 
ticularly when point X represents a 
dark spot). This latter effect is in- 
creased by the curvature of the glass 
front plate. When relatively flat faces 
are employed, this trouble is not ap- 
parent and as stated before does not 
occur when aluminum backing is used. 

Sidewise dispersion of the light as 
shown by line B in Fig. 32 causes more 
difficulty and results in halation. This 
is illustrated in Fig. 33. Along any one 
line the effect of halation will cause 
shadowy lines to border the desired 
bright line. For this same reason there 
will be a halo around the spot if the 
beam were stationary. Focusing ad- 
justments are always made for the 
sharpest possible line with minimum 
halo. A technician must be able to 

FIG. 33. Effects of halation. 

recognize halation as an inherent de- 
fect in some picture tubes, and should 
not waste valuable time in attempting 
to correct the trouble. 

SPECIAL SCREENS 
AND FILTER GLASS 

Halation can be minimized by using 
an opaque binder with the crystals. 
The binder confines the light emission 
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Courtesy Rauland Corp. 
FIG. 34. Improvement in contrast produced by the use of a special glass for the pic- 

ture tube face is illustrated at the right. 

of each crystal to the viewing side of 
the crystal. This action prevents the 
scattering of light, and as a result in- 
creases the contrast of the picture. 

The reflection of light from the air 
surface of the glass face plate back to 
the screen, to the surface and back to 
the screen again is minimized in some 
tubes by the use of special optical 
filter glass. (One filter face of this 
type is called Teleglas; the improve- 
ment in contrast is shown in Fig. 34.) 

Ordinarily, any light falling on the 
tube face would change the blacks in 
the picture to a lighter shade, thereby 
reducing the over-all range of contrast. 
By using tubes with a filter glass face 
plate it is possible to have more il- 
lumination in the room where pro- 
grams are being viewed without the 
attendant reduction in contrast. 

At first, thin filters, sometimes of 
colored material and sometimes of 
polaroid, were used in front of the 
tubes in an effort to preserve contrast 
in an illuminated room. This cut down 
on external glare, but did not take 

care of the reflections inside the tube 
face plate that produce halation. It 
was found that by making the entire 
face plate a filter, both external and 
internal reflections could be reduced 
to a minimum. Thus, both the halation 
and the external glare are reduced by 
using optical filter face plates. 

Tubes using filter face plates are 
known as grey tubes, and sometimes 
as black tubes since the tube when not 
illuminated has a face considerably 
darker than that of the ordinary pic- 
ture tube. 

FACE SHAPES 
For viewing purposes, a flat face is 

desirable for a picture tube, but it is 
difficult to maintain sharpness of focus 
on a completely flat screen with a tube 
having a diameter of more than 10 
inches. Referring to Fig. 35, we see 
that point 0 is the apparent source 
of the electron beam after it has been 
acted upon by the deflecting system. 
The focusing system in a picture tube 
is designed to bring the beam to a spot 
of a definite area at a definite distance 
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from the focusing electrode structure. 
Thus, with proper adjustments the 
spot will be focused at point S in the 
center of the screen in Fig. 35. The 
spot will also be focused properly any- 
where along the arc 2, for all points 
along this arc are the same distance 
from the focusing system as is point S. 

If the face of the picture tube is 
made with a curvature corresponding 
to arc 2, the spot will be in focus on 
the screen at all times. Hence, a cer- 
tain amount of curvature will give 
better over-all focusing than will a. 
flat face. 

On the other hand, if a screen has 
a radius that is too short (too much 
curvature), as indicated by arc 3 in 

about 177 square inches. Multiplying 
177 by 15 gives a pressure of about 
2655 pounds on the face of the 15 -inch 
tube. 

A flat surface bends far more easily 
than does a curved surface. If a flat 
screen were used on w tube of this size, 
a slight jar or blow might be sufficient 
to cause collapse of the face. Under 
this condition the glass flys inward 
(an implosion) and then outward 
again, with sufficient force, in the case 
of the larger tubes, to cause serious 
personal injury. The use of a high - 
strength glass that is carefully an- 
nealed so that there are no strains, 
and the construction of the glass en- 
velope in such a way that there are 
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FIG. 35. Effect of screen curvature upon 
the sharpness of focus. 

Fig. 35, the image will be noticeably 
out of focus near the edges. Hence, 
such a radically curved face gives 
poorer picture quality and also is un- 
desirable to watch as the image is 
curved. In general, therefore, the face 
plates found in use will either be flat, 
or will have a slight curvature-just 
enough to provide better focus and 
give reasonable safety. 

The safety factor is particularly 
important in the' larger picture tubes. 
A picture tube has an almost perfect 
vacuum inside, and consequently the 
normal atmospheric pressure of about 
15 pounds per square inch is pressing 
against the glass envelope at all points, 
tending to collapse it. A 15 -inch di- 
ameter picture tube has a face area of 

curves rather than flat surfaces at all 
points minimize the danger of col- 
lapse. 

METAL TUBES 

The trend in TV receivers has con- 
stantly been toward larger pictures 
and less expensive receivers. The price 
of picture tubes, however, has made 
big -picture receivers expensive, since 
there is a limit to the saving that can 
be made in component parts and in 
receiver assembly procedures. 

A 16 -inch metal tube has been de- 
veloped that has made drastic price 
cuts possible for large -picture re- 
ceivers. This tube provides a picture 
size intermediate between the popular 
ten -inch picture tube and the large - 
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screen projection television systems. 
This tube is illustrated in Fig. 36. The 
envelope consists of a metal cone. To 
the large end of the cone is fused a 
slightly curved glass face plate; to 
the smaller end is fused the glass neck 
section containing the electron gun. 
The metal cone is made of a chrom- 
ium -iron alloy chosen because of its 
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FIG. 36. Cross-sectional view of a 16 -inch 
metal tube. 

excellent sealing quality. The shape of 
the cone was chosen because of its 
strength and its adaptability to mass 
production. Unique features of the 
tube are the large area of glass -to - 
metal seal between the face plate and 
the metal cone, and the stress system 
that permits the use of a relatively. 
thin face plate of uniform curvature. 

In order to fit into a wide range of 
uses, the tube was designed to operate 
either with a lower -cost power supply, 
such as is used in present 10 -inch re- 
ceivers, or at much higher voltages. 

One of the features of this tube is 
its light weight. Heretofore, large glass 
tubes have been extremely heavy, but 
the 16 -inch tube weighs no more than 
the glass 10 -inch tube. 

The metal shell serves as the anode, 
being electrically connected to the 
anode gun through a conductive coat- 
ing deposited on the inside of the glass 
neck section. The metal cone, there- 
fore, is at a high potential and is often 

covered by a plastic insulating sleeve. 
The connection is made to the anode 
at the portion of the metal envelope 
marked "anode terminal" in Fig. 36. 
The flared glass section provides elec- 
trical insulation between the deflecting 
coils that operate at ground potential, 
and the exposed metal cone surface 
that operates at a high potential. Of 
course, one should avoid contact with 
the metal shell while the receiver is 
operating because the high voltage is 
dangerous. 

Many of the dangers of implosion are 
removed by the use of the metal tube, 
since most of the flying glass comes 
from a fracture of a tube near the face 
plate. Breakage of the face plate in the 
metal tube usually will not send glass 
flying in all directions. 

Metal tubes have also been made in 
other sizes such as the 8 -inch tube and 
the 19 -inch tube. All -glass tubes, how- 
ever, will continue to be manufactured 
for a long time, and their price will 
drop as glass manufacturers find more 
efficient methods of production. 

SAFETY RULES 

As the old saying goes, "Familiarity 
breeds contempt," and many TV tech- 
nicians handle picture tubes without 
the caution that they deserve. To be 
on the safe side, respect the picture 
tube, since under some conditions they 
may be extremely dangerous. Never 
drop a tube, even from an elevation of 
a fraction of an inch. Do not slide 
a tube over any hard surface, because 
it may scratch at the bend around the 
face and so weaken the tube that at 
some future time a slight jar may 
cause an implosion. A tube should al- 
ways be placed in its carton or on a 
rack when not in use. Never subject 
a tube to sudden changes in tempera- 
ture; when a tube has been operating 
for some time, allow it to cool before 
taking it outdoors. 
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In tubes that have an outer con- 
ductive coating, remember never to 
touch this coating and the anode con- 
nector simultaneously; if you do you 
may receive a shock because of the 
charge between the inner and outer 
conductors. This shock in itself is not 
particularly dangerous, but could 
startle you sufficiently to make you 
drop the tube with a resulting im- 
plosion. To avoid such a shock, the 
anode connector should be discharged 
to the outer coating before handling 
the tube, even though it has been out 
of use for some time. 

Although it is a rare thing for a 
tube to implode, picture -tube manu- 
facturers always emphasize the follow- 
ing: "Shatter -proof goggles and heavy 
leather gloves should be worn when 
handling picture tubes. Persons not 
protected in this manner should be 
kept at a distance." Observe these 
picture -tube safety rules at all times. 

Practically all large television re- 
ceivers have a safety glass window 
over the viewing face of the picture 

tube. This window prevents accidental 
damage to the tube by objects falling 
on it, and protects the viewers from 
flying glass if an implosion occurs for 
any reason. Never remove this pro- 
tective glass window from the cus- 
tomer's receiver, even though it does 
slightly reduce the brilliancy of the 
viewed picture. 

From time to time it is necessary 
to replace defective picture tubes, and 
this brings up the problem of dis- 
posing of the old tube. Use discretion 
in the breaking up or disposal of pic- 
ture tubes. Even when put out for the 
rubbish collector be sure that they are 
broken to avoid their coming into the 
possession of children, or for that mat- 
ter, curious adults. A quick easy 
method of disposing is to seal the tube 
in its shipping carton, and then drive 
a heavy tool such as a wrecking bar 
through the side or bulb end of the 
case. Sealed shipping cartons are 
strong enough to withstand the im- 
plosion of the tube. 
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Lesson Questions 

Be sure to number your Answer Sheet 51RH-3. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. Why is the inside of the glass envelope of a picture tube coated with 
powdered graphite which is electrically connected to the second anode voltage supply? 

2. What is the purpose of varying the first anode voltage in an electro- 
static tube? 

3. Why is a variable d.c. voltage applied between the horizontal deflection 
plates and between the vertical deflection plates in an electrostatic tube? 

4. Give two reasons why several series resistors rather than a single 
resistor are used in the divider networks of some high -voltage supplies. 

5. In the deflection system used in an electromagnetic tube, will the hori- 
zontally mounted magnetic poles produce: 1, horizontal deflection; or 2, 
vertical deflection? 

6. How can you tell when the ion trap on an electromagnetic tube is 
properly adjusted? 

7. Why is an ion trap unnecessary with aluminum -backed tubes? 

8. What is accomplished by making the face plate of a picture tube also 
serve as an optical filter? 

9. Would you expect best over-all focus in a picture tube with a flat face, 
or in one with a reasonable amount of curvature? 

10. Why is it dangerous to touch the shell of a metal picture tube while the 
receiver is in operation? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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EACH DAY COUNTS 
Each day of our life offers its own reward 

for work well done, its own chance for hap- 
piness. These rewards may seem small, and 
these chances may seem petty in comparison 
with the big things we see ahead. As a re- 
sult, many of us pass by these daily rewards 
and daily opportunities, never recognizing 
that the final goal, the shining prize in the 
distance, is just a sum of all these little re- 
wards we must win as we go along. 
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INPUT 
TUNER 

VIDEO I.F. 
DEMODULATOR 

VIDEO AMPLIFIER 
D.C. RESTORER 

SYNC AMPLIFIER 
SEPARATOR 

SOUND 
CHANNELS 

PRECEDING LESSONS of this 
television series have introduced 

you to the basic idea of producing a 
picture by means of a television sys- 
tem-you have been introduced to the 
basic circuits, and have made a de- 
tailed study of the television picture 
tube. 

In this Lesson, you will continue 
your detailed study of the sections of 
a TV receiver with the section called 
the "input tuner." This section is also 
known by other names; some manu- 
facturers call it the "r.f. unit," others 
call it the "front end" or the "head 
end." Regardless of the name, it cor- 
responds to the preselector-converter 
section of a sound receiver. 

You have studied r.f. amplifiers, 
band-pass tuners, oscillators, and con- 
verters in your Fundamental Lessons, 
so in this text we shall primarily dis- 
cuss the special requirements of TV- 
the basic theory will not be repeated 
fully here. If you find that you have 
forgotten some of the fundamentals, 
review the Lessons in which they were 
presented. The better you understand 
how these sections operate, the easier 

Pass band - 
Hence, at the high carrier frequen- 

cies used in television, wide pass - 
bands are obtainable with a single 
resonant circuit having a reasonably 
low Q. For example, a circuit tuned 
to 60 mc. can pass a band of 6 mc. if 
its Q is 10 (60=6). One tuned to 210 

SWEEP 
CIRCUITS 

POWER 
SUPPLIES 

it will be to service them quickly and 
professionally. 

Duties. The input tuner, as a pre - 
selector -converter, must initially se- 
lect the desired signal and, by the 
heterodyne process, produce from it 
an i.f. signal. Hence, the input tuner 
must be tunable to the television 
channels that are in use. When tuned 
to any one channel, it should have 
sufficient selectivity to eliminate at 
least image interference; some are de- 
signed to reduce other interferences 
as well. 

The preselector must pass at least 
the full 6 -megacycle band occupied by 
each television channel. The pass - 
band depends on both the resonant 
frequency and the Q of the tuning 
circuits, as follows: 

Resonant Frequency 
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mc. can pass a 6-inc. band if its Q is 
35 (210=6). If the latter circuit had 
a Q of only 10, its pass band would be 
21 mc. wide! The loading of television 
tuning circuits is such that they have 
very low Q's, and, as a result, a 
single tuned circuit may have a pass 
band broader than is required. Band- 
pass circuits are sometimes used in- 
stead of single tuned circuits for this 
reason. 

Whatever the pass band, the res- 
ponse curve of the input tuner should 
be so shaped that it fits properly with 
the i.f. response curve. For example, 
if the i.f. response is a band-pass type 
having two peaks on either side of a 
resonance point, the response curve of 
the input tuner should have a single 
peak that occurs in the valley of the 
i.f. response; the over-all response of 
the two will then be relatively flat. 
We'll discuss this later at greater 
length. 

An input tuner cannot have much 
gain. Its gain depends on the imped- 
ance of the resonant circuit used as 
the load for the input tuner r.f. stage. 
This impedance depends upon the Q 
of the circuit, which, as we just said, 
is kept low. In addition, the converter 
has very low gain, so the over-all in - 
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put -tuner gain may be only around 
10 to 15. 

Finally, the input tuner must be 
designed to work from some specific 
transmission line (lead-in from the an- 
tenna). A transmission line has a cer- 
tain impedance (the value depending 
on the way the line is made) ; if the in- 
put impedance of the tuner does not 
match the line impedance, reflection 
effects will exist that can cause a loss 
of input and blurring of the picture. 

We shall study all these require- 
ments more fully, but first let's see 
what frequencies we are dealing with. 

TV Channels. Fig. 1 lists the 
present v.h.f. television channels. 
Each of these channels is 6 mc. wide 
and is designed to contain one com- 
plete video and accompanying sound 
signal. To identify the channels con- 
veniently, they are numbered from 
two to thirteen. Originally there was 
a channel No. 1 between 44 and 50 
megacycles; this is now assigned to 
other services, but, since many re- 
ceivers having channel selectors 
marked for channel 1 had already 
been produced by the time this chan- 
nel was abandoned, the channel num- 
bers have never been changed. Many 
television sets are still made with the 
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FIG. 1. These are the channels presently assigned to television. 
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original thirteen -channel selector with 
a "dead" channel No. 1. 

The television channels are not con- 
secutively assigned; there is a small 
gap of 4 mc. between channels 4 and 
5, and a large one of 86 mc. between 
channels 6 and 7. 

Ignoring the small gap, channels 2 
to 6 inclusive are called the "low 
band," and channels 7 to 13 inclusive 
are called the "high band" or "upper 
band." 

INTERFERENCE PROBLEMS 
Interference is more annoying in a 

television receiver than in a radio, be- 
cause the eye is far more critical than 
the ear is. Consequently, television 
sets are designed to eliminate interfer- 
ence as much as possible. Let's see 
what can be expected of the input 
tuner in this respect. 

Man -Made Interference. Inter- 
ference resulting from the operation 
of electrical apparatus can best be 
eliminated at the source, as has been 
shown in another Lesson. About all 
that can be expected of an input 
tuner in eliminating such noise is that 
it should be able to reject noise, whose 
frequency is as far from that of the 
desired signal as the image frequency 
is. Fortunately, many common noise 
sources produce relatively low -fre- 
quency interference that does not af- 
fect TV reception seriously. The most 
troublesome sources are diathermy 
(medical) instruments and ignition 
systems. 

Harmonics. The TV channels are 
subject to harmonic interference from 
other services. F.M. transmitters 
cause considerable TV interference, 
for example, because the second har- 
monic of the f.m. band (88 to 108 
mc.) is from 176 to 216 mc. and hence 
lies in the upper TV band. Of course, 
the amount of second -harmonic radi- 
ation from an f.m. transmitter is kept 

down at the station, but if the TV set 
is too close to an f.m. transmitter, it 
may pick up second -harmonic inter- 
ference from this station. Fortunate- 
ly, the second -harmonic radiation dies 
down rapidly with distance, and it 
is rather small anyway, so it is un- 
likely that there will be interference 
from very many stations in any one 
locality. 

F.M. transmitters are not the only 
ones producing interference of this 
kind. For example, second harmonics 
of the 10 -meter amateur band lie 
within channel 2. In other localities, 
other services may similarly cause 
harmonic interference. There is, of 
course, nothing that the input tuner 
can do about such interference, since 
it occurs on the same frequency as 
the channel being picked up. 

Adjacent - Channel Interference. 
The i.f. amplifier is the section that is 
supposed to keep down interference 
from stations on adjacent channels- 
the input tuner is far too broad to be 
of much help if the adjacent -channel 
interfering signal is strong. The pres- 
ent station assignments help in this by 
skipping adjacent channels in any one 
locality. Of the twelve channels, no 
more than seven are given to any one 
area. Thus, large metropolitan areas 
such as New York, Chicago, Los An- 
geles, and Washington -Baltimore are 
assigned the seven channels 2, 4, 5, 7, 

9, 11, and 13. (Note that Washington 
and Baltimore are in the same area.) 

The in-between or alternate chan- 
nels are assigned to cities between 
these localities. Thus, channels 3. 6, 
10, and 12 are assigned to Philadel- 
phia, which is about half way between 
New York and the Washington -Balti- 
more area. In any of these areas, there 
is little signal pickup from any of the 
others, and consequently the problem 
of adjacent -channel interference is re - 
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duced. In localities between these 
major centers, however, it may be 
possible for a set to pick up signals 
on adjacent channels. Thus, in a loca- 
tion half -way between New York and 
Philadelphia, it may be possible to 
receive some signals from both cities. 
However, they will be on adjacent 
channels and not on the same channel, 
so the amount of interference will de- 
pend on the adjacent -channel selec- 
tivity of the set. 

Some television receivers are pri- 
marily designed for use in the large 
metropolitan areas and are therefore 
built with somewhat less gain and 
possibly less adjacent -channel selec- 
tivity. Used in their proper localities, 
such sets are satisfactory. On the 
other hand, in outlying areas where 
signal strengths are low, and where it 
is possible to pick up stations on adja- 
cent channels, sets with more sensi- 
tivity and better selectivity are re- 
quired. These are made by changing 
the design of the i.f. amplifier. 

Images. Image interference should 
be eliminated by the input tuner, but 
only the more recent designs do so 
well. As you know, the image is above 
the desired signal by twice the i.f. For 
example, let's suppose we have a TV 
set with an i.f. pass band from 21.5 
Inc. to 26 mc. When the set is tuned 
to channel 2, the local oscillator is at 
about 81 mc., so any station between 
81 + 21.5 (102.5 mc.) and 81 + 26 
(107 mc.) will be an image and will be 
capable of feeding through the i.f. 
amplifier if it can get through the in- 
put tuner. There are f.m. stations in 
this particular frequency range; if the 
set is near one of these stations, inter- 
ference is rather likely. 

Since the Q of preselector circuits 
of TV input tuners is low to give the 
required pass band, they cannot offer 
very good image rejection, as they 

have poor selectivity. For this reason, 
many modern receivers have wave 
traps at the input of the tuner that 
permit one interfering station to be 
cut out. This will not, of course, elim- 
inate interference from another sta- 
tion on a different channel. 

If the i.f. were higher, the front end 
would be better able to cut out image 
interference because the image and 
the desired frequencies would then be 
separated by a wider band. This is 
one of the reasons for a move toward 
intermediate frequencies in the neigh- 
borhood of 40 mc. in modern sets. 
Even with this higher i.f., however, it 
is still desirable to increase the selec- 
tivity of the input tuner; for this 
reason, the use of band-pass couplers 
is becoming popular in modern sets. 

I.F. Interference. The frequency 
of the i.f.'s used in TV receivers cor- 
responds to carrier, frequencies used 
by other services. If the TV set is near 
a strong station using some carrier 
frequency in the i.f. region, it is quite 
possible for this signal to get through 
the preselector (unless it is fairly se- 
lective) and thus cause interference. 
Such interference can be eliminated 
by using a wave trap at the input of 
the set. We will describe such traps 
later in this Lesson. 

Cross -Channel Interference. Some- 
times TV signals interfere with one 
another. For example, it is possible 
for channel 7 to interfere with recep- 
tion on channel 5, as follows: 

When the set is tuned to channel 5, 
and is using an i.f. for the video car- 
rier of 25.75 mc., the oscillator in the 
set will be adjusted to 103 mc. If the 
oscillator signal radiates or is con- 
ducted to the r.f. tube grid, it will mix 
with the incoming signals. Should the 
channel 7 station be nearby and pow- 
erful, its signal may be strong enough 
to overload the r.f. stage and cause it 
to act as a first detector on these mixed 
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signals. If this occurs, a beat will be 
produced between the 103 -mc. oscilla- 
tor signal and the 179.75 -mc. sound 
carrier of the channel 7 station; this 
beat will have a frequency of 76.75 
mc., which lies in channel 5. In other 
words, when the set is tuned to channel 
5, the local oscillator may beat with a 
carrier from channel 7 and produce a 
channel 5 frequency. This beat signal 
will, of course, go through all the tuned 
circuits with the desired signal. 

This interference is gradually being 
eliminated by advances in design and 
shielding. However, in some of the 
earlier television receivers, the manu- 
facturers had to include traps to cut 
down on the r.f. grid signal from the 
local oscillator; they also sometimes 

used attenuators in the transmission 
line to cut down on the strength of the 
signal received from the interfering 
station. 

Incidentally, it is possible for a set 
to radiate a signal from its local oscil- 
lator on a frequency that can cause 
interference in nearby receivers. Any 
kind of a set (not necessarily a tele- 
vision receiver) can produce the inter- 
ference if the fundamental or har- 
monic radiation of its oscillator is in 
a channel to which a television re- 
ceiver is tuned. 

Now that you have reviewed the 
duties of a preselector-converter and 
know something about the interfer- 
ences found in television, let's discuss 
some of the special problems of TV 
input tuners. 

TV and V.I.F. Requirements 
Since the input tuner now handles 

frequencies between about 54 mc. and 
216 mc. (and will eventually go higher 
if the 500 -mc. band is opened), the 
design and layout of the circuits are 
far more critical than for, let us say, 
broadcast -band frequencies. Because 
the positioning of the parts and the 
shielding is so critical, the input tuner 
is usually manufactured as a complete 
unit on its own sub -chassis; then, 
when it is completed and aligned, this 
sub -chassis is mounted on the main 
television receiver chassis. This sim- 
plifies the problems of layout and 
shielding. 

Because of the nature of the input 
tuner, some specialty firms make com- 
plete tuners just as other firms make 
condensers, resistors, tubes, and other 
parts. For this reason, you will find 
that a particular tuner may be used 
on several different brands of tele- 

vision receivers. Since only a few 
firms specialize in making these tun- 
ers, and not very many receiver manu- 
facturers make their own, only a few 
basic types of tuners are now in use. 
We shall study each of these after we 
learn more about the problems and 
requirements of tuners. 

INTERNAL NOISE 

The television picture is greatly af- 
fected by even small amounts of noise, 
and because the eye is very sensitive 
to such degrading of the picture, con- 
siderable effort is made to get a high 
signal-to-noise ratio at the output of 
the set. The ultimate limit on this 
ratio (in the absence of interference) 
is the noise level in the input tuner. 
(Incidentally, the sound is f.m. and 
is not affected by small noise levels; 
it is the amplitude -modulated picture 
signal that is upset.) 
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Let's see what the sources of noise 
in the tuner are. 

Thermal Agitation. You are fa- 
miliar with the fact that heat causes 
an agitation of the electrons within 
materials-in fact, if the heat is great 
enough, electrons will be emitted from 
the material. That is why electrons 
are emitted from the cathode of a 
vacuum tube. 

Even at room temperatures, there 
is an agitation of the electrons in all 
conductors, so there is an irregular 
and random electron motion within all 
parts of a receiver. When signal or 
supply currents flow through these 
parts, they are varied or modulated 
by these irregular motions; as a result, 
a noise component is added to the 
signal. 

The hotter it gets, the greater this 
noise becomes. TV sets run warmer 
than sound receivers because they 
have many more tubes and transform- 
ers, so this thermal agitation is higher 
in them than in sound receivers. 

The amount of this noise depends 
on the band width and on the resist- 
ance of the parts being affected as well 
as on the temperature. 

The random electron motion that 
causes the noise occupies an infinite 
frequency band-some electrons move 
at very slow or audio rates, whereas 
others move extremely fast. There- 
fore, since the noise energy is scat- 
tered throughout a very wide fre- 
quency band, the amount of noise 
energy that we get will depend upon 
how much of the frequency band is 
being handled by the system at that 
time. The wider the pass band, the 
greater the amount of noise energy 
passed, and hence the higher the noise 
voltage. As an example, assuming 
room temperature, an amplifier with 
an input resistance of 1 megohm and 
a pass band of 10,000 cycles may have 

a noise voltage of 10 to 15 microvolts 
-about what is developed in the in- 
put circuit of a broadcast band re- 
ceiver r.f. stage. If we have the same 
input resistance for a band width of 
about 6 mc., we will find that the 
noise level will be up over 200 micro- 
volts. This large increase is produced 
entirely because we are covering a 
wider band and therefore are collect- 
ing more of the noise energy. 

Such a noise level is avoided in TV 
by limiting the resistances or imped- 
ances in the input circuit of the r.f. 
stage to low values around 300 to 
10,000 ohms, which are required any- 
way to provide the impedance match- 
ing and tuned -circuit loading that we 
need. Such low resistances limit the 
thermal noise to 10 or 15 microvolts 
even at TV band widths. 

It is particularly important to keep 
the noise down in the first r.f. stage, 
because this is the stage in which the 
signal is weakest. Once the signal has 
been amplified by the first stage, noise 
added by succeeding stages (except 
for the converter) has little effect on 
the signal-to-noise ratio. 

Tube Noise. The tubes also con- 
tribute considerably to the total noise. 
One cause of tube noise is that the 
electrons traveling to the plate have 
a random variation or fluctuation. In- 
stead of moving as a steady, regular 
stream, they tend to travel in bunches; 
hence, there are variations in the rate 
at which they arrive at the plate of 
the tube. The average of this electron 
flow is the plate current. The fluctu- 
ations above this average constitute 
noise. When amplified, this noise 
sounds as if the plate were being bom- 
barded with pebbles, or as if a shower 
of shot were falling upon a metal sur- 
face. It is therefore called "shot 
noise." 
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The internal tube noise also de 
pends upon the number of elements 
that are drawing current. There is a 
random distribution of this fluctuat- 
ing noise energy between the plate and 
the screen grid, for example, with the 
result that the plate current noise is 
doubly varied-in fact, the noise level 
in the average pentode is about 3 to 5 
limes as great as that in a triode pro- 
ducing an equivalent amplification 
This has caused many designers to use 
triode tubes in input tuners. 

These internal tube noises arise in 
the plate circuit. In determining the 
input signal-to-noise ratio, tube noises 
are referred to the grid circuit by the 
relationship : 

eg=ip -Gm 
where eg is the equivalent noise volt- 
age that would cause the noise plate 
current i,. This voltage eg combined 
with the thermal agitation noise gives 
the effective noise at the input of the 
set. Once again, keeping the input 
impedance low reduces the effects of 
the noise. Also, notice that tubes with 
higher G. (mutual conductance) ef- 
fectively have less equivalent input 
noise, another reason for using such 
tubes in TV. 

Converter Noise. As we mentioned, 
the only amplifier noise of importance 
is that generated in the input tube and 
its grid circuit, because here the signal 
is the lowest. However, there is an- 
other troublesome noise source in the 
mixer -detector stage. Here the usual 
internal tube noise is increased be- 
cause the oscillator signal varies the 
detector plate current so that it is 
near zero part of the time, and at 
such times the noise component is a 
greater portion of the total signal. 
Therefore, any tube used as a mixer - 
first -detector will have a far greater 
noise level than the same tube will 
when it acts as an amplifier. As a 

matter of fact, both triodes and pen- 
todes have about four times as much 
noise when used as mixer -detectors as 
when used as amplifiers. The penta - 
grid -converter tubes commonly used 
in sound radio receivers have such 
high noise levels that they are not 
used in TV sets. 

INTERELECTRODE CAPACITIES 

At the v.h.f frequencies handled by 
the input tuner, the designer has to 
worry about tube characteristics other 
than mutual conductance, plate resist- 
ance, and amplification factor. A very 
important consideration is the tube 
interelectrode capacity. 

You will recall from your funda- 
mental studies that capacities exist 
between the tube elements, as shown 
in Fig. 2. Considering just the basic 
capacities themselves, you can see 
from Fig. 2 that the capacity Cm; be - 

FIG. 2. The inter -electrode capacities of 
a triode (A) and of a pentode (B). 

tween the grid and cathode is across 
the input and is itself shunted by sev- 
eral combinations of other capacities. 
For example, in the triode in Fig. 2A, 
the grid -plate capacity and the plate - 
cathode capacity in series are also 
across the input. The output of the 
stage is similarly shunted, this time 
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primarily by the plate -cathode ca- 
pacity with the other two in series. 

The input capacity of the pentode 
(Fig. 2B) is primarily the grid -cath- 
ode capacity shunted by the capacity 
CGso between the grid and screen grid. 
This comes about because the screen 
grid is effectively tied to the cathode 
through a by-pass condenser (Ci) in 
all practical circuits. Certain other 
capacities are present in pentodes. 
These, however, are diminished be- 
cause of the presence of the suppres- 
sor grid and screen grid, which is why 
they are shown by dotted lines. 

At the output of the pentode, the 
capacity between the plate and sup- 
pressor grid, in combination with the 
plate -screen -grid and such plate - 
cathode capacity as exists, represents 
the output capacity. 

At broadcast -band frequencies, these 
capacities are troublesome enough, 
but in the tuning range used in tele- 
vision, ordinary tube types have far 
too much capacity. Even miniature 
tubes, in which the capacity is re- 
duced by making the tube elements 
physically smaller, by shortening the 
leads from the elements to the socket, 
and by removing the base dielectric 
material, have appreciable interelec- 
trode capacities at television frequen- 
cies. Hence, it is customary in most 
television receivers to use the internal 
tube capacities as the tuning capaci- 
ties, dispensing entirely with a tuning 
condenser. In such cases, variable 
inductances are used to get the final 
alignment to the desired frequency. 
This is the only way that a desirable 
L -C ratio can be maintained. If we 
tried to use tuning condensers, there 
would be so much capacity in the cir- 
cuit that we would have to use ex- 
tremely small inductances-and we 
are already down to values that are 
represented by straight pieces of wire! 

Miller Effect. The input capacity 
of a triode is actually far larger than 
just the internal tube capacity, be- 
cause there is an interaction between 
the output and input circuits through 
the grid -plate capacity. The signal 
voltage developed across the load 
feeds back through the grid -plate ca- 
pacity to the input with the result 
that the grid -plate capacity acts as if 
it were increased by as much as the 
amplification factor of the tube. The 
exact amount of this increase depends 
on the stage gain and on whether the 
load is purely resistive or has a re- 
active component. However, the result 
is that if the gain of the stage is high, 
the input capacity is effectively much 
increased. This apparent increase in 
the input capacity is known as the 
"Miller" effect. This effect is not very 
important in the pentode, because it 
has only a small grid -plate capacity. 

The output capacity is not ampli- 
fied this way. However, the load is in 
parallel not only with the output ca- 
pacity of one tube but also with the 
input capacity of the next tube, so 
this shunting capacity can have a con- 
siderable effect on the load also. 

INPUT RESISTANCE 

Another problem at v.h.f. is that a 
tube often acts as if it had a low re- 
sistance between the grid and the 
cathode. You may recall from an 
earlier Lesson that the feedback 
through the grid -to -plate capacity can 
cause this effect in a triode. However, 
at TV frequencies, transit time and 
inductive cathode leads produce far 
more trouble of this kind, even with 
pentodes. 

Transit Time. You will recall that 
problems arise because it takes a cer- 
tain finite time-called "transit time" 
-for electrons to move from the cath- 
ode to the plate of a tube. 

8 



As long as the frequency is low 
enough so that electrons can get 
through the tube before the grid can 
change appreciably in voltage, the 
plate current is unaffected ' by the 
transit time through the tube. How- 
ever, at very high frequencies, the grid 
voltage changes so rapidly that an 
electron may be acted on by a con- 
siderable part of a grid -voltage cycle 
before escaping the influence of the 
grid. Thus, an electron being speeded 
on its way by a positive grid may not 
get so far away that the following 
negative grid swing will not slow it 
down. Similarly, an electron that is 
first retarded by a negative grid ac- 
tion may be speeded up by the follow- 
ing positive swing. As a result, elec- 
trons tend to bunch up in the tube 
space, traveling in "clouds" rather 
than in a fairly steady stream. As a 
cloud of electrons approaches the grid, 
the negative charge of the cloud 
causes electrons to be forced out of 
the grid; then, as the cloud moves 
away, electrons flow back toward the 
grid. A current flow is produced in 
the grid circuit by this electron move- 
ment, just as if there were a low resist- 
ance between the grid and cathode 
elements within the tube. 

This effect is quite remarkable in 
a tube having a long transit time. For 
example, a pentode tube that is com- 
monly used in sound receivers may 
have an input resistance of several 
megohms at broadcast -band frequen- 
cies, but at around 100 megacycles it 
may act as if its input resistance were 
only 1000 to 2000 ohms. Such a drop 
in the input resistance would obvious- 
ly load the input circuit heavily. 

The answer is, of course, to reduce 
the transit time as much as possible. 

Obviously, if the spacing between 
the cathode and the plate is reduced, 
it will take an electron traveling at a 

fixed rate a shorter length of time to 
travel the distance. Making tubes 
with smaller cathode -plate spacing is 
therefore one way to reduce transit 
time. A triode can be made better 
than a pentode in this respect, because 
the pentode must have a large enough 
cathode -plate space to accommodate 
three grids. Modern miniature pen- 
todes are still usable at the TV fre- 
quencies in use today, but if television 
transmission eventually moves up into 
the u.h.f. bands around 500 mc., en- 
tirely different tube structures will 
become popular. 

Cathode -Lead Inductance. As you 
know, even a straight piece of wire 
has some inductance, small though it 
may be. At TV frequencies, the in- 
ductance of a straight piece of wire 
begins to become important. 

In one television receiver, for ex- 
ample, a straight piece of wire pro- 
vides inductive coupling between two 
circuits. This piece of wire is in one 
circuit, and the second resonant cir- 
cuit is tapped on the wire about two 
inches from the grounded end. These 
two inches of wire provide sufficient 
common inductance to the two cir- 
cuits to give band-pass coupling! 

Because lead lengths are so ex- 
tremely important in TV sets, the 
input tuner has to be designed as a 
complete unit, with all wiring care- 
fully taken into consideration. It isn't 
practical to replace parts haphazardly 
in such a tuner, because any disturb- 
ance whatever in the lengths of leads 
or their positioning could easily throw 
the tuner completely out of alignment 
on the upper channels. In fact, many 
input tuner r.f. amplifiers are aligned 
by bending the inductance wires. (Of 
course, this is a factory job-not 
something a serviceman should try ! ) 

The tubes used in input tuners to- 
day are almost invariably the minia - 
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ture types so that the lengths of the 
leads from the elements to the circuit 
are as short as possible. However, as 
shown in Fig. 3A, the cathode lead 
(between the actual cathode and the 
cómmon point of connection to the 
grid and plate circuits at the tube 
socket) has a certain amount of in - 

FIG. 3. To eliminate the coupling be- 
tween the plate and grid circuits caused 
by the inductive effects of the cathode 
lead (A), many TV tubes have 
cathode leads (B). Sketches (C) 

(D) show practical circuits. 

two 
and 

ductance. The a.c. plate current flow- 
ing through this inductance will cause 
a voltage drop across it. This voltage 
will reduce the input voltage just as 
if the grid were drawing more current. 
Effectively, then, the grid input resist- 
ance is again reduced, thus further 
loading any input device there may 
be between grid and cathode. 

To reduce the effects of an inductive 
cathode lead, many of the tubes spe- 
cifically designed for use in TV and 
f.m. receivers have two leads coming 
from the cathode to the tube pins (see 
Fig. 3B). Now, if the a.c. plate cir- 
cuit is attached to one terminal and 
the grid return to the other, the in- 
ductive drop will no longer matter. 
Although there is an inductance in 
each lead, the a.c. plate current gets 
to the cathode through one lead, and 
the grid is connected to the cathode 
by the other, so the voltage drop 
caused by the plate current is not 
applied to the grid circuit. 

Practical circuits are shown in Figs. 
3C and 3D. Fig. 3C shows the con- 
nection used when a separate source 
of C bias is employed. Fig. 3D shows 
how it is possible to get self bias with 
such a tube. Remember that it is not 
the d.c. plate current but the a.c. or 
signal plate current that causes the 
trouble. Therefore, as shown in Fig. 
3D, B- can be connected to the cath- 
ode lead to which the grid circuit is 
connected provided the plate and 
screen -grid by-pass condensers go to 
the other cathode lead. When these 
connections are made, the a.c. signal 
returned from the plate and screen 
circuits goes directly to the cathode, 
and only the d.c. plate current is in- 
volved in producing the C bias. 

In servicing TV receivers, you will 
have to watch out for connections like 
this. Although both pins 2 and 7 of 
the tube are connected to the cathode, 
it is very important that the respec- 
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tive grid- and plate -circuit by-pass 
condensers be connected to the proper 
pins. Hence, in replacing a by-pass 
condenser, not only must you position 
it properly and keep its leads to the 
same length as those of the one you 
are replacing, you must also connect 
it to identically the same points in 
the set. 

Originally, input tuners almost al- 
ways used a tuned -plate circuit in the 
r.f. stage rather than a tuned -grid cir- 
cuit. Although the latter is preferable 
because it makes it easier to eliminate 

strong interference, the excessive load- 
ing and the high input capacities both 
tended to prevent the proper use of a 
tuned -grid circuit. However, since 
cathode -lead inductance effects and 
input capacity effects have been over- 
come by proper tube design, more 
manufacturers have begun to use 
tuned -grid circuits. 

Now that you understand some of 
the problems involved in the design 
of input tuners, let's study some prac- 
tical r.f. and converter stages. 

The R.F. Stage 
As you have learned, the r.f. stage 

of a TV set must be designed so that 
its impedance matches that of the 
transmission line, to have as much se- 
lectivity as possible, and at the same 
time to maintain an adequate pass 
band. In addition, it should have as 
much gain as possible so that there 
will be a good signal-to-noise ratio 
when the input is low. Every bit of 
gain ahead of the converter is impor- 
tant when weak signals are being re- 
ceived, because any such gain increases 
the signal strength so that the con- 
verter noise is easier to overcome. 
(Even at best, however, the amount 
of gain obtainable at the r.f. level is 
small-the television set depends on 
the i.f. amplifier for most of its gain, 
just as sound receivers do.) 

Even though the loads used in TV 
tuners are much lower than those that 
are generally used with pentodes, a 
pentode will still give more gain in 
an r.f. stage at TV frequencies than 
a triode will. However, as we have 
pointed out, the triode is far less noisy. 
Also, transit time effects are some- 
what worse in the pentode, making it 

have lower input resistance than the 
triode. 

Because of the importance of reduc- 
ing noise in TV tuners, designers 
would probably prefer the triode to 
the pentode even though the pentode 
gives more gain. However, the triode 
tube, because of grid -to -plate feed- 
back, either requires neutralization or 
must be used in a grounded -grid cir- 
cuit. 

Neutralization. Fig. 4 gives two 
examples of neutralized triode ampli- 
fiers. In Fig. 4A is a neutralization 
system for a single tube, in which the 
condenser CN feeds back part of the 
energy from the plate tank to the grid 
circuit so as to counteract that coming 
through the internal grid -plate ca- 
pacity. 

In Fig. 4B is shown a circuit for a 
push-pull triode amplifier. Such push- 
pull circuits have been used by a 
number of manufacturers for several 
reasons, one of which is that the input 
capacities are in series across the in- 
put, an arrangement that effectively 
cuts the net capacity in half. This 
arrangement also gives a "balanced" 
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FIG. 4. Two kinds of neutralized triode 
amplifiers. 

input and permits neutralization with- 
out the loss of loading that is caused 
by the tapped coil in Fig. 4A. 

In Fig. 4B, the condensers C1 and 
C2 are the neutralizers. C1 is con- 
nected from the plate of VT1 to the 
grid of VT2i and C2 is connected from 
the plate of VT2 to the grid of VT1. 
Because of the phases across the reso- 
nant circuit C3 -L1, these two condens- 
ers provide the proper neutralization 
feedback. 

Neutralization will work over a 
very wide number of channels only if 
the different tuning coils are carefully 
designed to provide the proper feed- 
back ratio. To avoid such problems, 
many sets use the grounded -grid am- 
plifier instead. 

Grounded -Grid Circuit. As you 
will recall from your studies of funda- 
mental r.f. stages, the standard 
(grounded -cathode) stage shown in 

Fig. 5A has the signal source between 
the grid and ground. In the grounded - 
grid circuit in Fig. 5B, the signal is 
between the cathode and ground, and 
the grid goes directly to ground. Inso- 
far as the grid action is concerned, 
either position of the signal source 
will produce the same result, because 
it is the voltage between the cathode 
and the grid that matters. However, 
the grounded -grid circuit shown in 
Fig. 5B has the control grid at ground 
potential, so that it effectively acts 
as a shield between the signal source 
and the plate. As a result, the grid - 
plate capacity no longer provides a 
feedback path, so neutralization is 
generally unnecessary. However, the 
grounded -grid circuit usually gives 
less gain than does a neutrodyne, be- 
cause the signal source is in the plate 
circuit and hence effectively feeds into 
a low resistance. The signal source 
is therefore heavily loaded, and if it 
is a tuned circuit, its Q and gain will 
be lowered. 

FIG. 5. This illustration shows the basic 
difference between the common ground- 
ed -cathode amplifier (A) and the ground- 

ed -grid amplifier (B). 
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Thus, neither the triode nor the 
pentode is markedly superior to the 
other for use in the r.f. stage of a TV 
set; the pentode gives more gain, but 
is noisier. As a result, both kinds of 
tubes are used in modern sets. The 
pentode is perhaps slightly more pop- 
ular, but there are a number of triode 
circuits used, which makes the r.f. 
circuit of a TV set quite different from 
that of a sound receiver. 

Now, let's study the input and out- 
put connections of the r.f. stage. 

INPUT CONNECTIONS 
...The input of the r.f. amplifier is 

connected to a two -conductor trans- 
mission line that is used to feed a sig- 
nal from the antenna to the receiver. 
Another Lesson will go fully into the 
theory of television antennas and 
transmission lines. Briefly, however, 
we can say that the television antenna 
acts as a low -impedance source and 
that the transmission line has a 
"surge" impedance that depends upon 
the size of the conductors and the 
spacing between them. It is chosen so 
that its surge impedance will effect 
some compromise match with the an- 
tenna impedance for maximum power 
transfer. 

At the receiver, it is quite impor- 
tant that the surge impedance of the 
line be matched by the input of the 
set. If the receiver end of the line is 
not matched, the energy coming down 
the line will not all be absorbed, and 
some will be reflected back up the line. 
This energy will then be reflected 
again at the antenna unless there is a 
perfect match here, with the result 
that the signal will appear a second 
time at the receiver end of the trans- 
mission line. This second signal will 
at least cause blurring of the original 
signal and may produce what is known 
as a "ghost" (a second image, much 
weaker than the original image and 

displaced to the right from it, on the 
screen of the picture tube). Of course, 
any such blurring and ghosts are very 
undesirable. They can be reduced or 
eliminated merely by matching im- 
pedances at the input of the receiver. 

Types of Lines. Physically, the 
transmission lines now used consist of 
two types, one known as twin -lead and 
the other as coaxial cable. 

The twin -lead type consists of two 
parallel wires embedded in a plastic 
insulation. Each wire goes to one leg 
of a dipole or doublet antenna as 
shown in Fig. 6A. To reduce inter- 
ference pickup to a minimum, neither 
wire is directly grounded; instead, 
they are connected to ground through 
equal impedances so as to give a "bal - 

ANTENNA 

o 

ANTENNA 

FIG. 6. Schematic representation of (A) 
twin -lead and (B) coaxial transmission 

lines. 

anced" input at the set. Any currents 
caused by interference picked up by 
the conductors in the line will flow in 
opposite directions through the input 
device to ground, so they will tend to 
cancel. The desired signal does not 
go to ground so it does not cancel. 
Even with this interference cancella- 
tion feature, however, these lines still 
may feed in considerable interference. 

The coaxial line consists of a wire 
surrounded coaxially by and insulated 
from a hollow flexible braid or tube of 
metal. The wire is one conductor and 
the outer shell the other. Its connec- 
tions are shown in Fig. 6B. The outer 
shell of the coaxial line is always 
grounded; it therefore acts as a shield 
and virtually eliminates interference 
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pickup. Because one conductor is 
grounded, the coaxial line produces an 
unbalanced input. 

Although the coaxial line has the 
advantage of eliminating interference 
pickup, twin -lead is preferred in many 
locations where interference is not a 
problem because it attenuates the sig- 
nal less. Of course, the impedance of 
the line is also an important consid- 
eration. Either type could be made 
to have almost any desired impedance, 
but manufacturers have practically 
standardized on a twin -lead having an 
impedance of about 300 ohms and on 
a coaxial line having an impedance of 
72 ohms. Therefore, practically all 
television receivers are made for one 
or the other of these two values, or 
both. 

Balanced Inputs. If a balanced 
transmission line is used, the lines 
must be kept at equal impedances 

with respect to ground. The grid cir- 
cuit of a tube is ordinarily unbalanced 
in that whatever is connected to the 
grid has its other end directly con- 
nected or by-passed to ground. Fig. 
7A shows how a balanced transmission 
line can be fed through a transformer 
input to an unbalanced grid circuit. 
The primary coil L, has a center tap 
that goes to ground, so the impedance 
between ground and each wire of the 
line is the same. Any noise voltage 
that is developed between the line and 
ground will cause currents that will 
flow from point 1 to ground and from 
point 2 to ground (or vice versa). 
Since these currents will flow in oppo- 
site directions through the two halves 
of L their inductive effects will vir- 
tually cancel. The desired signal volt- 
age, since it is applied across the 
transmission line by the antenna, will 
cause current flow through the whole 

TO GAIN 
CONTROL 

FIG. 7. Methods of coupling a balanced transmission line to various input circuits. 
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of L1 (from 1 to 2 or from 2 to 1, but 
not from either point to ground). 

This desired signal current will in- 
duce a voltage in L3. (Sometimes a 
tank circuit L2 -C1, shown by dotted 
lines in Fig. 7A, is placed so that the 
signal will be inductively transferred 
from L1 to L2 and thence to L3. In this 
case, the tank circuit is tuned to the 
desired frequency by C1.) 

The load the transmission line 
"sees" is the impedance, as it appears 
through the transformer, of R1 
shunted by the input impedance of 
the tube. If the turns ratio and cou- 
pling of the transformer L1 -L3 are 
properly chosen, any value of R1 can 
be matched to the transmission line. 
Since the transmission line impedance 
is 300 ohms, the usual practice is to 
make R1 this value also, in which case 
the input impedance of the tube is of 
little importance. Then, the L1 -L3 
transformer is made to match 300 
ohms directly to 300 ohms. 

Should L3 be made resonant, R1 
would be whatever value was neces- 
sary for loading the tuned circuit, and 
the transformer would be designed to 
provide the necessary match. If L3 is 
untuned, it must cover the television 
band and must be carefully designed 
tó prevent the input capacities from 
causing resonance at an undesired 
point. 

Coil L3 is coupled to the grid 
through blocking condenser C2 be- 
cause a gain -control voltage is being 
fed through R1. We'll go into this gain 
control later in this Lesson. 

Some manufacturers use different 
input coils for the low and the high 
television bands, particularly when a 
tuned input is employed. In such a 
case, a switching arrangement like 
that shown in Fig. 7B is desirable. 
When the switches are in the position 
shown, the low -band coils L1 and L2 

are energized. When the switch is 
thrown, the high -band coils L3 and L, 
are connected into the circuit. With 
this arrangement, the electrical con- 
nections will be like those shown in 
Fig. 7A except for the switching. 

Fig. 7C shows the means of feeding 
from a balanced transmission line into 
a push-pull r.f. stage. Here, the center - 
tapped coil L1 balances the transmis- 
sion line to ground. Resistors R1 and 
R2 are 150 ohms each; their total im- 
pedance (300 ohms) matches that of 
the transmission line. 

Blocking condensers C1 and C2 are 
needed because a gain -control voltage 
is fed through R1 and R2. 

Coil L1 is not really necessary in 
this circuit, because the resistors could 
provide the balance to ground for the 
transmission line. However, if it is 
properly chosen, the coil can help re- 
duce interference. Since its inductive 
reactance depends on the frequency, 
it can be made to be practically a 
short circuit at frequencies below the 
low TV band, thus almost eliminating 
signals of these frequencies, and yet 
be enough above the resistor values in 
impedance at TV frequencies so that 
the line will be matched. 

Notice that a push-pull input is al- 
ready balanced, so a transformer be- 
tween the line and the grids is not 
necessary if the resistor values match 
the impedance of the transmission 
line. 

Fig. 7D shows how it is possible to 
get a balanced input to a single tube 
without using a transformer. Practi- 
cally speaking, this is a combination 
of a grid -fed and a grounded -grid cir- 
cuit in that the input signal across the 
upper half of L1 is fed to the grid and 
that across the lower half of L, is fed 
to the cathode. Resistors R1 and R2 
together match the transmission line, 
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FIG. 8. Ways of coupling an unbalanced 
transmission line to various input circuits. 

and coil L1 provides the balance to 
ground, as before. 

Although we have shown triode 
tubes in these figures, pentodes are 
also used in the same circuit arrange- 
ments. 

Unbalanced Inputs. When a co- 
axial line having a grounded shield is 
to be used, an unbalanced input ar- 
rangement is necessary. Since the grid 
circuit of a tube is naturally an un- 
balanced input, it can be connected 
directly to a coaxial line as shown in 
Fig. 8A. Here, resistor R1 is chosen 
to match the line impedance, which is 
usually 72 ohms. 

The grounded -grid circuit shown in 
Fig. 8B is more commonly used when 
an unbalanced input circuit is wanted. 
As you will observe, the signal is now 
fed into the cathode circuit. A some- 
what more elaborate arrangement for 
a grounded -grid input is shown in 
Fig. 8C. Here, coil L1 is again used to 
act as a low impedance for frequencies 
below the TV bands and thus to re- 
duce interference. The load for the 
transmission line is a combination of 
R1 and coil L2. This particular com- 
bination of an inductance and resist- 
ance may be used to eliminate a pos- 
sible capacitive unbalance, thus keep- 
ing the loading on the transmission 
line more nearly constant over the 
desired frequency range. 

Of course, the grounded -grid con- 
nection is most commonly used with 
triode tubes. The circuit shown in Fig. 
8A is the one that would more prob- 
ably be used with a pentode. A coil 
like L, in Fig. 8C may be added to 
this circuit. 

Dual Inputs. In receivers that use 
a transformer input, it is possible to 
match either the 72 -ohm coaxial line 
or the 300 -ohm twin lead. The ar- 
rangement is shown in Fig. 9. The 
coupling between L, and Lz is adjusted 
so that a resistor (not shown) con- 
nected to L2 appears as a 300 -ohm 
impedance across L1. Therefore, the 
impedance of a 300 -ohm line will be 

FIG. 9. Some sets (A) have dual inputs 
to which a balanced or an unbalanced line 
may be connected. The transformer (B) 
can be used to connect an unbalanced 

line to a balanced input. 
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matched if the line is connected to 
terminals 1 and 3 of L1. 

When the impedance appearing 
across the whole coil is 300 ohms, the 
impedance across half the coil is one - 
quarter this value, or 75 ohms. This 
is close enough to 72 ohms for all 
practical purposes, so the impedance 
of a 72 -ohm line will be matched if 
the line is connected to terminals 1 

and 2 (or 2 and 3) of coil L1. Basi- 
cally, therefore, a receiver with a dual 
input is actually a balanced -input re- 
ceiver so arranged that an unbalanced 
line may be matched to it. 

The balanced input of a set having 
an input circuit like those in Figs. 7C 
and 7D can be preserved by inter- 
posing a transformer like that shown 
in Fig. 9B between the set and the line 
when a 72 -ohm unbalanced line is to 
be used. This transformer matches 72 
ohms to 300 ohms. Such transformers 
are available because some sets are 
designed only for balanced inputs, and 
local noise conditions may be such 
that a shielded transmission line is 
necessary. It is also possible to re- 
verse this transformer if a 300 -ohm 
twin lead is to be used on a set de- 
signed for a coaxial line. This would 
happen only if a special antenna were 
being used. 

Wave Traps. Since it is undesir- 
able to amplify interfering signals any 
more than is necessary, it is common 
practice to plaoe wave traps in the 
input coupling to reduce the strength 
of such interferences. Such wave traps 
are arranged to act as short circuits to 
the undesired signal. Fig. 10 shows 
how such wave traps may be con- 
nected to the input. Fig. l0A shows 
a balanced line connection, in which 
resistors R1 and R2 load the line, and 
coil L3 provides the ground connec- 
tion. There are two wave traps (L1 -C1 
and L2 -C2) used here, one between 

each side of the line and ground. Both 
traps are tuned to the interfering fre- 
quency. Since they are high -Q series - 
resonant circuits, they are practically 
short circuits at their resonant fre- 
quency but offer a fairly high imped- 
ance at other frequencies. Therefore, 
they short out the undesired signal but 
affect other signals very little. 

These traps are sometimes tuned to 
interfering signals occurring in the i.f. 

TO GAIN 
CONTROL 
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FIG. 10. Two ways in which wave traps 
can be used. 

pass band, or to f.m. stations, or even 
to the second harmonic of the oscilla- 
tor if co -channel interference is a 
problem. 

The connection shown in Fig. 10B 
is for an unbalanced line. It operates 
in the same manner as the one in Fig. 
10A, but only a single trap is used. 

GAIN CONTROL 
You may have noticed that the 

schematics given so far of the r.f. stage 
usually indicate that the grid return 
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goes to a gain -control voltage source. 
Later, when we take up other stages, 
we will show that the gain of the r.f. 
stage is not varied in most TV sets 
until the input signal is so strong that 
it threatens to overload the mixer or a 
later i.f. stage. In other words, the 
gain of the set is controlled primarily 
in the i.f. amplifier. If the signal is 
very strong, however, the r.f. stage 
gain may have to be reduced to pre- 
vent overloading. 

Incidentally, many television re- 
ceivers have a manual control, where- 
as others use an automatic gain con- 
trol that is practically identical to 
automatic volume control (a.v.c.) cir- 
cuits used in sound receivers. 

Also, when you study antennas and 
transmission lines, you will find that 
even this method of gain control may 

FIG. 11. Two forms of resonant coup- 
ling used between the r.f. and converter 

stages. 

prove unsatisfactory in locations very 
near a powerful television station. In 
such cases, resistive voltage dividers 
called attenuators are inserted in the 
transmission line to decrease the sig- 
nal from the powerful station to a 
level that can be comfortably handled 
by the set. 

COUPLING TO MIXER 
Because of the difficulties with input 

resistance, and the requirement of 
transmission -line matching, many TV 
sets do not use input tuning. However, 
whether input tuning is used or not, 
all TV sets use resonant coupling be- 
tween the r.f. and converter stages. 
Some use only a parallel resonant cir- 

FIG. 12. The desired over-all response 
(A) of the r.f. and video i.f. sections can 
be secured by matching the response of 

the two sections (B). 

cuit as the plate load,, but many use 
some form of band-pass coupling. 

Fig. 11A shows a basic tuned -plate 
coupling. We need tuning to give ini- 
tial selectivity and whatever image 
rejection the set may have. Once 
again, however, we must compromise 
between gain and selectivity. It would 
be quite desirable to use a high - 
impedance load for the r.f. tube so as 
to get sufficient gain, but we could not 
then get the necessary band width for 
fidelity. In the circuit shown in Fig. 
11A, the resistor R1 loads the tuned 
circuit to broaden its response, making 
the resultant load for VT1 quite small. 
If the detector bias is obtained from 
a grid -leak action, the grid resistor R1 
should have reasonably high resist- 
ance. In such cases, the arrangement 
shown in Fig. 11B may be used. Here, 
the resistor R1 loads C1 -L17 and grid 
resistor R2 can then be a higher value. 
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If the i.f. response is properly de- 
signed, this problem is not difficult. 
We must pass a band of about 6 
megacycles, but we need not get flat 
amplification over this entire band if 
the video i.f. response is designed to 
make up deficiencies in the r.f. re- 
sponse. Fig. 12A shows the over-all 
response desired for the r.f. and video 
i.f. stages. (This curve is non -sym- 
metrical because trap circuits are used 
to reject the sound and adjacent -chan- 
nel signals.) This response can be ob- 
tained by a combination of an i.f. 
response and an r.f. response like 
those shown in Fig. 12B. Notice that 
the r.f. response can have a single 
peak that is compensated for by a dip 
in the i.f. response. 

Before leaving the parallel resonant 
circuit, let us point out that it is im- 
portant that you realize the effect of 
shunting capacities. For example, the 
diagram of one set has the circuit 
connections shown in Fig. 13, except 
that Co is not on the schematic. Con - 

FIG. 13. Although internal tube capaci- 
ties are not marked on schematic dia- 
grams, they are actually part of the 

circuit in r.f. sections of TV sets. 

denser C1 is a trimmer condenser and, 
with coil L1f apparently constitutes 
the tuned circuit. This looks like a 
series -resonant circuit, which would 
offer minimum impedance at reso- 
nance. Actually, however, the internal 
tube capacities of tube VT1 and the 
input capacities of VT2, which are 
represented by condenser Co, are in 

parallel with L1. (Since schematic dia- 
grams do not show internal tube ca- 
pacities, you must be careful to re- 
member that this capacity exists when 
you are analyzing operations at TV 
frequencies.) As a result, what ap- 
pears to be a series resonant circuit is 

FIG. 14. Basic band-pass circuits. 

actually a parallel resonant one, 
which it must be to provide the proper 
load for VT1. 

Even with the tubes used in tele- 
vision sets, the capacity of Co is so 
high that it is hard to get reasonable 
sizes for L1 in the high band. There- 
fore, condenser C1 is added in series 
with L1 so that it is effectively in series 
with Co. Since C1 is a small capacity, 
and since the capacity of condensers 
in series is always less than the small- 
est, adding it to the circuit effectively 
reduces the capacity of Co enough to 
make the combination provide the 
proper tuning capacity for a coil L, 
of practical size. Because C1 is a trim- 
mer condenser, it may be used to com- 
pensate for such variations in Co as 
may exist in different receivers. 

Band -Pass Coupling. Some manu- 
facturers make the r.f. stage have a 
band-pass response that is flat-topped 
and about 6 megacycles wide by using 
two resonant circuits that are tuned 
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to the same frequency and are coupled 
to give the appropriate response. 

Basic band-pass circuits are shown 
in Fig. 14. In Fig 14A, the two reso- 
nant circuits consist of L1 -C1 -C3 and 
L2 -C2 -C3. Condenser C3 is common 
to both resonant circuits, and the drop 
across this condenser provides the 
coupling between the two circuits. Re- 
sistors load each resonant circuit to 
make the over-all response flatter. 

Another form of coupling is shown 
in Fig. 14B. Here, a link consisting of 
coils L3 and L4 provides the coupling. 

It is also possible to couple two 
resonant circuits through a third one 
that is tuned to resonance at a mid 
point, thus providing a three -peaked 
response characteristic. In general, 
however, band-pass units follow the 
standard a.m. practice that you have 
studied in your fundamental Lessons. 

The Converter Section 
The converter section of a television 

receiver, like that of a radio, consists 
of a mixer -detector and an oscillator, 
which together produce an i.f. signal 
from the incoming signal. The penta - 
grid converter is commonly used in 
sound receivers for both these func- 
tions, but the oscillator is always a 
separate tube in television sets (al- 
though it may be in the same envelope 
as a mixer -detector), principally be- 
cause the pentagrid converter is a 
poor oscillator at TV frequencies and 
is extremely noisy. 

Let's study the requirements of a 
mixer -detector a little more fully. 

MIXER -DETECTOR 
One of the most important sources 

of noise in a radio is the mixer -detec- 
tor. The internal tube noise in this 
stage is considerably higher than in 
the average amplifier, even when both 
use the same tube. Both pentodes and 
triodes used as mixer -detectors are 
about four times as noisy as they are 
when used as amplifiers. Since, as you 
have already learned, pentodes are 
generally noisier than triodes, the lat- 
ter are more commonly used in mixer - 
detector circuits. Pentodes are used 
only where there is sufficient gain in 

the r.f. amplifier or where the signal is 
normally so strong that the converter 
noise can be completely over -ridden. 

The gain we can expect from a 
mixer -detector stage depends upon the 
load in the plate circuit and upon 
what is known as the conversion con- 
ductance of the tube. The conversion 
conductance expresses the efficiency of 
the tube as a detector; it is equivalent 
to transconductance except that it is 
always less-only about one -quarter 
of the actual transconductance in the 
case of triodes. We must use this spe- 
cial term because, when a tube is act- 
ing as a detector, we are interested not 
in the total change in plate current 
but in that part of the plate current 
that represents the desired i.f. signal. 
All other a.c. components of the plate 
current, such as signals at the original 
and oscillator frequencies, and various 
harmonics of all these, are undesirable 
and are by-passed. With normal effi- 
ciencies of operation, therefore, we 
find that a tube used as a converter 
gives only about one -quarter of the 
gain that it would as an amplifier. 

CIRCUIT TYPES 
The standard mixer -detector is fed 

at its grid by both the oscillator signal 
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and the incoming signal from the tun- 
ing arrangement at the output of the 
r.f. stage. The oscillator signal may 
be connected to the grid circuit 
through a link coupling to the tuned 
circuit, or it may be fed in through a 
coupling condenser. 

The converter is usually self -biased 
by a grid -leak and condenser, because 
it is desirable to ground the cathode 
circuit. Except for this and for the 
use of triode (or pentode) tubes, the 
mixer -detector in a TV set is much 
like that in a sound receiver. 

FIG. 15. A push-pull input, parallel out- 
put converter stage. 

An interesting variation is the type 
shown in Fig. 15. Here, coil L2 is one 
of the preselector circuits; it is tuned 
by the input capacity of the two tubes 
VT1 and VT2 that together act as the 
detector. Coil L3 feeds the incoming 
r.f. signal into L27 and L. feeds in the 
signal from the oscillator. The con- 
verter bias is obtained from the drop 
across resistor R17 which uses C1 plus 
stray circuit capacity as its grid con- 
denser. Transformer T1 is the first i.f. 
transformer, both windings of which 
are tuned. The primary of T1 is a 
parallel resonant circuit that uses the 
output capacities of the two tubes as 
its tuning capacity. 

The signals from L3 and L. are ap- 
plied to both tube grids simultaneous- 
ly. When the two signals are mixed 
and detected, the beat products (i.f. 
signal) at the two plates will be in 
phase. Therefore, the tube plates are 
connected in parallel to the primary 
of T1. As far as the individual input 
components (the r.f. input signals and 
the oscillator signal) are concerned, 
however, the two grids are being fed 
in push-pull; therefore, the two plate 
current components resulting from 
each input component will be out of 
phase, and, because the plates are 
connected in parallel, these plate -cur- 
rent components will cancel. In other 
words, the output of the stage will 
contain neither of the original input 
signals-only their difference fre- 
quency, which is the desired i.f., and a 
few undesired harmonics. This push- 
pull input, parallel output connection 
also tends to cancel any incoming in- 
terfering signals at the i.f. frequency, 
because they are fed to the grids in 
push-pull just as the desired incoming 
signal is. 

I.F. Trap. The combination L1 -C1 
and the halves of L2 form a series - 
resonant circuit from each grid to 
ground. The upper half of L2 plus 
L1 -C, is the circuit for VT1, and the 
lower half of L2 plus L1 -C1 is the 
series circuit for VT2. These circuits, 
which are made resonant to the i.f. 
frequency, serve two important pur- 
poses. 

One is that they keep the two tube 
grids at a very low impedance with 
respect to ground at the i.f. frequency. 
Therefore, interfering signals at the 
i.f. frequency cannot drive the grids 
much. 

Another important purpose they 
serve is to prevent oscillation in the 
mixer. With triode mixers, feedback 
from the plate to the grid circuit could 
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make the stage oscillate at the i.f. fre- 
quency. This could occur because the 
resonant input circuit consisting of 
coil L2 and the input capacities is 
tuned to the incoming signal, which is 
higher than the i.f. in frequency. 
Hence, this circuit is inductive at the 
i.f. frequency, which means that feed- 
back through the grid -plate capacity 
will be applied to the grids in the 
proper phase to cause oscillation at 
the i.f. frequency. As we said earlier, 
however, the series resonant circuits 
keep the impedances between the grid 
and ground very low at the intermedi- 
ate frequency; therefore, whatever i.f. 
feedback exists from plate to grid is 
unable to develop more than a very 
small grid signal, so oscillation will not 
occur. 

A similar oscillation problem exists 
even with a single -ended triode stage, 
so almost all triode TV converters 
have such series trapping arrange- 
ments to prevent an i.f. voltage from 
being developed at the grid. These 
traps are unnecessary in converter 
stages using pentodes, since such tubes 
have very little plate -to -grid capacity. 

OSCILLATORS 
The oscillator is inductively or ca- 

pacitively coupled to the first detector 
by the usual methods. In general, as 
in standard radios, the oscillator sig- 
nal should be about ten times the 
strength of the incoming signal so that 
linear mixing will occur without dis- 
tortion of the modulation of the input 
signal. 

In most modern TV receivers, the 
oscillator is above the incoming fre- 
quency by the amount of the i.f. fre- 
quency. There are a few exceptions, 
however. 

In one of these, the oscillator is 
above the signals on the low band but 
is below those on the upper band. This 
switch is possible only because the 

set in question uses an "intermodula- 
tion" sound system, which we shall 
study elsewhere. When the "standard" 
sound system is employed, the oscilla- 
tor must either be above all incoming 
channels or below all, so that the 
proper intermediate frequency will be 
produced. 

Even though the band widths of 
television i.f. amplifiers are broad, 
they must have sharp sides to give 
reasonable adjacent -channel selectiv- 
ity. Therefore, since the signal fills 
the whole band width, a considerable 
portion of the signal would be cut off 
if the oscillator frequency should drift 
even slightly. Temperature -compen- 
sated parts are commonly used in the 
oscillator circuit to help minimize this 
drift. Most generally, a temperature - 
compensated condenser is added to the 
tuning circuit. It is possible to make 
such a condenser either increase or 
decrease in capacity with changes in 
temperature. Therefore, the manufac- 
turer determines how the oscillator 
circuit of a run of sets tends to drift, 
then installs a compensated condenser 
that drifts the other way. As a result, 
the net oscillator drift is minimized 
(though seldom eliminated complete- 
ly). 

Tuning. There are two basic tun- 
ing systems-continuous tuning much 
like the ordinary manual tuning of 
sound receivers, and step tuning much 
like the push-button systems of sound 
receivers. 

In the continuous tuning systems, 
variations in the oscillator frequency 
can be compensated for by retuning. 
This may mean that a compromise 
position is used that detunes the pre - 
selector to keep the oscillator in step, 
but this won't matter much if the pre - 
selector is sufficiently broad. 

When step tuning is used, the oscil- 
lator is aligned approximately for 
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each channel by the parts inserted by 
the switching mechanism. Then, to get 
the oscillator to the exact frequency, 
it is standard practice to include some 
means of adjusting the oscillator. 
Manually, this may be done by what 
is called the "fine-tuning" control, 
which is a small variable condenser 
in the resonant circuit that acts as a 
trimmer. This may be adjusted from 
the front of the set when necessary. 

Instead of a fine-tuning control, a 
number of television receivers use 
automatic frequency control (a.f.c.) 
to adjust the oscillator. The control 
voltage, which is obtained from the 
discriminator in the sound channel, is 
coupled to the oscillator tuning cir- 
cuit. Let's review automatic frequency 
control briefly. 

A.F.C. As you learned in your 
fundamental Lessons, an a.f.c. system 
consists of a discriminator circuit that 
determines whether the oscillator cir- 
cuit is producing the proper i.f. fre- 
quency with the incoming signal. If 
it is not, the discriminator produces a 
voltage that can be used to control the 
oscillator frequency through what is 
called the control tube. This control 
tube is a tube that is set up to act as a 
capacity or as an inductance; it is 
connected across the oscillator reso- 
nant circuit and can therefore be used 
to shift the frequency of the oscillator. 

A typical circuit diagram is shown 
in Fig. 16. Here, VT, is the discrim- 
inator in the sound system of the tele- 
vision set. Briefly, the signal from the 
resonant circuit C, -L, is coupled by 
mutual inductance into the L2 -C2 res- 
onant circuit, and, through blocking 
condenser C5, the same signal is also 
applied to coil L3. As a result, two 
different voltages are applied to each 
diode plate of VT, in such a way that 
the two diode plate voltages are exact- 
ly equal at resonance. When these 

plate voltages are equal, the diode 
currents through R, and R2 are also 
equal. Since these currents flow in 
opposite directions, and since the re- 
sistors R, and R2 through which they 
flow have the same resistance, the re- 
sulting voltage drops across these 
resistors are equal and opposite. 

Tube VT2f the oscillator, is used in 
an ultra-audion circuit. Tube VT3f 
the control tube, is connected to the 
oscillator tank in such a way that it 
always draws a current that is out of 
phase with its plate voltage-in other 
words, the tube acts like a reactance. 

FIG. 16. A typical a.f.c. system. 

In the particular circuit shown, it is 
adjusted so that it acts like a con- 
denser. 

If the oscillator frequency drifts, 
the i.f. signal produced in the sound 
channel and applied to VT, will not 
be the correct i.f. to which the tank 
circuits C1 -L1 and L2 -C2 are tuned. 
The voltages will then be different on 
the two diode plates, with the result 
that there will be a net control voltage 
across R, and R2. This voltage will 
change the bias applied to VT$7 there- 
by either raising or lowering the plate 
current so that the tube acts like a 
bigger or smaller capacity, whichever 
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is needed to retune the oscillator to 
the correct frequency value. 

The action of this circuit was cov- 
ered in detail in one of your earlier 
Lessons, to which you should refer if 
you wish a fuller explanation. At the 
moment, all you need to remember is 
that a drift in the oscillator frequency 
can be automatically corrected by an 
a.f.c. system. 

OSCILLATOR CIRCUITS 
As you learned in your fundamental 

Lessons, television receivers most 
commonly use the ultra-audion oscil- 
lator. This is the variation of the 
Colpitts oscillator in which the inter- 
nal tube capacities set the feedback 
voltages. In addition, the tuned -plate 
push -push oscillator is used in a few 
sets, and the Hartley oscillator in a 
very few. 

One of the reasons why the ultra- 
audion oscillator is so popular in tele- 
vision sets is the fact that the Miller - 
effect capacities are small in this 
circuit. At the frequencies involved, 
the tuning capacities needed are quite 
small, so the tube and circuit capaci- 
ties must be kept down. 

For example, in the ultra-audion 
circuit shown in Fig. 17A, the internal 
tube capacities are across the resonant 
circuit L1 -C1 as shown by the dotted 
lines. Effectively, the Cpx and CGK 
capacities are in series, so the net ca- 
pacity is less than that of the smaller 
of this pair. The grid -plate capacity 
Cap is also across the tank circuit, but 
only as it exists in the tube; in a 
tuned -grid or tuned -plate oscillator 
having an inductive load, this capac- 
ity would be multiplied by as much 
as the gain of the tube because of the 
Miller effect. Therefore, the total 
amount of capacity shunting the tuned 
circuit in Fig. 17A is less than it is in 

a tuned -grid or tuned -plate oscillator, 
so, for fixed sizes of the tank circuit 
parts, it is possible to tune this ultra- 
audion circuit to higher frequencies 
than can be reached with either a 
tuned -grid or a tuned -plate oscillator. 

Fig. 17B shows the capacities shunt- 
ing the tuned circuit in the tuned - 
plate push -push oscillator. Here the 

FIG. 17. Internal tube capacities in the 
ultra-audion circuit (A) and in the tuned - 

plate push -push oscillator (B). 

plate -cathode capacities of the two 
tubes are effectively in series, an ar- 
rangement that reduces their effects 
considerably. Although the feedback 
condensers Cz and C3 provide paths 
for the grid -plate capacities to be in 
shunt with the tuned circuits, these 
feedback condensers are small enough 
to prevent the grid -plate capacities 
from having too much effect. 

In all TV oscillators, the internal 
tube capacity does affect the fre- 
quency by being part of the tuning 
circuit. When it becomes necessary to 
replace an oscillator tube, it is neces- 
sary that one be found that has inter- 
nal capacities not too far different 
from those of the original tube, or else 
the receiver may not tune over the 
proper range. Hence, it may be neces- 
sary to try several tubes to find one 
that permits the normal tuning range. 
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Tunmg Systems 
Now that you have a general under- 

standing of the circuits used, let's 
study some of the physical details of 
input tuners. 

We have already mentioned that 
each of these tuners is on its own sub - 
chassis, which is mounted on the main 
chassis after the input tuner has been 
assembled and aligned. Operating 
voltages are obtained from the low - 
voltage supply of the receiver. To 
prevent leakage of the r.f. and oscilla- 
tor signals, R -C filters are used in the 
B+ leads (and, of course, the unit is 
shielded). The by-pass condensers 
used must be non -inductive, so it is 
fortunate that small by-pass values 
are effective at these frequencies. In 
the r.f. and i.f. sections, the by-pass 
condensers are usually ceramic or 
mica types rather than paper. The 
ceramic types are preferred because 
of their small physical size. Inciden- 
tally, these condensers closely resem- 
ble resistors in size and shape, so don't 
identify them wrongly when you 
examine a TV receiver. 

FIG. 18. Filtering systems used with 
(A) parallel and (B) series filaments. 

Appreciable by-passing of the B+ 
leads is secured juct by running these 
leads next to the chassis, so don't 
move leads carelessly in TV sets! 

The filament leads of input tuners 
are elaborately by-passed and filtered. 
Fig. 18A shows the choke and con- 

denser combination used for parallel 
filaments; Fig. 18B shows a series fil- 
ament filter. These filters prevent 
stray r.f. from traveling through the 
filament leads to other sections of the 
set. 

Mechanically, tuning systems may 
be divided into continuous tuners and 
step tuners. A continuous tuner uses 
a variable inductance or a variable 
condenser and is so arranged that it 
tunes over a complete band of fre- 
quencies that includes all TV channels. 

In one form of continuous tuner, 
the tuning mechanism tunes all the 
way from about 50 megacycles to the 
upper end of channel 13. This means 
that it covers a number of other chan- 
nels too, including the f.m. band. A 
set with this kind of tuner can there- 
fore be used as an f.m. radio receiver 
when it is tuned to this band. 

Other "continuous" tuners are actu- 
ally two -band tuners in that they tune 
through the low band, and then a 
switch is thrown (sometimes auto- 
matically) to allow them to tune 
through the high band. In these sets, 
the intervening bands assigned to f.m. 
and other services are not tuned in. 

A step tuner has some form of 
switching mechanism that throws in 
resonant circuits (in both the oscilla- 
tor and preselector) that are tuned to 
the respective television channels. 
Some of these switches are rotary 
types, some are slide switches, and 
some are push-button arrangements, 
but they are all arranged to connect 
in the necessary resonant circuits, 
which have been pretuned to the de- 
sired channels. 

Now let's study the continuous 
tuner in more detail. 
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Courtesy P. R. Mallory and Co., Inc. 

FIG. 19. This is the Mallory Inductuner 
(Trademark registered U.S. Patent Of- 
fice) that is used in several brands of 

TV sets. 

CONTINUOUS TUNER 
One of the very popular continuous 

tuning systems used by a number of 
set manufacturers contains the Mal- 
lory Inductuner that is shown in Fig. 
19. This tuning unit consists of three 
coils wound on ceramic forms that are 
mounted on a single insulated shaft. 
A sliding contactor or shoe rides in 
"trolley" fashion between the coil wire 
and a plate, and maintains a constant 
contact between the two. As the tun- 
ing mechanism rotates the coil, this 

shoe moves along the coil, thus short- 
ing out an increasing number of turns. 
This system of shorting the induc- 
tance makes it possible to vary the 
total inductance from approximately 
one microhenry to .02 microhenry, 
which is a change of about 50 to 1. 

This provides a very wide tuning 
coverage-the unit covers the entire 
low and high band as well as the f.m. 
band in between. 

Fig. 20 shows a schematic of an in- 
put tuner that uses the system shown 
in Fig. 19. The black box encloscs the 
three coils that are the variable por- 
tion of this tuner. 

Tube VT, is a grounded -grid r.f. 
amplifier. The signals are fed into the 
cathode. Since this is an unbalanced 
input, a coaxial transmission line will 
be used. 

The load for VT, is a band-pass 
tuner. One section consists of Ls -LI - 
C3 -C4, and the other consists of 
L. -1,2-05-C.. Since C. is common to 
both circuits, it provides the coupling 
between the two sections. Resistor R3 

TO I.F. 
TRANSFORMER 

8+ 

FIG. 20. The schematic of an input tuner in which the Mallory Inductuner is used. 
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loads one section of this tuner, and 
R. loads the other. Condensers C2 and 
06 are d.c. blocking condensers. 

Tube VT2 is the mixer -detector. 
Notice that it is a pentode. 

The oscillator tube VT2 uses the 
ultra-audion circuit. The tuning in- 
ductance consists of L7 in parallel with 
a series combination of L5 and Le. 

Condenser 010 plus the internal ca- 
pacities of the tube provide the 
capacity. 

When this circuit is aligned at the 
factory, the tuning inductances L3, 

L and L5 are set at minimum induct- 
ance, and the inductances .l, L2f and 
L6 are adjusted to bring in channel 
13. The oscillator frequency is then 
higher than that of the incoming sig- 
nal. It is possible to get an alignment 
at another television channel by ad- 
justing C91 C5, and C3o, and then 
adjusting C. to change the coupling 
between the band-pass sections. Some 
of these adjustments can be made 
only by the manufacturer. 

Obviously, this continuous tuner 
provides a very simple front-end con- 
struction. The only basic difficulty 
with it is the fact that a number of 
spurious responses are obtainable at 
various points over the tuning range. 
Once the receiver owner learns to ig- 
nore all but the correct response 
points, which are approximately 
marked on the tuning dial, this ar- 
rangement is quite satisfactory. Hav- 
ing the device tunable through the 
f.m. range means that the receiver 
can also be used as a sound receiver 
for f.m. signals. When this is desired, 
a switch can be thrown to cut off the 
picture tube and its associated circuits. 

TWO -BAND TUNERS 
In the second form of continuous 

tuning, the band over which the set 
will tune can be selected by throwing 

a switch. In this form, all those fre- 
quencies between the lower and the 
upper band are skipped, a fact that 
makes a somewhat different design 
possible. Some two -band continuous 
tuners of this kind use variable in- 
ductances, and some use variable con- 
densers. Let's study both briefly. 

Variable Inductance. A variable - 
inductance tuner is shown in Fig. 21. 
In this unit, the coils are made of flat 
copper ribbons wound spirally around 
the coil forms. The tuning arrange- 
ment varies the permeability by mov- 
ing powdered -iron cores in and out of 
the coil forms. These cores are me- 
chanically ganged so that they move 

Courteay Belmont Radio Corp. 

FIG. 21. A variable - inductance 2 -band 
continuous tuner. 

in unison as the receiver is tuned. A 

spiral gear arrangement, driven from 
the tuning knob, moves the insulated 
plate on which the cores are mounted 
toward or away from the coils. 

The schematic diagram of a set 
using a tuning arrangement of this 
kind is shown in Fig. 22. Starting at 
the antenna terminals, you will ob- 
serve that this receiver is designed 
for a balanced input and has a high - 
low switch that permits the proper 
coils for each of the bands covered to 
be thrown in. The primary of the 
antenna coil feeds into a tuned sec- 
ondary, which is somewhat unusual 
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CONNECT ALL ITEMS TO A 
COMMON GROUND POINT AS 

SHOWN. 

in television. The pentode r.f. tube is 
coupled to a pentode mixer through a 
parallel -resonant circuit. With the 
switch in the high position as shown, 
the coil T3 is the plate tuning induct- 
ance; it is tuned by the output ca- 
pacities of the r.f. tube in parallel with 
the input capacities of the mixer. To 
reduce the effects of this capacity, and 
to make it possible to adjust for dif- 
ferences in tubes, the trimmer C6 is 
connected in series with T3. 

When the switch Sl -C, is thrown to 
the low position, coil T. becomes the 
tuning inductance. This is shunted 
by additional tuning capacity C9 and 
is loaded by RR. 

The oscillator is again our familiar 
ultra-audion type, with a separate 
resonant çirçuit for each band. 

TWISTED 
PAIR 

FIG. 22. The schematic diagram 
of a set using the continuous tuner 

shown in Fig. 21. 

Variable Capacity. Fig. 23 shows 
a tuner that uses variable condensers. 
This is somewhat similar to the tun- 
ing condenser with which you are fa- 
miliar on sound receivers except for 
the unique arrangement whereby a 
large capacity variation is obtained. 
As shown in Fig. 24, this unit is so 
constructed that there are two tuning 
condensers in series for each tuning 
section of the condenser. Since con- 
densers in series always have a ca- 
pacity less than that of the smallest, 
and since both of these are varied 
simultaneously by the tuning control, 
the range is greatly extended over that 
of the usual tuning condenser. Fur- 
thermore, the amount of capacity is 
quite small considering the sizes of 
the plates that are used. 
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Courtesy Howard W. Sams and Co., Inc. 

FIG. 23. A variable -capacity two - band 
continuous tuner, made by the General 

Instrument Corporation. 

In the particular unit shown in Fig. 
23, arband-change switch is actuated 
by the tuning control when the control 
is moved from channel 6 to channel 
7 (or vice versa) . To mark the proper 
positions for each channel, this tuner 
has a notch or detent cut so that the 
person tuning the unit can feel the 
"bump" as the correct position is 
reached. 

The particular tuner shown uses a 
band-pass preselector that has induc- 
tive coupling between the sections. 

Dust and grime must not be allowed 
to accumulate on the plates of a va- 
riable condenser used in a TV set. 
Although ordinary sound receivers 
may work satisfactorily with heavy 
accumulations of such particles, a tele- 
vision receiver can be considerably 
upset by their presence. Dust shields 
are necessary. 

The tuners we have described so far 
were originally developed for individ- 
ual set manufacturers, but most are 
now used by other manufacturers as 
well. Therefore, you can usually ex- 
pect to find the same tuner used in 
several different receivers. Even when 
the same tuner mechanism is used, 
however, it is possible for the manu- 

facturer to change the electrical cir- 
cuit. For this reason, it is always 
advisable to consult the manufactur- 
er's manuals whenever you have to 
service these units. 

STEP TUNERS 
There are many different kinds of 

step tuners that are designed to tune 
directly to specified television chan- 
nels. All involve some form of switch 
-a rotary -selector switch, a sliding - 
turret switch, or a push-button unit. 
Basically, regardless of the switching 
mechanism, there must be an arrange- 
ment whereby the inductance, the 
capacity, or both are changed in each 
resonant circuit to tune in the proper 
channel for each switch position. 

Incidentally, receivers vary some- 
what in regard to the number of chan- 
nels to which they will tune. Most 
manufacturers who use a step tuner 
arrange it so that it will tune to all 
twelve of the channels in use today. 
This permits them to ship their sets 
anywhere, with the expectation that 
all the local television stations can be 
picked up. However, a few manufac- 
turers save a little on the cost of their 

FIG. 24. This special arrangement pro- 
vides a large capacitive variation in the 

tuner in Fig. 23. 

receivers by making them tune to only 
seven or eight channels. Since no lo- 
cality at the present time has more 
than seven channels assigned to it, the 
manufacturer need supply only this 
number of tuning circuits. The dis- 
tributor or local dealer then adjusts 
the set to receive the local channels 
before he delivers it. 

Since adjacent channels are never 
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used in the same locality, most such 
sets use a "choice" arrangement. For 
example, one switch position may be 
adjusted to tune to either channel 12 
or channel 13. The local dealer or 
serviceman merely makes sure that 
whichever of the two channels is in 
use locally is the one the set is ad- 
justed for, and so on down the line. 

As was mentioned earlier, all step 
tuners only approximate the proper os- 
cillator frequency. In order to set the 
oscillator exactly to the correct fre- 
quency, either a fine-tuning control or 
a.f.c. will be used. 

Let's now look over some typical 
step tuners. 

ROTARY SWITCHES 
Fig. 25 shows one of the most wide- 

ly used types of rotary switch selec- 
tors. In this unit, tuning to lower - 
frequency channels adds inductance 
to the circuit. The inductance coils 
are arranged right on the switch decks. 

The schematic diagram of a tuner 
that uses this system is shown in Fig. 

Courtesy Radzo Maintenance Mayer ne 

FIG. 25. One of the switch decks used 
in the r.f. section of an RCA tuner. The 
inductance for the high band is provided 
by the semi -circular loop of metal at the 

bottom of the deck. 

Courtesy RCA 
The side view of the tuner in which the 

switch deck in Fig. 25 is used. 

26. The selector switch blades slide 
along the contacts numbered from 
channel 1 to channel 13. (Channel 1 

is commonly indicated as a "position" 
on the selector switches, although it is 
no longer assigned to television.) 

Let's run through the circuit. Start- 
ing at the antenna terminals, we first 
come to balanced wave traps L82 -C22 
and C21 -L81. These wave traps are 
used to tune to any station that may 
be interfering. Choke Ti is used to 
reduce signals having frequencies 
lower than the lowest television chan- 
nel. Resistors R3 and R13 load the 
transmission line and provide signals 
to the grids of the push-pull r.f. tri- 
odes. Since triode tubes are used here, 
neutralizing condensers C-3 and C4 
are necessary. 

When the selector switch is set for 
channel 13, the tuned circuit in the 
plate of the push-pull r.f. stage con- 
sists of coils L25 and L26. As the 
selector is tuned to other channels, 
additional inductances are added in 
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series with each of these coils. The 
added "inductances" for the upper 
channels (L13 to L24) are actually 
just short pieces of wire soldered be- 
tween the switch terminals. 

As the switch is moved from chan- 
nel 7 to channel 6, the inductances 
L11 and L12 provide the rather large 
frequency change from 174-180 mc. to 
82-88 mc. Then the coils L10 to L1 
are added for the lower channels. 
Even here, the inductance needed is 
quite small, so these coils are wound 
in a "figure -eight" form so as to have 
minimum inductance. Effectively, this 
tuner is just a tuned line except for 
the inductances L11, L12, L25, and 
L26. 

<R4 
51000 

22 

f80 

LI 

R. Pr. UNIT 

15 LS 17 L9 Lt1 

The tube capacities form the ca- 
pacitive element. The only adjustable 
parts are coils L25 and L26 for chan- 
nel 13 and L11 and L12 for channel 
6. To make adjustments for any other 
channel, the manufacturer must short- 
en, lengthen, or bend the wires form- 
ing the inductances. 

Coupling to the grid circuit of the 
converter tube V2 is through coupling 
condenser C13 for channel 13. For 
other channels, additional couplings 
are provided, first through a link cou- 
pling and then through two additional 
coupling condensers for lower chan- 
nels (where more coupling is neces- 
sary). 
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FIG. 26. The schematic diagram of the tuner in which the switch deck shown in 
Fig. 25 is used. 
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FIG. 27. Another kind of circuit in which a rotary selector switch is used. 

In addition, since the coils are 
mounted on switch wafers, there can 
be additional inductive coupling be- 
tween the coil units if this is wanted. 

In any event, the tuned -plate r.f. 
circuit is coupled to a tuned -grid con- 
verter, which forms a band-pass tuner. 
The converter input for channel 13 
consists of the coils L51 and L52, 
which in turn are tuned by the input 
tube capacities. The grid resistor R6 

has an i.f. wave trap connected across 
it, designed so that L80, C14, and the 
channel tuner coils act as a series - 
resonant circuit at the i.f. frequencies. 

The plates of the converter tubes 
are connected in parallel. Transformer 
T2 is both the i.f. transformer and a 
sound trap used to take the sound 
signal from the output of the con- 
verter. That is, the primary of trans- 
former T2, along with the tube ca - 
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pacities, is a parallel -resonant circuit 
across which the sound and video i.f. 
signals are developed. The video sig- 
nal is fed through coupling condenser 
018 to the video r.f. amplifier, and 
the sound signal is taken from the 
secondary of transformer T2. 

The oscillator is a tuned -plate push - 
push type. The oscillator signal is 
fed to the converter through a cou- 
pling link. 

Many other circuits may be ob- 
tained using such a rotary selector 
switch. One of these is shown in Fig. 

r 

rangement of the switch and the coils 
is otherwise the same. 

EIGHT -POSITION SWITCH 
The same basic switch used in the 

last two examples can be used in a 
set that is intended for coverage of 
only seven or eight bands. An ex- 
ample of such a tuner is shown in Fig. 
28, and its schematic is shown in Fig. 
29. In this particular receiver, the 
selector switch is wired to coils that 
are mounted individually on the set 
chassis. This is one of the few ex - 

Courtesy Motorola, Inc. 

FIG. 28. The set in which this tuner is 
used can be tuned to only eight channels. 

27. In this particular circuit, the in- 
put feeds in through an antenna 
matching transformer that permits 
either balanced or coaxial transmis- 
sion lines to be used. Then the signal 
is fed through a series of traps into a 
tuned -grid circuit in which a pentode 
is used. The plate circuit of this tube 
also has a resonant circuit, which is 
band -pass -coupled to the grid tuning 
of the converter stage. The converter 
is also a pentode. The oscillator is a 
tuned -plate push -push type. 

Although the electrical connections 
are quite different, the same basic 
switching arrangement is used here 
that is used in the circuit in Fig. 26. 
Extra sections are used to short-cir- 
cuit unused coils, but the general ar- 

amples of this kind of wiring used in 
television. 

As you can see from the schematic, 
the input is designed for either the 
balanced or unbalanced type of trans- 
mission aline. From the line, the signal 
is fed through a coaxial loop to a bus- 
bar wire that acts as the coupling in- 
ductance. That is, the bus -bar wire 
acts as the primary coupling induct- 
ance, and the secondary windings are 
soldered to this wire at carefully cal- 
culated spacings along the wire. This 
circuit uses a tuned -grid pentode r.f. 
amplifier, which feeds into a parallel - 
resonant plate circuit that in turn 
feeds .the converter. 

The oscillator is an ultra-audion 
type. The switching arrangement ap- 
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FIG. 29. The schematic diagram of the tuner shown in Fig. 28. 

pears somewhat complex because one 
section of the switch connects the de- 
sired coil into the circuit and another 
section of the switch short-circuits all 
the coils that are not used, effectively 
removing them from the circuit. 

Notice that the oscillator is some- 
what unusual in that a separate coil, 
rather than a series -coil arrangement, 
is used for each of the bands. 

FIG. 30. What 
Courtesy Philco 

a turret tuner looks like. 

As we mentioned earlier, this par- 
ticular arrangement is such that the 
set can be aligned to whatever seven 
channels are in use in any one locality. 

Turret Tuner. Fig. 30 shows an 
example of an entirely different type 
of switch selector. In this one, there 
is a rotary turret on which several 
plates are mounted. Attached to each 
plate are the inductances needed to 

Courtesy Edwin I. Guthman and Co. 

FIG. 31. Another kind of turret tuner. 
In this, the turret moves horizontally. 
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Courtesy Hallicrafters 

FIG. 32. A push-button tuning arrangement that can be used for all channels. 

tune the preselector and oscillator to 
one channel. These inductances, in 
each case, are connected to contactor 
points that project through the bot- 
tom of the plate. A particular channel 
is tuned in by turning the turret until 
the plate supporting the inductances 
for that channel is in a position where 
contacting springs engage the contac- 
tor points of the plate. This connects 
the inductances into the circuits. Most 
turret tuners of this kind carry only 
seven or eight plates, so the proper 
ones must be installed for each 
locality. 

Fig. 31 shows another type of turret 
unit in which the turret moves hori- 
zontally instead of rotating. Basical- 
ly, this is the same as the unit we just 
described in that the coils or tuning 
circuits are movable. Unless the me- 
chanical design prevents doing so, it 
is possible to use tuners of this kind 
with any standard circuit. 

Push -Button Tuner. It is, of course, 
possible to use a standard push-button 
arrangement, as shown in Fig. 32. 
Here, the desired inductances, along 

with their associated tuning capaci- 
tors, are switched in by an ordinary 
push-button arrangement much like 
those in a standard radio. It is pos- 
sible to use a tuner of this type with 
any standard circuit; the push-button 
arrangement merely provides the me- 
chanical means of tuning in the de- 
sired stations. 

Variable -Core Tuner. Figs. 33 and 
34 show a final example of a switch - 
type tuner. This tuner contains two 

Courtesy American Steel Package Co. 

FIG. 33. A switch tuner in which vari- 
able -core tuning is used. 
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sets of preselector and one set of oscil- 
lator coils; each set consists of two 
coils, one for each band. The unit is 
tuned by moving the coil cores in or 
out in steps. The mechanical arrange- 
ment for tuning the unit consists of a 
rotating drum fitted with adjustment 
screws that bear on a plate. There 
are twelve of these screws, one for 
each channel. When the tuning shaft 
is rotated, the drum turns, causing a 
different screw to press against a mov- 
able plate C as shown in Fig. 34. The 
position of C governs the height of an 
insulated strip G to which the coil 
cores H are fastened. A screwdriver 

adjustment makes it possible to preset 
the screws B for any given channel. 
A trip mechanism is used to switch 
coils for the high and low bands. 

lrfi EU: 

s iìtfluItt , , 
FIG. 34. The operating mechanism of 

the tuner shown in Fig. 33. 
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Lesson Questions 

Be sure to number your Answer Sheet 52RH-2. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. Which of the following sections of a TV set is supposed to minimize adja- 
cent -channel interference: 1, the input tuner; or 2, the i.f. amplifier? 

2. What makes it difficult for the input tuner of a TV set to have good image 
rejection? 

3. For minimum noise, should the resistances or impedances in the input cir- 
cuit of an r.f. stage be: 1, low; or 2, high? 

4. Why are some tubes (designed for f.m. and TV equipment) equipped with 
two cathode leads? 

5. Name two methods of preventing oscillation when triode tubes are used 
as r.f. amplifiers. 

6. What is the impedance between one outside terminal and a grounded center 
tap on a transformer designed for a balanced 300 -ohm transmission line? 

7. Where would you expect to find a wave trap designed to eliminate inter- 
ference from an f.m. station: 1, at the input of the r.f. stage; 2, between 
the r.f. and converter stages; 3, in the i.f. amplifier? 

8. Give two reasons why a series -resonant i.f. trap is used in the grid circuit 
of a triode TV converter. 

9. Why is it frequently necessary to try several tubes when replacing the 
oscillator tube in a TV set. 

10. In step -tuner systems, what two methods are used to get the oscillator 
adjusted exactly to the proper frequency? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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Here's a quotation I ran across the other day that 
made me think of several fellows I know: 

"All men want to succeed. A few men want suc- 
cess so badly that they are willing to work for it." 

Isn't it true that almost every fellow you know 
wants success, wants more money, wants security? 

But how many of these men are willing to buckle 
down and study-work-think-to get the good 
things they want ? 

It is very true that only comparatively few men 
are willing to really work for success. 

You are one of those few men. You have proved 
this fact by enrolling for the NRI course-by work- 
ing to complete many of your Lessons. You are 
taking the first and most important step toward 
success. 
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RADIO servicemen constantly have 
opportunities to take on profit- 

able side lines. Of course, a man who 
has so much radio service work that he 
does not have the time to do anything 
else may be uninterested in any of 
these extra sources of income. How- 
ever, radio servicing is a seasonal busi- 
ness-there is much more repair work 
at certain times of the year than others, 
and a means of keeping up the income 
during the dull season is desirable. 
Also, to the man who is not overloaded 
with service work, because of competi- 
tion or the smallness of his community, 
these side lines represent a means of 
augmenting the regular service income. 

As you might expect, these side lines 
usually involve electrical apparatus 
or electronic equipment in one form or 
another. For example, it is quite com- 
mon to find that the local radio serv- 
iceman also repairs home appliances, 
such as irons, toasters, and lamps. In 
an industrial community, he may work 
on a certain amount of electronic con- 
trol equipment. 

A profitable and logical side line 

is public address. It is a logical field 
because it uses loudspeakers and other 
devices with which you are already 
familiar. Servicing such equipment is 
just as profitable as servicing radios 
is; furthermore you can make addi- 
tional profits by installing and selling 
equipment if you wish. 

A lack of information about public 
address equipment prevents many 
servicemen from taking advantage of 
this field. Also, in many localities the 
opportunities appear to be limited. 
However, in most cases, this lack of 
opportunity is entirely a result of the 
fact that no one has taken the time 
and made the effort needed to create 
a demand for public address equip- 
ment, because there have been too few 
men trained to recognize the useful- 
ness of the equipment, to recommend 
the proper installation, and to install 
it. The wide-awake serviceman can 
increase his opportunities by seeing to 
it that more use is made of this equip- 
ment. 

Whether future opportunities cause 
you to enter the field only part way - 
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to the extent of servicing or perhaps 
occasionally doing installation work- 
or whether you eventually decide to 

specialize exclusively in public ad- 

dress, you will find these Lessons 

helpful. They will present the im- 

portant details you need to know to 

succeed in this field. 

WHERE IS P.A. USED? 

Public address (commonly abbrevi- 

ated "p.a.") equipment is known to 

most people only as a system used 

where large numbers of people are 

to be addressed. As examples of oc- 

casional or seasonal uses, p.a. equip- 

ment is being used more and more at 

circuses and carnivals, political con- 

ventions or rallies, and at special 

events such as county and state fairs, 

rodeos, etc. There are other places, 

such as airports, railroad and bus 

terminals, etc., in which year-round 
use is made of sound -amplification 
equipment. 

In addition to these applications, 
in which the sound systems are pri- 

marily used for amplifying speeches or 

giving information, there is an in- 

creasing use of p.a. systems in the 

entertainment field. Sporting events 
require systems for making announce- 
ments. Lecturers and speakers at 
dinner meetings also use sound sys- 

tems to amplify their voices. Dance 
music in ball -rooms is now commonly 
fed through p.a. systems; in addition, 
such systems are frequently used for 

amplifying the music of soloists or 

even full orchestras at concerts. 
Moving from the field of gatherings 

brought together for specific enter- 
tainments or functions, we find that 
sound systems are beginning to be 

widely used to provide entertainment 

in many factories-music is being 
played for the workers and apparently 
increases production. Even further 
from the conventional use of p.a. 
systems are the installations in hotels 
and hospitals in which individual 
speakers in rooms are used to bring 
entertainment to the hotel guests or 

to the hospital patients more or less 

individually. 
Similar to these are intercommuni- 

cators, which are basically amplifier 
units designed for communication be- 
tween just two people or between 
small groups of people. Typical uses 
are for interoffice communication be- 
tween an executive and his secretary 
or his department heads, for commu- 
nication from a service desk to a serv- 
ice department in a store, and for 
communication from lunch counter to 
cook in a restaurant, to mention just 
a few. 

As this list shows you, there are a 
great many possible uses for p.a. 
equipment, and therefore there are a 

great many p.a. systems already in 

existence. All of these systems have 
to be serviced from time to time. 
Furthermore, many new systems are 
being installed all the time as new 
uses for p.a. equipment are developed. 
There is, therefore, an increasing op- 
portunity for the serviceman in p.a. 
work. 

P.A. REQUIREMENTS 
Now that you've seen what some of 

the uses of p.a. systems are, let's see 
what requirements the equipment 
must meet in these applications. 

The basic p.a. system is shown in 
Fig. 1. It consists, as you can see, of 
an input device (in this case, a micro- 
phone), an audio amplifier, and a 
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loudspeaker. All p.a. systems contain 
these elements. Many systems are 
more complex than this, having extra 
input devices (other microphones, rec- 
ord players, and occasionally radio 
tuners) and multiple loudspeakers, 
but basically they are all alike. 

When such a system is used for 
addressing a large crowd, the chief 
requirement made of it is that it must 
have enough power to make it pos- 
sible for everyone to hear. If music 
is to be played over the system, it 
must have at least a reasonably good 
fidelity of response in addition to suf- 
ficient power. If the music is intended 
for a critical audience, the fidelity of 
the system must be excellent. Let's 
discuss these requirements more fully. 

One of the first things that must be 
considered in planning a p.a. installa- 
tion is how much power is necessary 
to cover the audience properly. This 
problem can be solved only by having 
some knowledge of the acoustic prob- 
lems involved in distributing sound. 
In a small living room, a power of 
two or three watts is entirely suffi- 
cient. However, in a large auditorium 
or at an outdoor gathering or sporting 
event, an electrical power of as much 
as 500 watts or more may be required. 

There are many factors involved in 
the determination of the proper power 
levels. We'll learn more about these 
later, but some of these factors are: 

1. Noise Level 
2. Acoustic Problems 
3. Fidelity 
4. Loudspeaker Efficiency 
Noise Level. Whenever there is 

any appreciable amount of noise, any 
other sound tends to be masked. You 
are undoubtedly familiar with the fact 
that it is much easier to hear some- 

one talking in a quiet room than in a 
noisy one. Conversely, a speaker must 
talk loudly in a noisy room to be 
heard. This fact means that the noise 
level at the location must be taken 
into account when a p.a. installation 
is planned. In general, it is necessary 
that the desired sound be amplified 
so that it is considerably stronger 
than the noise level. There are limits 
to this-if the noise level is too high, 
as it may be in a factory, it may be 
impossible to get above it without 
making the amplified sound so loud 
that it is actually painful. 

Acoustic Problems. The loud- 
speaker cone moves air particles 
directly before it, and these in turn 
move other particles at a distance. As 
this movement fans out, and as the 
distance between the loudspeaker and 
the listeners increases, a decreasing 
amount of sound power reaches indi- 
vidual listeners. Furthermore, much 

FIG. 1. This is the basic p.a. system-a micro- 
phone, an amplifier that builds up the signal 
from the microphone, and a loudspeaker that 

converts the electrical signal into sound. 
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c:f the sound power is absorbed by the 
cushions on chairs, by hangings on 

the walls, carpets on the floors, and 
by the people and the clothing they 
wear. Any soft material readily ab- 
sorbs sound energy. All of these ab- 
sorptions, plus that of any acoustic 
treatment that may be placed in a 
hall, will reduce the sound reaching 
the rear of the hall appreciably. Out,. 
doors, sound is similarly absorbed by 
people and dispersed by the wind. All 
such effects increase the amount of 
power a p.a. system must produce to 
give adequate sound coverage. 

One acoustic problem that occurs 
only indoors is caused by sound 
reaching listeners over two or more 
paths. For example, if sound reaches 
a listener directly from the loud- 
speaker and indirectly by reflection 
from a wall, the sound traveling over 
the longer path will arrive later than 
that over the more direct path. In an 
extreme case, this can cause an echo 
effect, with one sound heard sepa- 
rately before the other. If the time 
difference is too short to amount to 
an actual echo, the sound arriving 
over other paths may be sufficiently 
out of phase to produce a muddled 
response. This phase difference may 
be exactly 180°, causing sound can- 
cellation: in fact, it is quite common 
to find that reflections from the walls, 
floors and ceilings are such that there 
are actual dead spots in the hall. 

As we shall show later, the reflec- 
tion problem can be partially solved 
by acoustic treatment of the room, 
but it is quite possible that severe 
reflections will require the Use of addi- 
tional loudspeakers, so distributed 
that sound energy will be put where 
and only where it is wanted. Any such 

multiple speaker installations will 
usually require more power. 

Fidelity Requirements. It is not 
usually difficult to design a public 
address system to handle only spoken 
words. However, when music is also 
to be handled, the fidelity of the sys- 
tem enters into its design to a great 
extent. The greater the fidelity 
requirements, the greater the power 
requirements. Low frequencies in par- 
ticular require large amounts of 
power to be heard at a distance, 
because the human ear falls off in its 
response characteristics at low fre- 
quencies. Similarly, there is a drop- 
off in the high -frequency response 
because of the greater absorption of 
these frequencies in the acoustic 
materials of the hall. To make up for 
these rather large drop-offs, it is 
necessary to have high powers at the 
low and high frequencies, and to de- 
sign the loudspeakers and their baffles 
to reproduce such frequency ranges 
properly. Therefore, when high fidelity 
is required, the power demand is in- 
creased tremendously. 

Loudspeaker Efficiencies. Once 
the problems of noise, acoustic condi- 
tions, and fidelity have been con- 
sidered, it is possible to determine 
about what acoustical power will be 
needed to cover a certain area or 
number of people outdoors or to 
cover a certain room volume or num- 
ber of people indoors. In fact, in later 
Lessons, we will give tables that can 
be used, once the necessary facts 
about the installation are known, for 
determining roughly the acoustical 
power needed. 

When the acoustical power is 
known, you can find the electrical 
power from the loudspeaker effi- 
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ciencies. The loudspeaker converts 
electrical power into sound power. 
Unfortunately, this conversion occurs 
with extremely low efficiency, so a 
considerable amount of electrical 
power is required to produce a small 
amount of sound power. At best, the 
ordinary cone -type loudspeaker of 
the sort used in home receivers has 
an efficiency of only about 2%. If this 
cone loudspeaker is placed in a care- 
fully designed baffle, its efficiency 
rises to as much as 5%. Even the best 
speakers, using efficient diaphragm 
driver units in trumpets, have effi- 
ciencies of only about 15%, and this is 
obtained only at a considerable sacri- 
fice in fidelity. In most cases, how- 
ever, a surprisingly small amount of 
sound pressure is needed, so it isn't 
necessary to go to extremes in elec- 
trical power to overcome this great 
loss in the loudspeaker. 

Once we arrive at a reasonable 
estimate for the electrical power re- 
quired, this sets at least one of the 
requirements to be made of our ampli- 
fier. Thus, if we find that we need 12 
watts for a particular small installa- 
tion, the amplifier must deliver at 
least this power output. 

GAIN REQUIREMENTS 
Turning now to the other end of the 

system, how much are we getting 
from the microphone? We shall find 
in other Lessons that this depends on 
the kind of microphone, and on the 
distance between the microphone and 
the person speaking, as well as on the 
sound energy delivered by that per- 
son. However, even at best, a micro- 
phone delivers a power that is only a 
fraction of a microwatt! Therefore, 
our amplifier must have sufficient 

voltage and power amplification to 
raise the output of the microphone to 
the power needed to drive the loud- 
speaker system. This gives a second 
requirement for the amplifier-it must 
have sufficient gain in addition to 
delivering the required output. 

Once we have chosen the micro- 
phone, amplifier, and loudspeakers, 
we are faced with the problems of 
connecting them together. Often very 
short leads are all that are required, 
but sometimes we may have to put 
our loudspeakers several hundred feet 
away from the amplifier. As you will 
learn later, special impedance -match- 
ing methods must be used in this case. 

Another problem rises when a sound 
system is used for amplifying music. 
To get fidelity, it is frequently neces- 
sary to use combinations of low - 
frequency and high -frequency loud- 
speakers. The power distribution 
problem is complicated by this, be- 
cause we must not only match 
impedances properly, but also use 
frequency -dividing networks so that 
the speakers will get power at the 
frequencies they are designed to han- 
dle most effectively. 

Further, we may not always want 
to use only a microphone with the 
sound system. Very frequently phono- 
graph records are played over p.a. 
systems, for example, and occasion- 
ally radio programs are reproduced 
over them. The amplifier must there- 
fore be capable of operating from a 
phonograph pickup or from the audio 
output of a radio receiver unit as well 
as from a microphone. These devices 
all have different output levels and 
are of different impedances. This 
brings up another problem in imped- 
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ance matching, this time at the input 
of the amplifier. 

Furthermore, the use of several in- 
put devices introduces the problem 
of switching from one to another. We 
can just unplug one and plug in the 
other, or just throw a switch, but, if 
we do, we will get a very loud click 
or pop from the loudspeaker. Most 
p.a. systems have some form of fading 
control, so arranged that the output 
of one or the other of the devices can 

be reduced to the minimum and then 
the output of the other can be raised 
gradually, or so arranged that they 
can be mixed together. 

We are introducing you to these 
various public address problems so 
that you can better appreciate the 
material in the next several Lessons. 
Now that we have a general under- 
standing of some of the problems, we 
can go on to a more detailed study 
of the amplifier itself. 

The Decibel and Power Ratios 
In public address work, we are 

dealing with extremely large power 
ratios. The acoustic power at the 
microphone is exceedingly small, 
whereas the sound output of the 
loudspeaker may be so loud that it is 
actually painful. The power ratio 
(output power divided by input 
power) is therefore so large that the 
figures involved become inconveni- 
ent to handle. It is not unusual 
to have gain figures representing 
power increases of as much as a bil- 
lion times. For convenience, it is de- 
sirable to express the gains and power 
ratios involved in p.a. work in some 
way that will not demand such large 
numbers. This has led to the adop- 
tion of a special unit called the deci- 
bel, which we shall discuss in a 
moment. 

Another factor that makes it de- 
sirable to use decibel units is the fact 
that the human ear responds exponen- 
tially to sound powers, rather than 
linearly. This means that if we dou- 
ble the sound power, we don't get 
twice as much sound as far as the ear 
is concerned-in fact, we can just 

barely detect the fact that the loud- 
ness of the sound has increased. 

In other words, the human ear is so 
constructed that any complex sound 
must be doubled in power before it 
sounds louder. This is true at both 
low and high sound levels, provided 
the original sound is loud enough to 
be heard at all. For example, going 
from 2 to 4 microwatts produces a 
detectable increase in loudness; the 
apparent increase produced by going 

TABLE 1 

db Power Ratio 
1 1.25 
2 1.6 
3 2.0 
4 2.5 
5 3.2 
6 4.0 
7 5.0 
8 6.4 
9 8.0 

10 10.0 
15 32.0 
20 100. 
30 1000. 
40 10,000. 
50 100,000. 
60 1,000,000. 
100 10,000,000,000. 
110 100,000,000,000. 
120 1,000,000,000,000. 
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TABLE 2 

Power Ratio db 
1.0 0 
1.5 1.8 
2.0 3.0 
2.5 4.0 
3.0 4.8 
3.5 5.4 
4. 6.0 
6. 7.0 
7. 8.4 
8. 9.0 
9. 9.5 

10. 10.0 
15. 11.8 
20. 13.0 
30. 14.8 
40. 16.0 
50. 17.0 
60. 17.7 

100. 20.0 
200. 23.0 
500. 27.0 

1000. 30.0 

from 200 to 400 watts is no greater 
This peculiar property of the ear 

is another reason why the use of 
decibel units in discussing sound 
power ratios is convenient, because 
the decibel system expresses these 
ratios in terms of what the ear can 
hear. Let's go on now and learn what 
these important units are. 

DECIBEL DEFINITION 
The decibel (usually abbreviated 

db) is logarithmically related to the 
ratio of two powers by the formula 

db = 10 to glo 
2 

where P1 and P2 are the powers. To 
solve this equation, the two powers 
are inserted and their ratio deter- 
mined. Then the logarithm to the 
base 10 of this power ratio is looked 
up in a table. Ten times this logarithm 
is the decibel gain or loss. 

In this Lesson, we cannot go very 
far into the subject of logarithms. 
Briefly, however, a logarithm of a 
number is the power to which a base 

number must be raised to equal the 
original number. For example, you 
know that the second power of ten 
(102) equals 100. In the common 
logarithms that use the base 10, 2 
then becomes the logarithm of 100. 

It is unnecessary to use the db 
formula because there are tables 
available, such as Tables 1 and 2, 
that give the decibels corresponding 
to certain power ratios. Furthermore, 
there are meters that are designed to 
indicate decibels directly. We'll say 
more about these shortly. 

USES OF DECIBEL UNITS 
Although the decibel was originally 

developed purely from power ratios, 
careful tests have indicated that one 
decibel of power increase is just 
about the smallest change in power 
that can be detected by the average 
human ear. This change is detectable 
only when it consists of a single pure 
tone and only when the test is carried 
out under carefully controlled condi- 
tions. For complex tones -music, for 
example -a change of 3 decibels is 
ordinarily necessary to produce a de- 
tectable volume level change. Table 
1 shows that a 3 -decibel change indi- 
cates a power ratio of 2, meaning that 
the power must be doubled before 
we can tell that the complex sound is 
any louder. If we want to make it 
still louder, the power must be doubled 
again, and so on. 

Since the decibel expresses the 
relationship between two powers, it is 
a convenient unit with which to meas- 
ure power gains or losses. Further- 
more, it can be used to express sound 
power or electrical power in terms of 
some reference value of power. The 
reference level commonly used when 
sound powers are given in decibels is 
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the sound power that is just barely 
audible to the average ear-in other 
words, the threshold of hearing of the 
average person. For convenience, tech- 
nicians do not usually bother to men- 
tion the reference level when they 
talk about sound powers in db, but 
you should always remember that a 

sound level expressed in db is really 
the level with respect to the threshold 
of hearing. For example, the noise 
level in the average home living room 
has been found to be about 55 db; 
from what we just said, you know 
that this is 55 db with respect to the 
reference level, or about 300,000 times 
the power of the least audible sound. 

Notice how much more convenient 
it is to say "55 db" instead of "300,- 
000 times the power of the least audi- 
ble sound." Obviously the decibel 
measurement is far easier to use in 

speech or writing. Furthermore, stat- 
ing the noise level in db lets us get 
some idea of just how noisy the loca- 
tion is. Since each 3 -db increase pro- 
duces a barely audible increase in 
loudness, we know that the noise is 

55 - 3 or about 18 steps up the 
scale of comparative loudness. 

Electrical powers are also often ex- 
pressed in decibels in sound work. 
Here again, some power level must be 
used as a reference. In the past, con- 
siderable confusion arose from the 
fact that three different reference 
levels were used by different branches 
of the communications industry-the 
telephone company and the radio am- 
plifier manufacturers, particularly, 
differing in their standards. Of these 
three older standards, a reference 
level of 6 milliwatts was the most 
commonly used; in fact, it still is in 

sound work. However, in recent years, 

there has been an attempt in the com- 
munications field to secure universal 
use of a new standard based on a 1- 

milliwatt reference level. This new 

unit is used throughout both the 
broadcast industry and the telephone 
companies. As a result, it is gradually 
spreading to sound equipment, and 
may eventually replace all of the 
older reference levels. Although the 
new unit is still a decibel, because the 
only change has been in the reference 
level, it is a common practice to indi- 
cate the new unit as a "VU" or "dbm" 
instead of "db" to avoid confusion. 

In either case, the reference level 
is assumed to be the zero db level. 
Any power that is higher than the 
reference level is therefore a power 
increase above the reference level and 
is considered to be a plus db value. 
Power levels below the reference level 
are minus db values. 

Table 3 gives some typical db levels 
based on the 6-milliwatt (.006 watt) 
and on the 1-milliwatt (.001 watt) 
reference levels. There is no need for 
you to try to memorize these values. 
All you need to do now is to learn 
how they are used. To that end, let's 
take a few practical examples of the 
use of decibels in sound work. 

Let's suppose we have a case in 
which 60 watts of power fed through 
certain loudspeakers will produce 
sufficient audio power to cover an 
audience properly at the desired level. 
From Table 3, we see that this is an 
output of about 40 db above the 
reference level of .006 watt. 

A typical microphone may have an 
output of -60 db, which means that 
its output is 60 db below the reference 
level of .006 watt. Therefore, we have 
to raise the microphone output of 
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-60 db to a plus value of 40 db. This 
means that the amplifier must have 
an over-all power gain of 100 db. 
The output power of the amplifier is 
therefore about ten billion times that 
of the microphone! 

An important point to remember is 
that we have to double the output 

of these two-we get somewhat less 
distortion by running an amplifier at 
less than its rated output, and of 
course one having the higher power 
rating would be better able to handle 
high power peaks without too much 
distortion. The 20 -watt amplifier may 
therefore be the better of the two, on 

Reference Level: 
0 db = 1 milliwatt 

Watts 

TABLE 3 

Reference Level: 
0 db = 6 milliwatts 

db Watts 
1000. +60 6000. 

100. +50 600. 
10. +40 60. 

1. +30 6. 
.1 +20 .6 
.01 +10 .06 
.001 0 .006 
.000 1 -10 .000 6 
.000 01 -20 .000 06 
.000 001 -30 .000 006 
.000 000 1 -40 .000 000 6 
.000 000 01 -50 .000 000 06 
.000 000 001 -60 .000 000 006 
.000 000 000 1 -70 .000 000 000 6 
.000 000 000 01 -80 .000 000 000 06 
.000 000 000 001 -90 .000 000 000 006 
.000 000 000 000 1 -100 .000 000 000 000 6 

power before we can get a noticeably 
stronger signal. If one amplifier is 
rated at 15 watts, and another is rated 
at 20 watts, their power difference is 
only slightly more than 1 db. Obvi- 
ously, therefore, the 20 -watt amplifier 
will not produce any appreciably 
louder sounds than the 15 -watt one. 
This doesn't mean that the 20 -watt 
amplifier wouldn't be the better choice 

the basis of freedom from distortion, 
but it will not be any louder for com- 
plex sounds. If we had a 15 -watt 
amplifier, we would have to go to a 
30 -watt amplifier to get a noticeable 
increase in loudness level. Similarly, 
we would have to go from 100 watts 
to 200 watts to get an appreciable 
increase in sound at a higher power 
level. 
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Amplifier Specifications 
There are many types and sizes of 

p.a. amplifiers. In addition to differing 
in amount of electrical power output 
and in fidelity of response, they have 
different power -supply requirements, 
are capable of operating from differ- 
ent types or numbers of microphones 
or other inputs, and have different in- 
put and output impedance character- 
istics. All these factors must be con- 
sidered in the choice of a particular 
amplifier for a specific job. To assist 
in making this choice, manufacturers' 
catalogs give the following informa- 
tion about each amplifier listed, either 
in the form of a complete description 
or as tabulated data: 

Power Output 
Gain 
Frequency Response 
Hum Level 
Input Impedances 
Output Impedances 
Power Required 
Tubes 
Physical Specifications 
In addition, you may find a few 

other special features described, such 
as the kind of tone control. 

Naturally, it is important for you 
to understand the real meaning of 

each of these specifications. Let's 
examine the important ones now to 
see just what they mean. 

POWER OUTPUT 
The power output is usually stated 

in watts, although you may some- 
times find that the manufacturer also 
gives the output level in decibels 
above the 6-milliwatt reference level. 

Some manufacturers give both a 

"normal" and a "peak" output rating. 
In these cases, the normal output 
level is the output for a certain speci- 
fied percent of total harmonic distor- 
tion. The peak value is the maximum 
amount of power that can be obtained 
from the amplifier without regard to 
distortion. 

It is common practice to select 5% 
total harmonic distortion as the ac- 
ceptable distortion for normal output, 
because, at this level, the amount of 

third harmonic distortion is not so 

high that it is seriously objection- 
able. To obtain the power rating, 
therefore, the manufacturer increases 
the input while analyzing the wave 
form of the output. When the har- 
monic distortion reaches the value 
chosen, such as 5% (or 2% in the 
case of high-fidelity equipment), the 
output is measured. This becomes the 
normal power output. Then, the input 
is increased further until the point of 

maximum power output is reached. 
This too is measured. This becomes 
the peak rating. 

If you find only one output value 
listed for an amplifier, you won't 
always know whether the manufac- 
turer means normal output or peak 
output. The normal output is con- 

siderably less than the peak rating; 
therefore, if the rating given is close 
to the value needed for the installa- 
tion in such a case, you would do well 

to determine just which is meant be- 
fore purchasing the equipment. 

Amplifiers intended for public ad- 
dress can be grouped into low - 

power, medium -power, and high - 
power classes. There is no strict 
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border line between these classes, 
however. In general, any amplifier 
under about 10 to 15 watts is a low - 
power type, those between this value 
and about 50 watts are medium 
power, and those above 50 watts are 
considered to be high power. 

As we pointed out while discussing 
decibels, it takes a doubling of the 
power output to produce a noticeable 
increase in volume, so of course ampli- 
fier manufacturers do not make many 
different sizes in any of these groups. 
Usually a manufacturer makes only 
4 or 5 amplifiers in each series-say 
a low -power amplifier of about 8 to 
10 watts, a medium -power one of 
15 to 20 watts, another somewhere 
between 35 and 50 watts, and then 
perhaps a high -power one. The out- 
puts chosen are selected with the idea 
of having some amplifier in the line 
fairly close to any output that may 
be desired. 

Manufacturers usually also make 
amplifiers for battery or a.c.-d.c. 
operation. These are not usually 
merely the standard a.c.-operated am- 
plifiers with modified power supplies, 
because, for battery operation at least, 
it is necessary to make amplifiers as 
economical of power as possible, 
something that designers of a.c. equip- 
ment don't worry much about. We'll 
discuss this later. 

AMPLIFIER GAIN VALUES 
Because of the extremely high 

power ratios involved in public ad- 
dress work, it is standard practice to 
give the gain of amplifiers in decibels. 
Because these amplifiers are com- 
monly used with phono pickups in 
addition to microphones, most ampli- 
fiers have input circuits for each. 

Since the output of a phonograph - 
record player is much higher than 
that of a microphone, less gain is 
needed for the phono channels. There- 
fore, the gain values are usually given 
for each input-some such value as 
100 db gain for microphone and per- 
haps 40 to 60 db for phonograph. As 
you learned from Table 1, a db gain 
of 100 represents a power ratio of ten 
billion. 

Sometimes, in connection with 
the gain values, the manufacturer will 
list specific types of microphones or 
phonograph players that are suitable 
for the particular amplifier. If such 
information is not given, it may be 
necessary to make a calculation to 
determine whether a specific input de- 
vice can be used with a particular 
amplifier. In such cases, the output 
power rating must be converted to 
decibels. Let's suppose the amplifier 
is rated at 60 watts and has a gain 
of 100 db for the microphone channel. 
From Table 3, we find that a 60 - 
watt output represents +40 db, based 
on a 6-milliwatt reference level. Since 
the output of our amplifier is +40 
db, and the gain is 100 db, the ampli- 
fier will deliver its rated output of 
60 watts if the input is -60 db. That 
is, a gain of 100 db will raise a level 
of -60 db to +40 db (100 minus 60 
equals 40) . 

Microphones have different outputs 
ranging all the way from -40 db to 
perhaps -100 db. (This is from the 
6-milliwatt reference level.) Natur- 
ally, if you have a microphone ca- 
pable of giving -50 db, it has more 
than enough output to drive the am- 
plifier we are discussing to full rated 
output. It will work satisfactorily with 
the amplifier because we can always 
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FIG. 2. This frequency -response curve shows the 
db output of an amplifier at various frequencies. 

reduce the gain with the volume con- 
trol. On the other hand, a micro- 
phone with an output of -70 db will 
not permit this amplifier to give full 
rated output. If we must use a micro- 
phone of this kind, we will have to 
have a preamplifier with a gain of at 
least 10 db to raise the microphone 
signal level from -70 db to -60 db 
so that the amplifier can be operated 
at full output. 

This discussion shows you why 
the decibel is used in p.a. work. With 
its aid, it is rather simple to see just 
what will work with what. Any power 
losses or power gains in the systems 
can be taken into consideration 
simply. 

FREQUENCY RESPONSE 

The amplitude or harmonic distor- 
tion is given along with the power 
output rating, or is understood to be 
at some standard level when normal 
outputs are given. However, in addi- 
tion, we can have frequency distor- 
tion-the limitation of the frequency 
range over which the amplifier will 
operate with a reasonable output. In 
public address work, the frequency 
response is rather important. If voice 
alone is to be handled, there is no 
need for very low notes, nor is there 
need for high notes above 5000 cycles. 
If the system is to have high fidelity, 
on the other hand, you'll want as wide 
a frequency response as is obtainable 

within the price range in which you 
are interested. 

To arrive at the frequency response, 
the manufacturer determines the input 
at a reference frequency, usually 1000 
cycles, that will produce the rated 
output. Then, the same input is fed 
into the amplifier at other frequen- 
cies. The amplifier output at each 
of these various frequencies is then 
expressed either in decibels or in 
terms of the number of decibels it is 
up or down from the output at the 
reference frequency. 

Data on frequency response are 
frequently given in the form of re- 
sponse curves. In the type shown 
in Fig. 2, the output is given in terms 
of the rated output of the particular 
amplifier. A somewhat more common 
form is that shown in Fig. 3, in 
which the response at various fre- 
quencies is given in terms of its 
db variation from the reference fre- 
quency output. This curve applies to 
any amplifier having this response, 
regardless of its rated db output level. 

A frequency response curve is ordi- 
narily carried out only to the points 
at which the frequencies fall off 3 db 
from the reference value. Beyond 
these points, it is understood that the 
characteristic may have peaks, but 
in general, will be worse than 3 db 
off from the reference level. Therefore, 
whenever the manufacturer says that 
an amplifier is "flat within 3 db from 
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FIG. 3. This frequency -response curve shows 
how many db up or down the amplifier output 

is at various frequencies. 
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40 to 10,000 cycles," he means that 
the output will vary slightly but will 
remain within 3 db above or below 
the output at 1000 cycles between 
these limits. Notice that the curves 
shown in Figs. 2 and 3 are flat within 
3 db from 80 to about 7500 cycles. 

Many manufacturers give informa- 
tion on the effects of the tone controls 
on the frequency response. They will 
state that the tone control raises or 
lowers the output so many db at a 
given frequency. This will give a 
general idea of what happens to the 
response curve as the tone controls are 
varied. 

AMPLIFIER HUM LEVELS 

Naturally, the output hum and 
noise levels from an amplifier must 
be just as low as possible for best 
results. In any amplifier of reasonably 
good design, the noise level is far 
below that of the hum. 

In high-fidelity systems, the hum 
voltage applied to the loudspeaker 
must be very small to prevent exces- 
sive hum output. The hum level is not 
quite so important in a low -fidelity 
system, however, because the low -fre- 
quency output is usually attenuated. 

The manufacturer commonly gives 
the hum level as so many db below 
rated power output. A value around 
35 to 50 db down is considered ac- 
ceptable for general-purpose ampli- 
fiers. 

When the noise level is given too, 
it is likewise given in terms of deci- 
bels down. 

INPUT IMPEDANCES 

When an amplifier is given a cer- 
tain rating, it is assumed that its 
input and output will be properly 

impedance -matched so that the 
maximum power transfer will occur. 
Therefore, the number and impedance 
values of the input channels are im- 
portant amplifier ratings. 

The simplest amplifier may have 
only a phonograph input; very elab- 
orate ones may have provisions for 
three or four microphones and per- 
haps two or three phonograph players. 
Because it may be desired to fade one 
signal out and fade another in gradu- 
ally, without affecting the strength of 
any other signals, all of these input 
channels are usually fed through sepa- 
rate preamplifier stages, whose out- 
puts are then combined in a mixing 
circuit arrangement. We'll study these 
amplifiers in more detail later. 

Some microphones, such as the 
crystal types, are high -impedance 
devices that should feed into the grid 
input circuits of tubes. As a practical 
matter, you know that the grid circuit 
must have a d.c. path to the cathode. 
Since a resistor of around 100,000 
ohms is commonly used to provide 
this path, it is standard practice to 
consider a high impedance input to be 
approximately 100,000 ohms for 
microphone services. 

Microphones such as the dynamic 
types have low impedances, which 
are brought up to standard line im- 
pedances by means of matching trans- 
formers built into the bodies of the 
microphones. For low -impedance mi- 
crophones, therefore, the input of the 
set has to be a transformer rated at 
some standard line impedance such as 
250 or 500 ohms. Because high - 
impedance inputs are less costly, basic 
amplifiers are usually supplied with 
high -impedance inputs, with low -im- 
pedance inputs being available at a 
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slight extra cost. The type of input 
impedance is usually optional in the 
more elaborate amplifiers. 

Phono channels are today practi- 
cally all high -impedance types because 
it is standard practice to use crystal 
pickups. If magnetic pickups are used, 
it is expected that a matching trans- 
former will be used to match the 
pickups to the grid circuit of a tube 
or to match from a standard trans- 
mission line to such a grid circuit. 

OUTPUT IMPEDANCE 

It is standard practice today for 
practically all amplifiers to have a 

tapped arrangement for matching 
various loudspeaker voice coil imped- 
ances. Values of 2, 4, 6, 8, and 16 

ohms are usually available. In addi- 
tion, most amplifiers also have provi- 
sion for at least a 500 -ohm line. Some 

of the more elaborate types have addi- 
tional taps for 125 ohms and 250 

ohms for use when lines are connected 
in parallel. 

In addition to giving the output 
impedance values, the manufacturer 
will usually mention the method used 
for making connections to the output 
terminals of the amplifier. In some 
instances, these terminals are just 
brought out to terminal strips. In 
others, the terminals are brought out 
to sockets into which the loudspeaker 
lines are plugged, the proper imped- 
ance being selected by turning a 

switch. Such refinements as this latter 
are not absolutely essential, but they 
are helpful, particularly for amplifiers 
that are going to be set up and taken 
down frequently under conditions 
under which different types of loud- 
speakers may be needed. We shall go 

further into the subject of loudspeaker 

connections later (in another Lesson). 

POWER REQUIREMENTS 

Like radio devices, public address 
amplifiers operate from power sup- 
plies. It will do no good to find 
exactly the right amplifier for your 
installation if it will not operate from 
whatever power is available. There- 
fore, although the power requirement 
is usually far down on the list, it is 

one of the first things you should look 
for. 

Of course, 115 -volt, 60 -cycle a.c. 
power is commonly available through- 
out the United States, and most p.a. 
amplifiers are designed to operate 
from such a.c. power lines. There is 

a wide variety of amplifiers available 
for such operation, so the choice of a 

particular amplifier depends on other 
considerations. 

However, there are many cases 
where the proper power lines are not 
available. In some of the larger cities, 
for example, there are large districts 
in which only 110 -volt d.c. power is 

available. In a few localities, the 
power lines supply only 25 -cycle a.c. 
Special amplifiers are rarely available 
for such power supplies. The only 
thing that can be done in most in- 
stances is to obtain an inverter unit 
that will convert the available power 
to 60 -cycle a.c. Such inverter units are 
available from radio supply houses. 

Public address equipment used in a 

sound truck must operate either from 
storage batteries or from some form 
of power supply carried with the 
amplifier in the truck. In the case of 

high -power units, it is standard prac- 
tice to equip the truck with a small 
a.c. generator driven by a gasoline 
motor. Because of the efficient cir- 
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cuits incorporated in modern ampli- 
fiers, however, it is practical to oper- 
ate the small units from 6 -volt 
storage batteries. Vibrator -type power 
supplies are used in such cases. Most 
such units supply enough 115 -volt, 
60 -cycle power to operate a record 
player as well as an amplifier. 

Naturally, when we are dealing 
with special units of this kind, it is 
particularly important that the re- 
quired power levels be ca:culated ac- 
curately. Large sound systems drain 
storage batteries quickly and are 
rather costly. On the other hand, units 
that are too small are practically 
worthless. It is therefore necessary to 
select equipment that is adequate for 
the job but not more powerful than 
it needs to be. 

TUBES 
In practically all cases, manufac- 

turers list the number and types of 
tubes used in p.a. amplifiers. This 
information is helpful if you find that 
some of the tubes listed are not the 
types that are commonly available 
in your locality, because then you can 
stock up on an extra set or so. The 
tube list will also give you a general 
idea of the circuits that are used, and 
from the power output rating, you can 
get an idea of how hard the tubes are 
being driven. 

PHYSICAL SPECIFICATIONS 

It is important that you know the 
dimensions and weights of public ad- 
dress units, particularly when they 
are to be permanently installed in a 
given location. The kind of housing, 
too, is frequently important. Some- 
times you will want the amplifiers 
mounted in a standard rack. In other 
cases, you will want them to be 
enclosed in a metal shield or case, 
which is common practice for most 
amplifiers today. 

The manufacturer may also de- 
scribe the color and type of decoration 
on the housing, and, of course, he will 
usually show photographs of the gen- 
eral appearance of the amplifier. 
Naturally, it is always desirable to 
have a unit that is physically pleas- 
ing in appearance whenever it is to 
be located where it will be used by 
the public. Therefore, although such 
considerations are less important than 
getting the right technical equipment, 
they must be taken into account. 

Now that we have a general idea of 
the data that can be expected in the 
manufacturer's literature, let's go on 
and briefly examine some typical p.a. 
amplifiers to see how they differ from 
standard audio amplifier equipment 
like that found in radio receivers. 

Power Supplies, Output Stages, and Drivers 
As we have mentioned before, the 

public address amplifier is essentially 
like the audio amplifier in a standard 
radio receiver. As a matter of fact, 
the low -powered types are, for all 
practical purposes, identical with 

such amplifiers. Not only are the cir- 
cuits similar, but also the same kinds 
of tubes are used. The only radical 
difference is that low -powered p.a. 
units usually require one more volt- 
age amplifier stage so that they will 
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have sufficient gain to operate from 
the very low output of microphones. 
Higher -powered units differ more 
markedly from the audio sections of 
radio receivers, mostly because dif- 
ferent tubes and circuits are needed 
to permit the handling of the in- 
creased power. 

In the following discussion, we 

shall not go deeply into the basic 
theory of voltage and power ampli- 
fiers, because you have already studied 
this in other Lessons of this Course. 
(If you are hazy on certain points, 
review your Lessons on low -frequency 
amplifiers and on power supplies.) 
Instead, we shall point out the im- 
portant differences between radios 
and p.a. systems. Let's start with 
power supplies. 

POWER SUPPLIES 

The smaller p.a. units operate from 
power supplies that are identical with 
those in standard radio receivers. The 
most common power supply uses a 
standard power transformer, a full - 
wave rectifier, and a filter, although 
you will find that a few of the small 
portable p.a. units use a.c.-d.c. sup- 
plies. The small mobile p.a. systems 
that are designed to operate in trucks 
use vibrator -type power supplies 
operating from a storage battery, al- 
most identical with supply units you 
find in auto -radio receivers except 
that they are capable of delivering 
somewhat more power. If we consider 
devices like hearing aids to be public 
address -systems in miniature, we will 
even find batteries are used to furnish 
power directly. 

Therefore, in all low -powered p.a. 
systems, we can expect to find power 
supplies that are identical with types 

we have included before in our study 
of radio receivers. It is only when 
we get up in the high -power units that 
we find much difference. 

In high -power applications, it is 
standard practice to use a power sup- 
ply with a power transformer, operat- 
ing from 60 -cycle a.c. If the equip- 
ment is to be used in mobile services, 
it is commonly operated from a gaso- 
line - engine - driven motor - generator 
that develops the necessary 110 -volt, 
60 -cycle a.c. In districts with d.c. 
power or 25 -cycle a.c., a motor - 
generator would be used to deliver the 
110 -volt, 60 -cycle a.c. Hence, you 
will usually find that all high -power 
amplifiers are alike in their power 
supplies to this extent. 

Voltages around 300 to 400 volts 
are easily obtained from a trans- 
former power supply. Receiver -type 
rectifier tubes may be used; if the cur- 
rent requirements exceed the rating 
of a single tube, two tubes can be 
used with the sections in parallel, as 
in Figs. 4A or 4B. These two con- 
nections both deliver twice the cur- 
rent of a single tube. The only differ- 
ence is that you will get only half - 
wave rectification, with consequent 
hum, if one tube fails in the circuit 
shown in Fig. 4A. The circuit in Fig. 
4B will still give full -wave rectifica- 
tion as long as the remaining tube 
lasts. Of course, this tube will be 
heavily overloaded, so it won't last 
long. 

As we shall soon see, some p.a. 
systems use power output tubes oper- 
ated in class AB2 or even in class B. 
Because of the very wide changes in 
current requirements between the no- 
load and full -load conditions, power 
supplies used with such output tubes 
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must have good regulation. Ordi- 
narily, this means that the trans- 
former and choke coils must have low 
resistance, and that a very high 
bleeder current must be drawn. This 
increases the current requirements. 

Since the final stage requires more 
plate current than any other, its eur- 

FIG. 4. Two typical full -wave rectifier circuits 
used in p.a. power supplies. 

rent is frequently taken directly from 
the rectifier output without passing 
it through the filter choke. This is 

permissible because there is no ampli- 
fication beyond the output stage, so 
any hum developed is swamped by 
the desired signal. When the output 
current does go through the filter, a 
swinging choke is commonly used as 
the input choke to help keep the out- 
put voltage constant in spite of the 
high current changes between no-load 
and full -load conditions. 

In some of the p.a. units of the 
highest powers-those rated well over 
100 watts-the power output tubes are 
actually small transmitting tubes in- 
tended to operate on higher voltages 
than are applied to receiving tubes. 
The power supplies of such units 
must, of course, be designed to deliver 

appropriate voltages-around 800 to 
1500 volts. This means that the sec- 
ondary of the power transformer must 
have a higher voltage rating than 
is usual in p.a. equipment. To with- 
stand the higher voltages, special rec- 
tifier tubes of the types that are more 
commonly found in amateur trans- 
mitting equipment are sometimes 
used. In addition, the filter condensers 
must be designed for these high 
voltages, which means that they are 
usually oil -filled paper condensers 
of the kind used in transmitters. The 
need for this special, expensive equip- 
ment makes high -power amplifiers 
disproportionately costly. For this 
and other reasons, high -power p.a. 
units of this kind are rather rare; 
when high powers are needed, it is 
common practice to use several ampli- 
fiers connected in parallel instead. 
The use of several smaller amplifiers 
is preferable because it is lower in 
cost, gives a more flexible arrange- 
ment (since the system can be ex- 
panded at any time by adding more 
units), and simplifies future servicing. 

POWER OUTPUT TUBES 
As you might expect, beam power 

and pentode tubes, which have high 
power sensitivity and high plate effi- 
ciency, are used as the power output 
tubes in practically all p.a. amplifiers. 
Obviously, if a triode tube requires 
40 volts as the grid signal voltage 
for full excitation, and a pentode or 
beam tube is capable of giving the 
same power output with only 15 volts 
of grid drive, the latter is more de- 
sirable, since much less voltage am- 
plification is necessary ahead of it. 
These tubes also have an advantage 
over triodes in that they convert 
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somewhat higher percentages of their 
plate power into usable power output. 

The one advantage of the triode 
over the beam power and pentode 
tubes is that it has far less distortion. 
However, modern inverse feedback 
circuits make it possible to obtain 
reasonable fidelity from pentode and 
beam power tubes. Therefore, the 
triode power tube has practically dis- 
appeared from the p.a. field except for 
very high-fidelity systems. 

In general, the types of tubes used 
in p.a. amplifiers are exactly like 
those in radio receivers, except that, 
because of its high power capabilities, 
the 6L6 tube is more commonly used 
in p.a. work than it is in radio re- 
ceivers. Even the smaller receiver - 
type tubes are commonly used, some- 
times in circuits that get more from 
them than is required in radio re- 
ceivers. 

Class A Operation. The power 
output stages of p.a. amplifiers are 
most commonly operated in class A, 
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FIG 5. This shows class A operation of an 
amplifier. The input signal swings over the 
straight part of the tube characteristic, and the 

grid voltage never goes positive. 
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FIG. 6. A single -ended class A stage. 

just as are those in radio receivers. 
In this class of operation, the operat- 
ing point of the tube is set by the 
bias on the midpoint of the straight 
portion of its characteristic (see Fig. 
5) . The complete cycle of the in- 
coming signal is reproduced in the 
plate current. As long as the input 
signal is not so high that it swings 
as low as the bottom knee of the 
characteristic or higher than the zero 
bias point, this class of operation is 

reasonably free from distortion. This 
matter of distortion is important be- 
cause it places the real limit on power 
output. We can get only so much 
power output at a given distortion 
level from any particular tube once 
its operating condition has been speci- 
fied. When the acceptable distortion 
level has been chosen, the drive or 
grid signal applied to the power out- 
put tubes can be increased only until 
this distortion percentage is found in 
the output. 

In applications in which the tone 
quality is not very important and low 

powers are all that is required, the 
single -ended class A stage like that 
in Fig. 6 is sometimes used. If higher 
output levels are required and some- 
what better tone quality is desirable, 
a push-pull circuit like that shown in 

Fig. 7 is used. Here, because the even 



harmonics are cancelled in the output 
transformer, it is possible to get 
greater power output from each out- 
put tube than is possible in the single - 
ended connection shown in Fig. 6. As 
a matter of fact, properly increasing 
the grid drive permits about two and 
one-half times as much power to be 
obtained from a pair of tubes in push- 
pull as can be gotten from a single 
tube for the same relative amount of 
distortion. 

Both the single -ended and push- 
pull class A stages are usually self - 
biased by a resistor in the cathode 
circuit. However, there are exceptions 
-the bias can be obtained from the 
power supply, making it a form of 
fixed bias. Such a system is rather 
commonly used with push-pull out- 
puts, because it is desirable to balance 
plate currents of the push-pull tubes. 
Therefore, as we shall see later, the 
grid returns are split and brought 
back to separate adjustable bias resis- 
tors in the power pack; it is then pos- 
sible to adjust the bias to produce 
equal plate currents. 

The circuits in Figs. 6 and 7 use 
resistance coupling to the power tube 
grids. It is possible to use transform- 
ers, of course, but an input trans - 

FIG. 7. A push-pull class A stage. 

former is bulky and rather costly. 
Furthermore, unless it is of high 
quality it will introduce considerable 
frequency distortion and also pick up 
stray hum fields. 

When resistance coupling is used at 
the input of the push-pull stage, a 
phase inverter must be used. Any of 
the types that you studied in your 
fundamental Lessons may be found in 
p.a. amplifiers. Several typical sche- 
matics of phase inverters are shown 
in Fig. 8. In each instance, the neces- 
sary 180° phase shift is obtained 
either by an additional tube or, as 
shown in Fig. 8C, by making use 
of the fact that the cathode voltage 
is out of phase with the plate load 
voltage. 

If a transformer input is used for 
the push-pull stage, of course, a 
single -ended driver stage can be used. 

GETTING MORE POWER 

Once we have reached the max- 
imum permissible output with a par- 
ticular tube in class A operation, the 
only way of getting more power 
output is to change the conditions of 
operation or change the tube. Equip- 
ment designers usually prefer to use 
more efficient classes of operation, 
since transmitter tubes, the only types 
capable of giving more power output, 
are expensive. 

Instead of class A, we can use 
classes AB11 or AB2, or even class B 

provided we use a push-pull circuit. 
The power output increases remark- 
ably-if two tubes deliver 18 watts 
in class A push-pull, they may give 
25 watts in ABl, 45 watts in AB2, 

and 60 watts in class B. 
Fig. 9 shows the difference between 

these classes of operation. The class 
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A grid signal is limited so that the 
operation remains over the straight 
portion of the characteristic between 
the lower knee and the zero bias line. 
The plate current change for class A 

operation here reaches the peak value 
represented by 1. Naturally, the 
greater this amplitude can be made, 
the greater the amount of signal power 
output. Therefore, if we move the 
operating point down near the knee 
of the curve, we can apply a higher 
grid signal and produce AB1 opera- 
tion. The plate current swing for this 
class of operation is shown at the 

FIG. 8. Typical phase -inverter circuits. 
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right at 2. Notice that amplitude 2 is 
higher than 1; this means a greater 
amount of power output is obtainable. 
However, the lower half of this plate 
current cycle is flattened out, mean- 
ing that a large increase in even - 
harmonic distortion has occurred. 
This distortion would make class AB1 

operation undesirable were it not that 
push-pull operation fortunately elimi- 
nates the even harmonics. 

Increasing the grid drive more pro- 
duces class AB2 operation, in which 
the grid actually goes positive for a 
small portion of the cycle. This opera- 
tion gives even greater power output, 
shown by the fact that peak 3 is 
higher than either 1 or 2. 

Finally, when we move the operat- 
ing point to class B operation, right 
at the cut-off bias level, only one- 
half of each cycle of the incoming 
grid signal is reproduced in the out- 
put. The plate current for this class 
is represented by peak 4, which is 

much greater than that of any of the 
preceding classes of operation. When 
two tubes are operated in class B 

push-pull, one tube furnishes power 
for one-half cycle, then it is cut off 

while the other tube is delivering 
power. 

In class AB1 operation, in which 
no grid current is permitted to flow, 
it is possible to use the same kinds 
of circuits as in class A operation. In 
class AB2 and class B operation, how- 
ever, the grids of the power output 
tubes draw current during small por- 
tions of the grid cycle. As a result, 
there is a power dissipation in the 
grid circuits of the tubes; this power 
must come from the driver stage. 
Furthermore, to avoid extreme dis- 



tortion, the total grid circuit resist- 
ance must be kept very small so 
that there will be but a small voltage 
drop while grid current is flowing. 

For these two reasons, resistance 
coupling is not used for class AB2 or 
class B operation. Instead, the drive 
signal is applied through a specially 
designed input transformer that has 
a secondary winding with very low 
resistance or through a cathode fol- 
lower circuit like that shown in Fig. 
10. In the latter case, the "load" on 
the driver tubes VT, and VT2 consists 
of the coil L, and the cathode resistors 
R2 and R4. The low -resistance coil 
is in the VT3 and VT4 grid circuits, so 
grid losses are avoided. This connec- 
tion provides a good impedance match 
between the drivers and the output 
tubes and thereby reduces distortion. 
Incidentally, the drivers VT, and VT2 
are actually small power tubes (oper- 
ating in class A) that are driven by a 
voltage amplifier and a phase inverter. 

For these classes of operation, it 
is desirable to have the grid bias of 
the power tubes adjustable so that the 
plate currents can be balanced. The 
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FIG. 9. Four classes of amplifier operation. 

FIG. 10. A cathode -follower circuit used to 
feed the output stage in amplifiers operated in 

class AB2 or B. 

balancing arrangement shown in Fig. 
11 is commonly used. Adjusting the 
two potentiometers Rl and R2 makes 
it possible to get the plate currents 
equal and thus minimize the distor- 
tion that will naturally occur with 
these classes of operation. Incident- 
ally, since the bias is at the cut-off 
value for class B operation, it is not 
practical to use self -bias for the 
power tubes-the bias must be sup- 
plied by a separate source such as the 
power supply. 

L3 

C 
i 

FIG. 11. The plate currents of the two tubes 
are equalized by adjusting RI and R2. 
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FIG. 12. 
feedback. 

One method of introducing inverse 
The feedback path consists of C, 

and R2. 

A family of tubes that cut off at 
zero bias was once developed for class 
B operation. These tubes, of which 
the 6N7 is an example, require no 
external bias at all, and the signal 
swings for a half cycle into the posi- 
tive grid region. Such tubes are not 
used in modern amplifiers, but you 
may find them in some of the older 
ones. 

The problem of supplying an input 
signal to a class AB2 or class B stage 
frequently means that the tubes pre- 
ceding the power output tubes must 
be small power tubes themselves. The 
required grid input, although it may 
be only a fraction of a watt, is fre- 
quently more than the ordinary 
voltage amplifier tube is capable of 
supplying. 

Inverse Feedback. Any of the 
forms of inverse feedback that you 
studied in your fundamental Lessons 
may be found in public address sys- 
tems. The feedback may just be 
across the output stage-from the 
plate to the grid circuit, for example 
-or it may be over a loop of several 
stages. We'll see some typical dia- 
grams later, in addition to the exam- 
ples given in Figs. 12 and 13. To 

B O 
FIG. 13. Multistage feedback circuits. The feedback path in A consists of C4 and R,. In B, the 
fraction of voltage that is fed back is determined by the voltage division across R7 and R,. This 

voltage is fed back directly to Rs. 
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refresh your mind-the feedback volt- 
age is out of phase with the incoming 
signal and is of such nature that it 
decreases any distortion that is intro- 
duced between the point where the 
feedback occurs and the output. At 
the same time, the output level is 
reduced and the plate impedance of 
the output tube is brought down more 
nearly to that of the triode. The 
over-all result of this is that pentode 
and beam power output tubes can be 
used with nearly the fidelity obtained 
from the use of triodes. Although one 
of the advantages of the pentode and 
beam power tubes is lost in that the 

transformer tap arrangement. Each 
impedance value represents the im- 
pedance between that tap and the 
"common" terminal. Some amplifiers 
may have a few less taps and others 
may have a few more, but in general 
this is the basic arrangement. 

Standard loudspeakers have voice - 
coil impedances of 4 ohms, 8 ohms, or 
16 ohms. There are a few others, but 
these are the most common. If you 
are using a single loudspeaker of any 
of these values, all you need to do 
is to connect it between the proper 
taps to provide the desired impedance 
match to the output stage. 

500 w 

250 

16 

a 
4 
2 

COMMON 

FIG. 14. The taps on a typical output trans- 
former. 

power sensitivity is reduced, it is still 
better than that of triodes. 

LOUDSPEAKER COUPLING 

As you know, the ordinary radio 
receiver commonly has an output 
transformer designed specifically to 
match the particular loudspeaker used 
in the set to the output tube or tubes. 
In public address work, however, an 
amplifier may be used with any one of 
several types of loudspeakers or with 
a group of loudspeakers, depending on 
the installation, so the output trans- 
former must have taps to accommo- 
date different voice coil impedances. 

Fig. 14 shows a common output 

If you are using more than one of 
these standard loudspeakers, the 
voice coils may be connected either 
in series or in parallel to equal some 
impedance value that the transformer 
can supply. For example, if you con- 
nect two 8 -ohm loudspeaker voice 
coils in parallel, their net impedance 
will be 4 ohms, so you can use the 
4 -ohm tap. Connecting the same two 
8 -ohm loudspeakers in series would 
give 16 ohms net impedance, and the 
16 -ohm tap could be used; however, 
it is more common practice to connect 
the loudspeakers in parallel so that 
both will not be cut off if one of them 
should open or become defective. 
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Naturally, the more loudspeakers 
used, the more troublesome becomes 
the problem of impedance matching. 
We could connect four 8 -ohm loud- 
speakers in parallel to get a net im- 
pedance of 2 ohms, which our trans- 
former is capable of matching. How- 
ever, connecting three such loud- 
speakers in parallel would give an 
impedance of 8 - 3 or 2.6 ohms, for 
which there is no transformer tap. 
When an in-between value like this is 

obtained, it is usually best to use the 
output transformer tap that is next 
lower in impedance, because doing so 
minimizes distortion and loss of 
power. Therefore, we should use the 
2 -ohm tap. (As a practical matter, 
although it is desirable to match 
within 10%, mismatching up to 25% 
is tolerable and causes very little 
power loss.) 

Elsewhere, we will go further into 
this problem to show in more detail 
some of the difficulties met in coupling 
loudspeakers to amplifiers. 

Returning now to our transformer, 
you will notice that there are two 
high -impedance terminals, one rated 
at 250 ohms and the other at 500 
ohms. These are needed because the 
loudspeakers must frequently be at 
considerable distances from the ampli- 
fier. The loudspeaker voice coils have 
relatively low impedances, so even 
if you use rather large, low -resistance 
wires to connect them to the ampli- 
fier, there will still be considerable 
loss in the wire. For example, if we 
use No. 20 B & S wire to connect a 4 - 
ohm loudspeaker to an amplifier, we 
cannot have the loudspeaker farther 
than twenty-five feet from the ampli- 
fier if we are to keep the line loss to 
a value of 15%. If the loudspeaker 

must be placed farther away from the 
amplifier, or if the power loss is to be 
kept less than 15%, we would either 
have to use much larger wire or, pref- 
erably, use a higher -impedance line. 
Such a line will also be discussed else- 
where, but for now let us say that a 
line will transmit power with a mini- 
mum loss if we connect a fairly high 
impedance to both of its ends. An 
impedance of 500 ohms is commonly 
used. With the higher impedance, we 
can have a higher terminal voltage 
and a much smaller current for the 
same power. Since the loss in the line 
depends upon the I2R value, reducing 
the current for the same power deliv- 
ery means that the loss is decreased. 

Therefore, if we connect one end 
of a line to the 500 -ohm terminals 
of the output matching transformer, 
and connect the other end to a trans- 
former that is designed to match 500 
ohms to a voice coil, the line becomes 
relatively loss -free and can be run 
for considerable distances. For ex- 
ample, the No. 20 wire that we men- 
tioned before, when used as a 500 - 
ohm line, can be run for 1500 feet 
with a power loss of only 5%. As 
you recall, such wire has a 15% loss 
in a 25 -foot run when it is used to 
feed the voice coil directly. 

We'll go further into this problem 
of lines and impedance matching else- 
where. The important thing to know, 
as far as the amplifier itself is con- 
cerned, is that its output transformer 
has a number of secondary taps with 
which it is possible to match imped- 
ances under most ordinary circum- 
stances. 

Amplifiers vary considerably in the 
physical arrangement of their termi- 
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nais. Some have them brought out to 
a terminal strip to which the neces- 
sary loudspeaker connections can be 

made. In others, they are brought out 
to sockets into which the loudspeaker 
cables can be plugged. 

Voltage Amplifier Considerations 
An amplifier must have enough 

gain to raise the voltage level from 
that of the output of the microphone 
to whatever is required to drive the 
power output stage so that it will 
deliver the rated power output. By 
taking the ratio of these two voltage 

FIG. 15. A typical triode 
stage. 

levels, we can determine the gain in 
decibels needed. From this, we can 
set up any combination of stages, the 
product of whose gains equals the 
necessary gain value. In practically 
all modern amplifiers, the voltage 
amplifier stages are resistance coupled 
and, in general, they duplicate re- 
ceiver voltage -gain stages in their 
design. Triodes are commonly used; 
sometimes pentodes are used also. 
Figs. 15 and 16 show typical circuits. 

The only major differences between 
p.a. amplifiers lie in the number of 
stages used and in the special fea- 
tures, such as the input coupling, the 
methods of mixing signals, and the 
tone -control network. We shall now 
take up these special items, leaving 
complete schematics for later. 

voltage -amplifier 

INPUT CONNECTIONS 

Standard practice is to bring the 
input terminals of the p.a. amplifier 
to jacks so that the microphones and 
other devices may be plugged in 
easily. From these points, the circuit 
goes to the grid of the first tube. There 
are three basic input arrangements, 
all of which are shown in Fig. 17. 

Fig. 17A shows a high -impedance 
input, intended to operate from any 
high -impedance device such as a 
crystal phono pickup or crystal 
microphone. As you will learn in 
later Lessons, any signal source whose 
impedance is above, let us say 40,000 
ohms is considered to be high imped- 
ance and can be fed directly to a tube 
grid as shown here. 

Many microphones and the mag- 
netic phono pickups are relatively 
low -impedance devices. For example, 
some dynamic microphones have as 
low an impedance as have many elec- 
trodynamic loudspeaker voice coils. 

FIG. 16. A voltage -amplifier stage in which a 

pentode is used. 
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With devices of this kind, the proper 
impedance match must be made to 
the grid of the tube so that there 
will be sufficient voltage for proper 
operation. Also, since the microphone 
may sometimes have to operate at a 
distance from the amplifier, it is 

standard practice to use a matching 
transformer between the microphone 
or pickup and connecting line, which 
is almost always rated at 500 ohms. 
Then, at the amplifier, another trans- 
former is used to match the 500 -ohm 
line to the grid input of the first tube. 

There are two basic arrangements 
for low -impedance inputs, which are 
shown in Figs. 17B and 17C. To set 

FIG. 17. Three kinds of input circuits. A high - 
impedance circuit is shown in A, an unbalanced 
low -impedance circuit in B, and a balanced low - 

impedance circuit in C. 

a fixed value for the grid input im- 
pedance, a resistance of some value 
around 100,000 ohms may be con- 
nected as R2. Then, the transformer 
matches 500 ohms to the resistor 
value. 

Fig. 17B shows what is known as 

the unbalanced line, in which one side 
of the line is grounded. The micro- 
phone cable used here (and in the 
high -impedance circuit in Fig. 17A) 

is a coaxial type consisting of an in- 
sulated conductor surrounded by a 

flexible braided shield, which acts as 

the other side of the line. In Fig. 17C 

is shown the balanced line. The basic 
difference here is that there are two 
separate conductors and that the 
ground is made to a center tap at a 

transformer at each end of the line. 

These two conductors can be and 
usually are surrounded by shielding 
braid that serves as a ground return. 
The advantage of the balanced sys- 
tem is that both lines will pick up an 

equal amount of noise or hum voltage 
and will feed these equal voltages in 

opposite directions through the input 
transformer of the receiver so that 
they will cancel. (The signal current 
sets up a circulating current through- 
out the entire system, however, so it 
is not cancelled.) Therefore, in ap- 
plications where noise and hum are 
troublesome, the balanced input is 

used. 

MIXING AND FADING 
One of the important problems in 

p.a. work is the necessity of operating 
from more than a single source. Even 
the simplest of p.a. systems will have 
at least one microphone and one 

phonograph pickup, and will ordi- 
narily have provisions for connecting 
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FIG. 18. Two kinds of resistance mixing circuits. 

several other devices of these kinds 
if they are required. In some of the 
very elaborate systems, there may be 
anywhere from three to six micro- 
phones connected at one time, and 
there may well be two record players 
so arranged that it is possible to sup- 
ply music continuously by fading 
from one to the other. 

We can't just connect several 
microphones in series or in parallel 
and feed them all into the grid of a 
single tube. Besides introducing prob- 
lems of impedance matching, this 
would not permit us to have control 
over each individual input, which is 

quite necessary. Even when you have 
a group of microphones picking up the 
same program, as when you have two 
or three picking up an orchestra, it is 

necessary to adjust the level of each 
microphone individually to get the 
proper balance between all of the 
input levels. Then, to have a truly 
flexible arrangement, it is desirable 
to be able to turn one microphone off 

and turn another one on smoothly and 
simultaneously, without having to un- 
plug a microphone and then plug 

another one in its place. And, as we 
mentioned before, the same is true 
of record players-when continuous 
music is desired, it is important to be 
able to fade out one player and run 
in another one without any appreci- 
able break in the continuity of the 
program. 

Therefore, p.a. systems have a num- 
ber of input terminals, each with its 
own separate control to make it pos- 
sible to adjust the levels individually. 
You will find that p.a. amplifiers 
differ widely in the number of such 
input channels provided, according to 
the uses for which they are de- 
signed. However, regardless of wheth- 
er there are two microphone or phono 
input terminals or six, the following 
basic facts will apply. 

Resistance Mixing. Fig. 18 shows 
two examples of what is known as 
resistance mixing. In Fig. 18A we 

have two microphone channels, each 
feeding into its own individual level 
control R, or R2. By adjusting these 
controls individually, we can adjust 
the output from the corresponding 
channel to any desired level. Thus, it 
is possible to cut one off and the other 
one on, then to fade from the one that 
is on to the other one. Or, if desired, 
they may both be fed in at the same 
time at some predetermined level. 
From these controls, the signal goes 

through preamplifier tube VT, and 
then is resistance coupled to amplifier 
tube VT2. 

Potentiometer Rs acts as a master 
volume control in that it controls the 
total signal level. With this form of 

control, it is possible to preset the 
mixer control R, and R2 at some de- 

sired level and then use the master 
control to vary the volume as re - 
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quired. Placing the master volume 
control after amplifier tube VT, is 

desirable because all controls become 
noisy with use as poor contacts de- 
velop within them. Any noise signal 
caused by a control at the input of 
VT, will go through the entire ampli- 
fier and therefore receive maximum 
amplification. A similar noise caused 
by a control located at the input of 
VT, will produce far less noise output 
from the amplifier, because it will be 
amplified only by VT, and succeeding 
stages, not by VT, as well. In effect, 
then, placing a control at the input 
of VT, lengthens the life of the 
control, because it can get much 
noiser before it has to be replaced. 

Going back now to the input: resis- 
tors R8 and R. are used to prevent 
interaction between the two controls 
as much as possible. If these resistors 
were not used, and, for example, R, 
were set at zero, the grid of the tube 
would be grounded; there could then 
be no input no matter where R, was 
set. With resistors R8 and R. in the 
circuit, however, the grid cannot be 
grounded by setting either R, or R, 
to zero; as a matter of fact, R8 and 
R. are so large that adjusting either 
control throughout its range changes 
the resistance in the grid circuit very 
little. As a result, any adjustment of 
the control in one channel has little 
effect on the other channel. 

The output from a microphone is 
always much less than that of any 
standard phonograph -record player. 
Therefore, there is always an extra 
triode or pentode preamplifier in the 
microphone channels. Notice that the 
phonograph outputs feed directly to 
the master volume control R8 in Fig. 
18A, whereas VT, acts as a preampli- 

fier for all the microphone channels. 
Although R, and R2 get less use 

than the master volume control, they 
will still get noisy in time, and, be- 
cause of the extra amplification, this 
noise will become objectionable very 
quickly. Furthermore, this particular 
form of resistance mixing always re- 
sults in signal loss because R8 and R4 

act as a voltage divider for any input 
signal. Since the signal is very weak 
at the grid of the preamplifier tube, 
very often the arrangement shown in 
Fig. 18B is used instead. Here, sepa- 
rate preamplifier tubes are used for 
each microphone channel, with the 
result that the very weak microphone 
signal feeds directly to the grid of its 
preamplifier tube and is boosted in 
volume at once. Then, each channel 
feeds into its volume control-R5 for 
channel 1 and R8 for channel 2. 

Resistors R, and R8 are used to pre- 
vent too much interaction between 
these controls, just as R8 and R. are 
in the circuit in Fig. 18A. Since the 
channel fader controls are now in the 
position occupied by the master vol- 
ume control in Fig. 18A, it is common 
practice to eliminate the master vol- 
ume control altogether and to use 
these fader controls as individual 
volume controls and as the fader - 
mixer control. 

Electronic Mixing. Another input 
system is shown in Fig. 19A. This 
system is called "electronic mixing"; 
it is not the same as the electronic 
mixing with which you are familiar 
from your studies of radio, however, 
because the mixing does not occur in 
the electron stream of a tube. Sepa- 
rate amplifier tubes are used for each 
channel, both of which feed into a 
common -load resistor. This arrange - 
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FIG. 19. Two examples of electronic mixing. 

ment makes it possible to adjust the 
input levels to either of the tubes 
without seriously affecting the other 
channels. The tubes thus act as de - 
coupling devices that isolate the chan- 
nels from each other. 

Of course, if any channel is over- 
loaded so that the plate resistance of 
its corresponding preamplifier tube 
changes, there will be an effect on 
the other channel, because each tube's 
plate resistance acts in shunt across 
load resistor Rs. This effect can be 
reduced by the arrangement shown in 
Fig. 19B, in which resistors R5 and 
RB have been added to stabilize the 
two plate resistances. There is no ap- 
preciable interaction between the two 
channels when they are coupled this 
way. 

Of course, this arrangement has the 
disadvantage of requiring that each 
channel be controlled at its input by 
a mixer control. As we mentioned, 
this is bad from the standpoint of 
noise production. Therefore, a com- 
bination consisting of two preampli- 
fier tubes in each channel is some- 
times used (see Fig. 20) . Here, we 

still have the so-called electronic 
mixing in that tubes VT, and VT, 
feed into a common load resistor R7. 
The controls are now not at the input 
-tubes VT, and VT2 amplify their 
corresponding input signals so that 
the signals will be above any normal 
noise level produced by the control. 
A master volume control can be used 
at the input of VT5 if desired, but in 
most cases the fader controls are used 
as volume controls. 

When there are three, four, or more 
microphone channels, they can be 
connected in the same manner as two 
are. Usually all the microphone 
channels are treated alike. 

Phonograph Channels. It is 
necessary to control the outputs of 
the phonograph -record players just 
as it is the outputs of microphones. 
If the system uses a master volume 
control like those shown in Figs. 18 
and 19, it can be used to set the vol- 
ume level. However, there is usually 
a separate control in each phono- 
graph channel so that the average 
level can be set to correspond some- 
what with the outputs from the 
microphone channels. Such a sep- 
arate control is also necessary if 
phonograph music is to be used in 
the background behind programs 

FIG. 20. An improved electronic mixing circuit. 
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coming through a microphone chan- 
nel. In such cases, it is necessary 
to balance the volume levels of the 
two channels so that they have the 
desired relative loudness. The mas- 
ter volume control can then be used 
to regulate the over-all volume. 

Ordinarily, when there is more than 
one phonograph channel, a resistive 
mixing circuit like the one shown 
in Fig. 21A is used. As before, re- 
sistors R3 and R. are inserted to 
prevent the controls from having too 
great an effect on each other. 

A special fader control that is 
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o 

FIG. 21. Two kinds of circuits for phono inputs: 
a mixing circuit (A) and a fader circuit (B). 

sometimes used for two phonograph 
channels is shown schematically in 

Fig. 21B. This control has a ground- 
ed center tap. As you can see, the 
output of each channel is applied 
across half the control. With this ar- 
rangement, there is zero output when 
the slider is set at the center. When 
the slider is moved toward one end 
of the control, the output from the 
channel connected to that half of the 
control is increased, but the other 
channel is cut off. If the control arm is 

moved in the other direction, the out- 
put of the other channel is increased 
and that of the first one is cut off. 

This is called a fader control because 
it is possible to move from maximum 
volume for one channel down to zero 
for both and then gradually up to 
maximum for the other. Such a control 
has the worthwhile feature that only 
one hand is necessary to operate it. 

Similar fading can be obtained with 
the controls shown in Fig. 21A, ex- 
cept that two hands must be used, one 
on each control. Since the operator 
may at that time have other duties, 
such as placing the pickup head 
properly on the record that is just 
starting, the one -handed control is de- 
sirable. However, it has a disadvan- 
tage in that you can only fade from 
one channel to the other, you cannot 
mix them. The control in Fig. 21A 
permits both record players to be 
operated at the same time, if this is 
ever desired. 

Resistors R3 and R, in Fig. 21A 
serve the same purpose they did in 
Fig. 18A-they prevent the controls 
from interacting on each other too 
much. Similarly, resistor R, in Fig. 
21B acts as a decoupling resistor to 
prevent the control from grounding 
the grid circuit to which it connects. 

TONE CONTROLS 

Every form of tone control with 
which you are familiar in radio re- 
ceivers is used in p.a. equipment. In 
addition, there are a few types found 
only in p.a. systems. Most of these 
involve some type of degeneration. A 

basic example is shown in Fig. 22. 

Here, when the switch SW is in posi- 
tion 1, all the a.c. components of the 
plate current must flow through R1. 

Since the bias for the grid of the tube 
is developed across this resistor, all 
a.c. components are fed back equally, 
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so we have degeneration that is flat 
with respect to frequency. 

When the switch is thrown to posi- 
tion 2, condenser CI is connected 
across R1. If condenser C1 is large 
enough, its reactance is so small that 
all audio frequencies are by-passed 

Courtesy Thordarson 
FIG. 22. A basic tone -control circuit. 

around R11 and there is no degenera- 
tion at all. However, if this condenser 
is made rather small, its reactance 
comes into play. At low frequencies, 
it becomes a poor shunting path 
around R1, so low frequencies are 
degenerated. On the other hand, since 
its reactance drops as frequency in- 
creases, it becomes a better by-pass 
at high frequencies, which are there- 

fore not degenerated. Since degenera- 
tion reduces the output, this condenser 
now effectively reduces the bass re- 
sponse, because the bass frequencies 
are degenerated but the treble fre- 
quencies are not. 

In position 3, a choke coil is substi- 
tuted as the shunt across R1. The 
large condenser C2 is in series with 
the coil to act as a blocking condenser 
to prevent it from changing the bias 
by shunting R1 by a d.c. path. How- 
ever, the action is now the opposite to 
that when C1 is in the circuit. Now, 
L1 offers a low -impedance path for 
low frequencies, so there is, no degen- 
eration at these frequencies. It is a 
high-impedence path for high fre- 
quencies, however, so they are degen- 
erated. Hence, the high -frequency 
response is reduced when the switch is 
in position 3. 

The actual tone control circuits 
used are frequently more elaborate 
than this. We'll see some practical 
examples when we take up typical 
diagrams of complete amplifiers. 

31 



Typical P.A. Diagrams 
In the following section, we are 

going to show two typical p.a. ampli- 
fiers. We have chosen these diagrams 
to illustrate some of the circuit ideas 
we have discussed. Other complete 
diagrams will be discussed elsewhere. 

LOW -POWER AMPLIFIER 

Our first example is shown in Fig. 
23. An examination of the power sup- 
ply shows that it is a standard a.c. 
type with a transformer, using a full - 
wave rectifier and a brute -force filter. 
There is nothing at all remarkable 
about the power supply. 

This particular amplifier has one 
microphone and one phonograph pick- 
up connection. The microphone con- 
nection is of the high -impedance type, 
since it is arranged to feed directly 
into the grid of the 6J7 microphone 
preamplifier tube. The phono pickup 
is likewise of the high -impedance type 
and feeds into the grid of the second 
tube. The potentiometer R1 acts as a 

volume control for the phonograph, 
and Re acts as the control for the 
microphone channel. No master con- 
trol is used. Since R. is to be used as 
the volume control for the microphone 
channel, rather than just a level - 
setting control, it is in the grid circuit 
of the second tube that you would 
expect to find the master volume 
control. This arrangement permits the 
control to have a longer life, as you 
have learned, because any noise de- 
veloped by the control is not ampli- 
fied as much as is the signal from the 
microphone. 

Resistors R. and R. are decoupling 
resistors used to prevent too much 

interaction between the two controls. 
It is possible to blend the phono pick- 
up in with the microphone signal if 
this is desired. 

Whatever the signal source may be, 
the second (6SJ7) tube acts as the 
major voltage amplifier. Its output 
drives the grid of a 6L6 beam -power 
output tube. 

The output transformer has a tap- 
ped secondary, the various taps of 
which are connected to a socket into 
which the loudspeaker line is plugged. 
Any of 5 output impedances can be 
selected by plugging the line into the 
proper terminals. Since this amplifier 
delivers only 8 watts, it is generally 
used to drive a single cone -type 
loudspeaker, although it can be 
arranged to drive two small loud- 
speakers at reduced output. 

The output impedance of 4, 8, and 
15 ohms provide for direct voice -coil 
connections, and the line impedance 
values of 250 and 500 ohms allow a 
transmission line to be used. 

Inverse feedback is used to improve 
fidelity. The feedback path is from 
the 250 -ohm tap on the secondary of 
the output transformer through R16 
to the cathode of the 6SJ7 voltage 
amplifier. The inverse feedback volt- 
age is developed across Rs, which is 
not by-passed. If the proper output 
transformer connections are made, 
this feedback voltage will be out of 
phase with the applied signal in the 
cathode circuit; it will therefore re- 
duce the over-all gain but at the same 
time will reduce even more any dis- 
tortion developed within the voltage 
amplifier and output stages. 
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The tone control consists of resistor 

R13 and condenser C5, which is con- 
nected to the slider of R13. As the 
slider is moved toward the grid end 
of the control, C, becomes more and 
more of a by-pass, thus reducing the 
high -frequency response of the ampli- 
fier. 

MEDIUM -POWER AMPLIFIER 
Fig. 24 shows a medium -power 

amplifier that has several unique fea- 
tures. There are two microphone in- 
puts, each feeding into its own triode 
preamplifier. R11 is a gain control for 
microphone No. 1 and R10 a similar 
control for microphone No. 2. Notice 
that these are connected in an unusual 
manner-they appear to be backward 
from the way you are used to seeing 
volume controls. This connection 
makes it impossible for one gain con- 
trol to short out the other when it is 
turned to zero, as you will find by 
examining the circuit. For example, 
if the slider on R11 is run up to the 
top, R11 is shunted by R, and by the 
plate impedance of the preamplifier 
tube for the No. 1 microphone. There- 
fore, it is never a complete short cir- 
cuit. Resistor R, is necessary because 
the plate impedance of the preampli- 
fier tube is not sufficiently large to 
make it a satisfactory shunt. Ra is 
used similarly in series with the slider 
on R10. 

There are two phonograph termi- 
nals, and the phono gain control is of 
the center -tapped type so that it can 
act as a fader from one to the other. 
An additional phono input is con- 
nected in parallel with phono input 
No. 1. However, this is for use with a 
built-in record player, which may be 
made a part of the amplifier cabinet 

When this is used, phono input No. 1 

is normally not used. 
The phono gain control feeds into 

the grid of the 6SJ7 mixer tube, 
along with the microphone input. This 
is a resistance form of mixing, since 
all the signals are combined at the 
grid of this tube. 

The plate of this tube is resistance - 
coupled to the control grid of the 6V6 
driver tube. This driver tube is a 
beam -power tube but is connected 
here as a triode. It still furnishes con- 
siderable power through transformer 
T, to the grids of the actual power 
output tubes, which are two 6L6's 
connected in push-pull. 

The tone control network consists 
of Ce, R,4, R16, and Co which are 
connected in series from the plate to 
the cathode of the 6SJ7 mixer tube. 
When the slider on the tone control 
R10 is at the upward position (at the 
terminal connected to R14), then Ce 

and R14 are in series to ground from 
the plate of this tube. They act as a 
high -frequency by-pass. At the same 
time, all the resistance of R16 is in 
series with Co so this condenser is 
effectively no longer a by-pass across 
the cathode resistor R,2. Therefore, 
complete degeneration occurs, which 
tends to flatten the over-all response. 

When the slider on R16 is moved 
to the opposite end of the control, the 
full value of R16 is in series with R14} 

and CB is no longer an effective by- 
pass. At the same time, condenser C, 
is connected across R12. Since C4 is a 
fairly small condenser, it is a very 
poor by-pass at low frequencies, so 
the low frequencies are still degene- 
rated. It does become an effective by- 
pass at the high frequencies, however, 
thus reducing the degeneration at the 
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high frequencies. Therefore, at this 
end of the control we are favoring the 
high -frequency response of the ampli- 
fier by reducing the effect of 06 and 
putting C. in the circuit. At the other 
position, the high frequencies are re- 
duced because 06 is an effective by- 
pass. 

The output transformer has a tap- 
ped secondary, the taps of which are 
connected to a 4 -position "speaker 
switch." Rotation of this switch con- 
nects the various taps to 4 paralleled 
sockets into which the loudspeaker 
lines are plugged. Thus it is possible 
to add or remove loudspeakers at will, 
provided the switch is set to give the 
proper impedance match. A separate 
socket is provided for use when a 
500 -ohm line is to be used. 

Examining the power supply, we 
find that the B power supply is more 
or less standard. There is a direct 
connection, with no filtering except 
for the input filter condenser, to the 
plates of the output tubes. The sup- 

ply to the output tube screen grids is 

filtered by an R -C filter consisting 
of 322 and output filter condenser Clo. 

The plate supply of the 6V6 is filtered 
by R22 and C10 and is additionally 
filtered by choke T2 and C9B. Simi- 
larly, R21 and C9A provide more filter- 
ing for the screen grid and plate of 
the 6SJ7 tube and the plates of the 
12SQ7 tubes. 

Because the preamplifier provides 
hig'i gain, great care must be exer- 
cised to reduce hum. In this amplifier, 
the filaments of the 12SQ7 tubes are 
fed from a d.c. source; they are con- 
nected in series across R2S7 which is in 
the B- lead of the power supply. Ef- 
fectively, therefore, the plate current 
for all the tubes flows through these 
two filaments and through R23. This 
means that the supply is nearly pure 
d.c., and is much more hum -free than 
an ;s.c. supply would be. Incidentally, 
the drop across this combination of 
R2, and the two tube filaments also 
acts as grid bias for the 6L6 tube. 
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Here is another one of my favorite quotations-this 

"My son, remember you have to work. Whether you 
handle pick or wheelbarrow or a set of books, digging 
ditches or editing a newspaper, ringing an auction bell 
or writing funny things, you must work. Don't be afraid 
of killing yourself by overworking. Men die sometimes, 
but it is because they quit at five p.m. and don't go home 
until two a.m. It's the intervals that kill, my son. The 
work gives you appetite for your meals; it lends solidity 
to your slumber; it gives you a perfect appreciation of 
a holiday. There are men who do not work, but the 
country is not proud of them. It does not even know 
their names; it only speaks of them as old So-and-So's 
boys. Nobody likes them; the great, busy world doesn't 
know they are here. So find out what you want to be and 
do. Take off your coat and make dust in the world. The 
busier you are, the less harm you are apt to get into, 
the sweeter will be your sleep, the brighter your holidays, 
and the better satisfied the whole world will be with 
you." 
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A PREVIOUS LESSON has shown 
you how the television input tuner 

selects the desired signal and, by the 
heterodyne process, converts it to an 
i.f. signal. Just as in a sound receiver, 
the video i.f. signal must now be 
passed through an i.f. amplifier to a 
demodulator (detector). We shall 
study the operation of both these sec- 
tions of a TV receiver in this Lesson, 
starting with the video i.f. amplifier. 

There are three things the video i.f. 
amplifier must do: 

1. It must amplify the video i.f. 
signal. Most of the gain of a TV re- 
ceiver is obtained from the i.f. ampli- 
fier, just as it is in sound receivers. 
Naturally, this amplification must be 
obtained over the band width that is 
desired. This presents quite a problem 
at the TV frequencies. 

2. It must provide sufficient adja- 
cent -channel selectivity. As we shall 
see later, it is not easy to get the 
response curve as sharp as is desired if 
we use the tuning methods with which 
we are familiar, because we have to 
use such low Q values to get the de - 

SWEEP 
CIRCUITS 

POWER 
SUPPLIES 

sired band width. In fact, it is neces- 
sary to use traps to get the selectivity 
needed. 

3. It must get rid of the sound sig- 
nal if the sound is not supposed to go 
through the video i.f. amplifier. 

Sound and Picture Carriers. The 
problem of the sound signal brings up 
the important point that we have two 
separate and distinct signals for each 
television program. The video signal 
is an amplitude modulation on one 
carrier, and the accompanying sound 
signal is a frequency modulation on 
an entirely separate carrier. Both sig- 
nal frequencies for a particular station 
are located within the "channel" as- 
signed to that station, and, as shown 
in Fig. 1, the carrier frequencies are 
4.5 mc. apart. This figure shows the 
arrangement of the signals for all 
TV stations. 

As you can see from this illustra- 
tion, the transmitted picture carrier is 
1.25 mc. from the lower edge of the 
channel, and the sound carrier is 4.5 
mc. higher in frequency, leaving about 
.25 mc. between the sound carrier and 
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the upper end of the channel as a 
"guard" band to reduce interference 
with the channel next above. 

In the converter, the local oscillator 
beats with both the sound and the 
video carriers and produces two en- 
tirely separate i.f. signals. Since the 
local oscillator frequency is usually 
above the incoming signal frequencies, 
the normal arrangement of beating 
produces a picture or video i.f. carrier 
that has a higher frequency than the 
sound carrier-just the opposite of 
their relationship when they are trans- 
mitted. Channel 2, for example, ex- 
tends from 54 to 60 mc. The picture 
carrier at the transmitter is 55.25 mc., 
and the sound carrier is 59.75 mc. (4.5 

converter, from which point the sound 
signal is fed directly to the sound i.f. 
amplifier and the video signal is fed 
to the video i.f. amplifier. 

In other receivers, the sound signal 
may accompany the video signal 
through one or two of the video i.f. 
stages. The purpose of using this 
arrangement is to give the sound sig- 
nal enough preliminary amplification 
so that one or two less tubes may be 
used in the sound i.f. amplifier. When 
the sound signal is finally separated 
from the video amplifier, the follow- 
ing video stages must reject the sound 
signal as much as possible. (This is 
also necessary in sets in which the 
sound is not deliberately applied to 
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FIG. 1. This illustration shows the rel- 
ative positions of the picture carrier and 
the sound carrier within a 6 -mc. tele- 
vision channel. The two carriers are in 
these relative positions in all channels. 

mc. higher). Let's say it is picked up 
by a receiver that has an i.f. range of 
about 21-26 mc., the oscillator of 
which is set at, say, 81 mc. for recep- 
tion of this band. The video i.f. car- 
rier in this receiver is then 25.75 mc. 
(81-55.25). The sound carrier fre- 
quency is 21.5 mc. (81-59.75). Thus, 
the heterodyning process changes the 
positions of the frequencies-the one 
that was higher in the transmitted sig- 
nal produces the lower i.f. signal. 

Since we have two entirely separate 
and distinct i.f. carriers at the output 
of the converter, it is possible to treat 
them as independent signals. That is 
just what is done in many television 
receivers. The two i.f. carriers are 
separated right at the output of the 

the video i.f. amplifier.) Unless the 
sound i.f. signal is rejected before both 
signals can get to the video detector, 
the two carrier frequencies will beat 
against each other to produce a 4.5 - 
mc. signal. This 4.5 -mc. beat signal 
will produce an undesirable fine over- 
all dot or grain pattern in the picture 
that will make it impossible to get the 
maximum of picture detail. Also, 
cross -modulation products may pro- 
duce sound "bars" across the picture. 
To prevent such effects from occur- 
ring, receivers that have a separate 
sound i.f. amplifier that is tuned 4.5 

mc. lower than the video i.f. use 
sound -rejection traps in the video i.f. 
amplifier beyond the point where the 
sound signal is taken off. 
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Not all sets use this kind of sound 
i.f. amplifier, however. Several use a 
system known as intermodulation for 
producing the sound signal. In this 
system (which is used chiefly because 
a few less tubes are needed in it than 
are needed in other systems), both the 
sound and the video signals are al- 
lowed to pass through the video i.f. 
amplifier and into the video detector. 
In the detector, the 4.5 -mc. beat men- 
tioned above is produced. This 4.5 -mc. 
signal constitutes an i.f. carrier, fre- 
quency modulated by both the ampli- 
tude modulation of the picture and 
the frequency modulation of the sound. 

To separate the sound from the pic- 
ture signal, the modulated 4.5 -mc. sig- 
nal is passed through a limiter, which 
wipes out the amplitude variations, 
leaving the carrier frequency modu- 
lated by the sound. This signal is then 
fed into a discriminator, which de- 
modulates it and so furnishes the de- 
sired sound signal to the audio 
amplifier. 

Traps are used in the video ampli- 
fier to remove the 4.5 -mc. beat signal 
from the picture signal. Traps are also 
used in the video i.f. to reduce the 
sound carrier so that it will be easier 
to separate the sound and picture sig- 
nals after the video detector. 

For now, let's ignore the problems 
of the sound signal (which we shall 
study in another Lesson) and consider 
the video i.f. signal by itself. Basical- 
ly, the video i.f. signal is an i.f. car- 
rier that is amplitude -modulated by 
frequencies ranging from about 10 
cycles to about 4 mc. In this modu- 
lation are both the picture signal and 
the synchronizing impulses from the 
transmitter. If the set is to have high 
definition, the video i.f. must be capa- 
ble of passing all these frequencies- 
in other words, it must pass a band of 
signals about 4 mc. wide. (In sets 

that use a 7 -inch picture tube, ex- 
tremely high definition is not an abso- 
lute requirement, because a watcher 
is not able to see fine detail in a small 
picture at normal viewing distances. 
For this reason, some of these sets 
have band widths of only about 3 mc.) 

As you will recall, amplitude modu- 
lation produces side bands on either 
side of the carrier. If we use a 4 -mc. 
modulation, therefore, we ought to 
need a band width of 8 mc. Obviously, 
it is desirable to avoid using such a 
band width, because it would be very 
difficult to cover at the i.f. frequen- 
cies: we would have to use circuits 
that were very low in Q-so low, in 
fact, that we would get very little 
gain from the i.f. amplifier. Let's see 
how we are able to avoid using an 
8 -mc. band. 

VESTIGIAL SIDE -BANDS 
When a signal is amplitude modu- 

lated, the carrier frequency is mixed 
with the modulating frequency in such 
a manner that a sum frequency and 
a difference frequency are produced 
for each frequency in the modulating 
signal. Let's suppose, for example, 
that we have a carrier of 100 mc. and 
that we are using a 2 -mc. modulating 
signal. Two side frequencies will then 
exist, one on either side of the carrier: 
one will be 102 mc. (100 mc. plus 2 
mc.), and the other will be 98 mc. 
(100 mc. minus 2 mc.) . Similarly, 
other modulating frequencies will pro- 
duce signals on either side of the 
carrier. 

Half of the modulating energy is 
used to produce each of these side 
frequencies: that is, one-half of the 
modulating energy is in the upper 
side band, and one-half is in the lower. 
The modulation in each side band is 
identical with that in the other; if 
we cut off one of the side bands, there- 
fore, the remaining one will contain 
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all the information that was in the 
original modulating signal. However, 
we shall lose half of our power in the 
process. This loss of power will pro- 
duce some amplitude distortion; more 
important, the loss will reduce the 
signal strength and hence cut down 
on the reception range. 

To avoid this loss of power, it is 
common to use double side -band 
modulation in all cases where it can 
be used. However, if there is a wide 
band of signals to be passed, as in 
television, or if the spectrum is very 
crowded by signals, as in certain com- 
mercial services, it is standard prac- 
tice to eliminate one of the side bands 
(it doesn't matter which one) and to 
supply more energy at the transmitter 
to make up for the loss of signal. At 
the receiver, the process of demodula- 
tion will reconstruct the modulation 
signal from the remaining side band 
and the carrier. 

In television, however, there are two 
reasons why we do not completely 
suppress all of the side band we are 
trying to get rid of. One is that we 
should have to use extremely sharp 
filter circuits in the transmitter. Re- 
member, we must not get rid of the 
carrier-it is vital that the carrier be 
transmitted so that we can regain our 
desired modulation. Therefore, if we 
were going to remove one side band 
completely, our filter would have to 
remove frequencies within about 10 

cycles of the carrier frequency but 
not cut into the carrier or the desired 
side band. 

It is very difficult to make a filter 
that will cut off as sharply as this. 
Instead of attempting to do so, we use 
a filter that cuts off more gradually, 
thus taking out most but not all of the 
undesired side band. This is called 
partial suppression, since some of the 
undesired side band is left intact. 

Phase Shift. At the receiver, there 
is another reason for not cutting off 
the frequencies too sharply. When we 
feed a double side -band signal through 
a resonant circuit, the carrier or reso- 
nant frequency undergoes no phase 
shift, but frequencies above and below 
the carrier do: frequencies on one side 
of resonance are forced to lead the 
carrier frequency, and those on the 
other side are forced to lag the carrier. 
The phase shift undergone by the 
side -band frequencies increases rapid- 
ly with their displacement from the 
carrier, reaching 90° at frequencies 
very close to the carrier. The phase 
shift of the frequencies displaced far- 
ther from the carrier remains relative- 
ly constant at about 90°. 

These phase shifts are unimportant 
when we have both side bands, be- 
cause they cancel in the process of 
detection. When we suppress one side 
band, however, all the remaining side - 
band frequencies are on one side of 
the carrier; as a result, the phase shift 
they undergo will not be automati- 
cally cancelled in the detector. 

As you will learn later, the problem 
of phase shift is particularly impor- 
tant in television, especially at the 
lower modulation frequencies. There- 
fore, it is a good idea to let the lower 
frequencies in the undesired side band 
stay in the transmitted signal, because 
their phase shifts will cancel those of 
the equivalent frequencies in the de- 
sired side band when detection occurs. 
The shift in the higher frequencies will 
still be present, but that shift is not 
as troublesome. 

For these reasons, the filters at the 
transmitter are designed to pass all 
frequencies in the undesired side band 
out to about .75 megacycles from the 
carrier, then to introduce a gradual 
suppression so that the undesired band 
is completely cut off at about 1.25 
megacycles from the picture carrier. 
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This is the relationship shown in Fig. 
1, where the lower side band is the 
one being suppressed. 

Effectively, therefore, we have 
double side -band transmission for fre- 
quencies within the range from about 
10 cycles out to .75 mc. The ampli- 
tude of the lower side band is then 
systematically reduced until it reaches 
zero at 1.25 mc., beyond which point 
we have only the upper side -band fre- 
quencies. This system has two ad- 
vantages: it eliminates the phase shift 
of the lower frequencies, and it makes 
it possible to use a relatively simple 
filter. 

Since a part (a "vestige") of one 
side band and all of the other are 
transmitted, this system is known as 
"vestigial" side -band transmission. If 
we want to pass the signal in the form 
shown in Fig. 1, we need to pass a 
band only about 5 mc. wide instead 
of having to pass the S -mc. band that 
would be needed if double side -band 
transmission were used. However, as 
we shall show, it's possible to get 
along with a pass band only about 4 
mc. wide. 

I.F. RESPONSE 
We said earlier that transmitting 

two side bands gives double the energy 
that single side -band transmission 
offers. Since vestigial side -band trans- 
mission is actually double side -band 
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FIG. 2. The heavy line shows what the 
detector output would be if all the trans- 
mitted TV signal were applied to the 
detector. The output would be high 
at the low frequencies because part of the 

lower side band is transmitted. 
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FIG. 3. A receiver would have to have 
an i.f. pass band of the width shown here 
to pass both the desired side band and 

the vestigial side band. 

transmission as far as the low fre- 
quencies are concerned, the detector 
output for low frequencies (up to .75 
mc.) will be twice what it is for the 
higher frequencies, as shown in Fig. 
2, if the transmitted signal is not 
modified before it is applied to the 
detector. The output for frequencies 
between .75 mc. and 1.25 mc. will 
gradually roll off as the one side band 
is suppressed; at frequencies above 
1.25 mc., the detector output will re- 
main constant out to the modulation 
limits around 4 mc. 

This increased detector output at 
the lower frequencies can be per- 
mitted; we can correct for it easily by 
making the low -frequency response of 
the following video amplifier fall off 
so that the over-all response will be 
flat. However, if we were to pass all 
the vestigial side band as well as all 
the desired one, we would need an i.f. 
pass band like that shown in Fig. 3. 
In other words, we would need a pass 
band of about 4.75 to 5 mc. (Remem- 
ber that the "pass band" lies between 
the points having 70% of the maxi- 
mum response, not between the points 
of zero response.) 

Therefore, what is generally done is 
to arrange the video i.f. response so 
that the carrier frequency is on the 
slope of the response, as shown in 
Fig. 4. (Remember that the hetero- 
dyne process inverts the frequencies 
so that the upper side band in the 
transmitted signal is lower in fre- 
quency than the carrier in the i.f. 
stages.) If the carrier frequency is 
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at a point where the i.f. response is 
50% of the maximum response, and 
the curve A -B -C has the proper slope, 
the vestigial side band and the corre- 
sponding frequencies in the desired 
side band will be gradually attenu- 
ated. As a result of this attenuation, 
the low -frequency response will be no 
greater than the high -frequency re- 
sponse if the curve is properly shaped, 
even though two side bands furnish 
the low frequencies. The detector out- 
put will therefore be flat. 

When this system is used, the in- 
creased attenuation of the lower side 
band means that the frequency at 
which phase shift will be troublesome 
will be somewhat lower than it would 
be if the whole vestigial side band 
were passed. However, it will still be 

60% or 70% of the maximum instead 
of at the 50% point. 

The "standard" i.f. response shown 
in Fig. 4 is also subject to other varia- 
tions. It is quite possible that there 
may be peaks in the response to com- 
pensate for deficiencies in the input 
tuner or in the video amplifier. Fur- 
thermore, in those sections of the 
video i.f. amplifier that pass the sound 
carrier as well, the response must be 
broad enough to permit the sound 
carrier to go through these stages. In 
a set in which the intermodulation 
system is used, the sound carrier is 
passed through the entire i.f. ampli- 
fier; the band width of this amplifier 
must therefore be greater than 4 mc. 
in such a set. 

CARRIER 
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c 

FIG. 4. Arranging the i.f. response so 
that the picture carrier falls at the point 
shown makes it possible to have a flat 
detector output and to pass all the de- 
sired side band with an i.f. band width 

of 4 mc. 

high enough to make correction of the 
phase shift a relatively simple matter. 

The advantage of this system, aside 
from the fact that it can be made to 
give a flat detector output, is that it 
permits all the frequencies in the 
upper side band to be passed with an 
i.f. band width of 4 mc. (between the 
points at which the output is at least 
70% of the maximum) . 

If the carrier is placed nearer point 
A on the A -B -C section of the curve 
in Fig. 4, the low -frequency response 
will be higher than it would be with 
the carrier at point B. Some manu- 
facturers secure greater low -frequency 
response in this way, putting the car- 
rier at a point where the response is 
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VIDEO I.F. VALUES 

There are several conflicting factors 
that engineers have to consider when 
they select the video i.f. carrier fre- 
quency. 

The range within which the i.f. 
frequency may lie is limited at its 
upper end by the fact that the i.f. 
must be below the lowest channel that 
it is desired to tune to. The wide 
range of modulating frequencies used 
makes it impractical to have the i.f. 
too low. As a matter of fact, the wide 
frequency range makes it impossible 
to get much gain at a low carrier fre- 
quency, because, as you know, the 
band width of an i.f. stage is approxi- 



mately equal to the quotient of the 
resonant frequency divided by the Q 
in the circuit. If the resonant fre- 
quency is low, the Q must also be low 
to create the band width necessary in 
a video i.f. amplifier; and a circuit 
having low Q has low gain also. 

There is one other important factor 
that affects the choice of the i.f. fre- 
quency. The i.f. band should not be 
in a channel that is used extensively 
in other radio communications fields; 
if it is, undesired station signals at 
any of the i.f. frequencies may ride 
through the input tuner and cause 
serious interference. 

In early television receivers, low i.f. 
values were used. The video i.f. car- 
rier was about 13 mc. and the sound 
i.f. carrier about 8.5 mc. These values 
were used because it was extremely 
difficult to obtain high gain at higher 
frequencies at that time. Recently, 
however, wiring techniques have been 
refined. In addition, miniature tubes 
have been brought out that have very 
high mutual conductances and rela- 
tively low interelectrode capacities; 
these permit us to secure better L/C 

ratios and hence higher load imped- 
ances for the same Q. All these im- 
provements combine to make it pos- 
sible to obtain reasonable gain at high 
frequencies. 

In the recent past, many manufac- 
turers settled on frequencies some- 
where in the range between 21 and 26 
mc. for the i.f. pass band. However, 
image interference difficulties have 
produced a movement at the present 
time toward even higher frequencies, 
because the use of these helps the pre - 
selector in its duty of getting rid of 
image frequencies. (You will recall 
that the image frequency is twice the 
i.f. above the desired signal. The 
higher the i.f., the further removed is 
the image frequency from the desired 
one, and hence the easier it is for the 
preselector to tune it out.) 

Some manufacturers are now using 
i.f. frequencies in the region around 
40 mc. In the future, more manufac- 
turers may use i.f. frequencies this 
high, or input tuners may be re- 
designed so that the image problem 
can be solved with the present 21-26 
mc. frequency range. 
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Getting the Desired Response 
A little consideration will show you 

that it is not practical to try to get 
the "standard" response shown in Fig. 
4 with just a parallel resonant circuit. 
First of all, the band width is so great 
that even a heavily loaded single - 
tuned circuit could not give the de- 
sired response. Furthermore, we must 
use more parts than a single circuit 
cbntains to get the rather peculiarly 
shaped edges of the pass band shown 
in Fig. 4. 

Let's learn a little more about the 
problem and then see what kinds of 
circuits can be used to give us the 
response we want. 

PARALLEL RESONANT 
CIRCUIT RESPONSE 

By itself, a parallel -resonant circuit 
like the one shown in Fig. 5A will have 
a response something like curve 1 in 
Fig. 5B. The height of the peak in the 
response of this circuit depends on the 
Q of the circuit: if the Q is high, the 
peak will be too. If we load this cir- 
cuit by connecting resistances in par- 
allel with it, we can reduce the peak 
and at the same time broaden the pass 
band, producing a response curve that 
is much like curve 2. You will recall 
that the pass band is considered to be 
between those points at which the out- 
put is about 70% of the peak value. 
Thus, for response curve 1 in Fig. 5B, 
the pass band has a width approxi- 
mately equal to the frequency range 
between points A -A, whereas the band 
for curve 2 has broadened out to the 
frequency range between the points 
B -B. 

As we increase the loading of the 
circuit, the peak becomes lower, and 
the pass band becomes wider. To pro- 
duce a band width of 4 mc. with a 

video i.f. of about 25 mc. (which is 
what most TV sets have to do), the Q 
of a single tuned circuit would have 
to be about 6. Rather heavy loading 
would be needed to make the circuit 
have so low a Q. 

Although it is possible to load a 
single circuit to this extent and thus 
get a broad -band response, the gain 
would be very low, and the curve 
would not have as flat a top as we 
want. If we were to add more stages 
in cascade to increase the gain, the 

FIG. 5. Curve 1 in part B of this illustra- 
tion represents the normal response of 
the parallel resonant circuit in part A. 
Curve 2 shows the effect produced on the 
response by connecting resistors in paral- 

lel with the circuit. 

response would become more peaked 
again, and the pass band would be- 
come narrower. If, for example, curve 
1 in Fig. 6 represents the response 
of a single stage, curve 2 shows the 
response that two identical stages 
would have in cascade, and curve 3 
shows the response that three stages 
would have. Obviously, each of these 
curves is far from having the ideal 
shape shown in Fig. 4, so there is no 
combination of parallel resonant cir- 
cuits all tuned to the same frequency 
that will give us the response we want. 
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However, it is possible to get the 
response needed if we stagger -tune 
parallel resonant circuits. In fact, that 
is the most commonly used way of 
producing the desired i.f. response. 

STAGGER TUNING 
In a stagger -tuned system, a broad 

pass band and high gain are secured 
by connecting several resonant circuits 

FIG. 6. These curves show the effect of 
connecting parallel resonant circuits in 
cascade. Curve 1 shows the response of 
a single stage, curve 2 shows that of two 
stages in cascade, and curve 3 shows 

that of three stages in cascade. 

in cascade and tuning each circuit to 
a different frequency. Fig. 7 slows an 
example of the response that can be 
secured in this way. If the various 
tuned stages in the i.f. amplifier are 
each tuned to different frequencies as 
indicated in this figure by the curves 
a, b, c, d, and e, and each stage has 
the response characteristic indicated 
(this can be obtained by using the 
right coupling and loading), the over- 
all i.f. response characteristic will have 
the shape shown by the dotted line. 

This system is called stagger tuning 
because the various i.f. stages are not 
all tuned to the same frequency but to 
frequencies that are staggered within 
the pass band desired. Of course, 
careful engineering is necessary to get 
the original responses of the several 
stages to fit together properly, and it 
is important to choose the proper 
loading. Some stages have rather high 
Q values and hence high gain; others 
(such as the one having the response 

shown by curve C) have very low Q 
and low gain but are nevertheless 
important because they fill in the 
over-all response to produce the de- 
sired flat-topped characteristic. 

This is one of the more popular i.f. 
systems and offers several advantages 
over other types. First, since each 
stage is tuned to a different frequency, 
such an amplifier system is remark- 
ably free from oscillation. This means 
that very little shielding is required. 
Second, since the over-all response 
characteristic depends upon the com- 
bined effects of several stages, it is 
relatively easy to vary the over-all 
response characteristic to obtain the 
best possible response by varying the 
responses of individual stages. 

Another important advantage of 
this kind of i.f. section is that it can 

FIG. 7. If the stages in a five -stage i.f. 
amplifier are stagger -tuned and made to 
have the responses shown by the solid 
lines, the overall response of the am- 
plifier will have the form shown by the 

dashed -line curve. 

be aligned by using an ordinary signal 
generator and a multimeter. This is 
possible because it is necessary only 
to peak the various i.f. stages at their 
particular frequencies, which are given 
in the manufacturer's instructions, to 
get the desired over-all response char- 
acteristic. 
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There are some disadvantages to 
the stagger -tuning system, but they 
are far out -weighed by the advantages. 
One disadvantage is that the over-all 
i.f. response will change as the gain of 
the individual stages is changed. As 
an example, if the gain of one or more 
of the i.f. stages should be changed by 
varying the bias on the stage (either 
by means of a.g.c. voltage or by means 
of the contrast control), the over-all 
response characteristic may change. 
Such a bias change will change the 
plate resistance and thus the loading; 
it may also detune the circuit, because 
the input capacity of a tube changes 
with its mu. Of course, the change in 
capacity will be small if pentode tubes 
are used. The change in loading will 
be relatively small, also, because the 
loading in a stage generally depends 
more on the loading resistors used 
than on the plate resistance of the 
tube in the stage. Nevertheless, it is 
necessary to align these circuits with 
the recommended bias applied, and 
some variations in response can be 
expected when any change occurs in 
the bias. 

A practical example of the basic cir- 
cuit that is used in a stagger -tuned 
video i.f. amplifier is shown in Fig. 8. 
Here we show part of one i.f. amplifier 
stage. The tuned circuit is made up 
of coil L and the capacity is repre- 
sented by C3 (which is not a condenser 
but is a capacity that comprises the 
distributed capacity of the coil, the 
tube interelectrode capacities, and the 
capacities between the various com- 
ponents and the chassis) . The circuit 
can be tuned to resonance by adjust- 
ing the powdered -iron core of Ll and 
so changing the inductance of the coil. 

The load for the VT, stage consists 
principally of the grid resistor R1, 
which also serves as the d.c. grid re- 
turn path for the VT3 stage. The 

ohmic value of this resistor may be 
different in each stage, since different 
amounts of loading may be required 
for each. 

In some receivers, the coil is wound 
of resistance wire, an arrangement 
that puts resistance directly in the 
resonant circuit. Just a few ohms 
here can be as effective as several 
thousand in the position occupied by 
R,. If this method of loading is used, 
each coil must be specifically designed 
for the particular response wanted; 
therefore, it is not as easy to change 
the response of this circuit as it is to 
change that of the circuit in which 
the grid resistor acts as the load. (In 
the latter circuit, changing the resist- 
ance of the grid resistor will change 
the response.) However, circuit re- 
quirements may make the resistive 
coil winding desirable. You should not, 
therefore, assume that there is no 
loading if Rl has a high resistance. 

cI 

VT1 VT 

Tca 

+ y 

que+ 

FIG. 8. The basic circuit of one stage of 
a stagger -tuned video i.f. amplifier. The 

other stages are similar. 

The response of a stagger -tuned i.f. 
section is much more like that we 
want, but, as we shall show in a mo- 
ment, it is necessary to add wave 
traps to the circuit to produce the 
exact response needed. 

BAND-PASS COUPLING 
A basic band-pass coupling circuit 

used in TV sets is shown in Fig. 9A. It 
is much like those used in sound i.f. 
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amplifiers except that the coupling is 
far tighter. As you have learned, the 
response of such a circuit depends 
upon the coupling. Thus, curve 1 of 
Fig. 9B shows the over-all response 
that might be obtained with loose 

FIG. 9. Part B of this figure shows the 
effect of varying the coupling in the 
band-pass circuit shown in Part A. Curve 
1 shows the response with loose coupling, 
curve 4 shows the response with ex- 
tremely tight coupling, and the others 
show the response with intermediate 
couplings. The dashed -line curve shows 
the response that can be gotten by modi- 
fying curve 4 by adding resistance to 

each tuned circuit. 

coupling. Curve 2 shows the effect of 
somewhat closer coupling-as the cou- 
pling is increased, the output will in- 
crease (up to a certain maximum) 
and the over-all response characteris- 
tic will tend to broaden. 

With close coupling (or "tight" 
coupling), we may get the over-all re- 
sponse characteristic shown by curve 
3. This has a double -peak response, 
and its over-all band width is much 
greater. 

Finally, at an extreme of coupling, 

we can get the very wide double - 
peaked response of curve 4, which has 
a sharp valley in the center. By load- 
ing the resonant circuits (using re- 
sistors across both the primary and 
secondary windings), the peaks are 
reduced to the values shown by the 
dotted lines, thus producing an over- 
all response that is relatively flat. 

Such band-pass circuits may be con- 
nected in cascade to get greater gain. 
If they are overcoupled (curve 4), 
they may be tuned to the same fre- 
quency; if the coupling is less extreme, 
they may be stagger -tuned just as 
parallel resonant circuits are. 

WAVE TRAPS 
By themselves, neither the stagger - 

tuned parallel -resonant circuits nor 
the overcoupled band-pass circuits will 
give sufficient adjacent -channel selec- 
tivity and reject the accompanying 
sound signal if such rejection is 
wanted. The trouble is that the slopes 

W=O oW W WZC 
02W ZK O1' ZZ ,,o 

yQ W K <o 

can see, the response of 
a stagger -tuned system (shown by the 
dashed lines) is so broad that it accepts 

part of each adjacent channel. 

FIG. 10. As you 

of the "skirts" of the response are 
bound to be too gradual when the pass 
band is so broad. Fig. 10 compares 
the response of a stagger -tuned sys- 
tem (dotted lines) to the response 
that a receiver must have (solid lines) 
if the sound signal is to be led to a 
sound i.f. amplifier right after the 
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FIG. 11. The parallel resonant circuit 
L, -C, is called a series trap because it is 

placed in series with the signal path. 

converter, and the adjacent carriers 
are to be rejected. 

The steep skirts needed to produce 
the latter response can be obtained by 
using trap circuits-high-Q resonant 
circuits that are tuned to the unde- 
sired frequencies. Any of the traps to 
be described may be used either as a 
sound trap or as an adjacent -channel 
trap. Therefore, we shall first discuss 
only the electrical characteristics of 
the trap, remembering that it might be 
used in any one of several ways: as an 
adjacent channel trap (either above 
or below the i.f.), as a sound i.f. trap, 
or simply as a "shaping" trap, tuned 
so as to aid in shaping the over-all 
response curve. We shall cover these 
applications later. 

Series Traps. The series trap is 
shown in Fig. 11. Basically, it con- 
sists of a parallel -resonant circuit, 
L1 -C1, that is placed in series between 
two i.f. tubes and is tuned to the fre- 
quency to be rejected. When a signal 
having the frequency to which the 
trap is tuned is applied to this circuit, 
the impedance offered by L1 -C1 is so 
high in comparison to the grid -to - 
ground impedance of VT2 that the 
trap absorbs most of the undesired 
signal voltage. (It acts as a voltage 

divider with the grid impedance.) As 
a result, only a negligible voltage at 
the trap frequency is applied to the 
grid of the next stage. 

Most trap circuits are very sharply 
tuned, since they are designed to re- 
ject either one particular frequency 
or, at the most, a very narrow band of 
frequencies. For this reason, L1 -C1 
has a high Q and is not shunted with 
a resistance. 

At all other frequencies, of course, 
the tuned circuit (L1 -C1) will offer 
very low impedance in comparison to 
the grid circuit and will allow the 
signals to pass and be applied to the 
grid of the next stage. 

Absorption Traps. Another popu- 
lar kind of trap circuit is the absorp- 
tion trap (L1 -C1) shown in Fig. 12. 

FIG. 12. Two forms of absorption trap. 
The one in part A of this figure is in- 
ductively coupled to the circuit; the one 
in part B is capacitively coupled to it. 
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This tuned circuit may be inductively 
coupled to a tuned circuit in the am- 
plifier, as shown in Fig. 12A, or may 
be capacitively coupled, as shown in 
Fig. 12B. In either case, the operation 
is the same. At the resonant fre- 
quency of the trap circuit, it acts as 
a heavy load on the amplifier, absorb- 
ing the signal. 

For example, at the resonant fre- 
quency of the tank circuit L, -C, in 
Fig. 12A, a high circulating current 
develops in the trap. This effectively 
loads the tuned circuit L2 -C31 causing 

cathode circuit of an amplifier stage 
to provide degeneration at the trap 
frequency and thus to reduce the gain 
of the stage, effectively rejecting the 
signal. This arrangement is illustrated 
in Fig. 13. 

The trap circuit consists of L, and 
C1. At its resonant frequency, this 
circuit has a very high impedance; 
therefore, a very high voltage will be 
developed across it at this frequency. 

The voltage developed across the 
cathode trap at its resonant frequency 
is applied to the grid -cathode circuit 

FIG. 13. This shows two ways in which a trap may be used 
in the cathode circuit of an amplifier stage. In each case, 
the trap creates degeneration at its resonant frequency and 

thus effectively rejects a signal of that frequency. 

it to act as a load having an extremely 
low Q. As a result, the stage has 
practically no gain at the undesired 
frequency. The series trap L, -C, in 
Fig. 12B is practically a short circuit 
across the load for the frequency to 
which it is resonant, so it, too, reduces 
the stage gain at this frequency. 

The trap circuit may be tuned either 
by a variable inductance, as shown in 
Fig. 11, or by a variable trimmer con- 
denser, as shown in Fig. 12A. 

Cathode Traps. Occasionally a 
tuned trap circuit is inserted in the 

in such a way that it is 180° out of 
phase with any applied signal of the 
same frequency; thus, for this applied 
signal, degeneration is produced, and 
little or no gain is obtained from the 
stage. At other frequencies, the tank 
is non -resonant and produces little 
degeneration. 

A cathode trap is not always con- 
nected to the cathode circuit directly. 
Sometimes it is coupled to a coil in 
the cathode circuit, as shown in Fig. 
13B ; its effect when it is used in this 
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way is the same as that of the trap 
in Fig. 13A. 

TRAP APPLICATIONS 

As many as four or five individual 
traps may be used in a particular i.f. 
amplifier-perhaps as many as two 
traps in a single stage. Several traps 
may be tuned to the same frequency 
to get better rejection of signals at 
that frequency. 

When you are aligning the i.f. stages 
in a television receiver, you must ad- 
just the trap circuits as well as the 
individual tuned circuits. In fact, in 
certain television sets that have 
broad -band stages, the trap circuits 
may be the only circuits you can 
adjust. 

Now that we have discussed the 
various trap circuits as far as elec- 
trical characteristics are concerned, 
let us see how the trap circuits are 
used. There are two primary uses to 
which trap circuits are put: sound i.f. 
traps and adjacent -channel traps. 

Sound Traps. Sound -trap circuits 
are placed in the i.f. amplifier to reject 
the sound i.f. signal so as to prevent 
this signal from beating with the video 
i.f. in the second detector stage. There- 
fore, these traps are tuned to the 
sound i.f. and have high Q values. 
Also, the sound trap may serve as the 
source of signal for the sound i.f. 
section, as we will show. 

Adjacent -Channel Traps. If you 
look back at Fig. 10, you will see that 
the skirts of the normal response 
curve (dotted lines) of a channel are 
broad enough to permit the sound 
carrier of one adjacent channel and 
the picture carrier of the other to be 
passed. By using traps tuned to these 
frequencies, however, we can cause 
dips in the response curve at these 
unwanted carrier frequencies and thus 
get the final over-all response curve 
shown by the solid curve in Fig. 10. 
Notice that the response to the signals 
produced by the adjacent channel car- 
riers is now so low that they cannot 
cause interference. A dip or "notch" 
in the response curve is put in at the 
proper frequency by each of the traps. 

The solid -line curve in Fig. 10 rep- 
resents the response we want for a 
receiver in which a separate sound i.f. 
channel is used. Therefore, there is a 
notch caused by a sound i.f. trap in 
this curve. The curve for a set in 
which the sound carrier is supposed 
to go through the video i.f. would not 
have as deep a notch at the sound i.f. 
frequency. A trap would probably 
still be used to reduce the response at 
this frequency, however, to reduce the 
strength of the 4.5 -mc. beat to such 
a level that the traps in the video 
stages could remove it. 

Now that we have studied the basic 
i.f. circuits, let's go on to complete 
amplifiers. 
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Typical Video I.F. Amplifiers 
Since the video i.f. amplifier section 

of the television receiver contributes 
most of the gain for the video channel, 
it is customary to use tubes that give 
as much gain as can be secured. Tubes 
with a high transconductance (Gm) 
are used, because the gain is directly 
proportional to the Gm of the tube in 
a pentode amplifier. The miniature 
tubes used in modern receivers gen- 
erally have low interelectrode capaci- 
ties as well. 

Since it is customary to vary the 
gain of the video i.f. amplifier either 
by a contrast control or by an a.g.c. 
circuit, tubes with remote cut-off 
or variable -mu characteristics are 
needed. Instead, however, tubes that 
normally have sharp cut-offs are used, 
because only the sharp cut-off types 
can be made to have very high mutual 
conductance. The variable -mu char- 
acteris',ic causes a loss in Gm because 
not a1i the grid is usable at any one 
voltage. 

Fortunately, a sharp cut-off pent - 
od ; tube can be made to act as if it 
h .d something of a remote cut-off 
inaracteristic if a series resistor is 

ased in its screen -grid circuit. If the 
proper resistor is used, the d.c. volt- 
age on the screen grid will vary with 
the bias on the control grid in such a 
way that, as the bias is increased, the 
screen current will drop, allowing the 
screen voltage to rise and partly coun- 
teract the bias change. This arrange- 
ment makes bias control reasonably 
effective even on sharp cut-off tubes. 

Number of Stages. The number of 
i.f. stages needed depends on whether 
the receiver is intended only for areas 
having high signal levels or is designed 
for "fringe" areas where weaker sig- 
nals are the rule. It takes a signal 

voltage of 40 to 60 volts to operate 
the average picture tube. The usual 
video amplifier (the section between 
the video detector and the picture 
tube) has a gain somewhere between 
20 and 50, so the detector output must 
be from 1 to 2 volts to make the video 
amplifier output large enough to oper- 
ate the picture tube. 

The weakest input signal from 
which the set can produce a picture 
must be at least slightly above the 
noise level, which ranges from 50 to 
100 microvolts on the average. Hence, 
a signal about 100 microvolts is the 
weakest that can be successfully ap- 
plied to a set; reception is impossible 
in an area in which the signal level is 

lower than this, unless the noise level 
is exceptionally low. In strong signal 
areas, the signal strength may be 5000 
microvolts or more. 

Let's assume we are studying a set 
that is designed to produce a usable 
picture from a 100 -microvolt signal. 
Let's say the input tuner has an over- 
all (r.f. plus conversion) gain of 10. 

The tuner output from a 100 -micro- 
volt signal will then be 1000 micro- 
volts. The i.f. amplifier must raise 
this to perhaps 2,000,000 microvolts 
(2 volts), so the gain needed may he 

2,000,000 - 1000, or 2000. Three 
stages with gains of about 13 each 
would give more than this if each 
amplified all frequencies equally well. 

However, with stagger tuning, not all 

stages have the same gain at any one 

frequency in the pass band. One stage 
may have a gain of 30 to 50 for a 

particular frequency, but the other 
stages may have very low gains for 

that frequency and high ones for 

others. As a result, it is usually neces- 
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sary to have four i.f. stages to produce 
sufficient amplification of all frequen- 
cies in a 100 -microvolt signal. 

If the set is intended for use in an 
area where the signals are always 
considerably stronger than 100 micro- 
volts, or if its pass band is restricted 
enough to permit the gain of each 
stage to be at least relatively high for 
all frequencies, only three video i.f. 
stages may be necessary. 

Now let's turn to typical video i.f. 
amplifiers. You can expect to find 
either band-pass or stagger tuning 
used as the basic method of getting 
a pass band of sufficient width; stagger 
tuning is used in by far the majority 
of circuits. A number of traps will be 
found, arranged to cut out adjacent 
channel signals sharply and usually to 
cut down or to eliminate the accom- 
panying sound signal. 

The couplings between stages may 
be transformer, complex, or imped- 
ance coupling, or a combination of 
these. Let's study examples of each 
in video i.f. circuits. 

TRANSFORMER COUPLING 
Fig. 14 shows two stages of a video 

i.f. amplifier that uses transformer 
coupling. A number of signals are 
present in the plate circuit of the 
mixer stage VT,, including the video 
and sound i.f.'s. These two signals are 
selected by tuned circuit L, -C1, which 
is broadly tuned and low in Q. The 
selected signals are inductively trans- 
ferred to the secondary circuit L2 -C3, 
which, in turn, is loaded by resistor 
R2 so that it has a broadly tuned char- 
acteristic. The signal is coupled to the 
grid of the first amplifier through 
condenser C,; resistor R3 serves as the 

FIG. 14. This is part of the schematic 
m diagram of the video i.f. amplifier of an 

mho actual set in which transformer coupling 
is used between the stages. 
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grid return resistor for this stage and 
may be connected to the a.g.c. bias 
voltage source. 

The R1 -C2 combination serves as 
the decoupling filter for the B supply 
of the mixer stage. 

Amplifier tube VT2 may be either a 
remote -cut-off tube (since we are ap- 
plying a variable bias through R3) 
or a sharp -cut-off tube that exhibits 
remote -cut-off characteristics because 
of the presence of the series screen 
resistor R5. Condenser C, acts as a 
screen by-pass condenser. The mini- 
mum bias for the stage (to which the 
a.g.c. voltage is added) is provided 
by R which is by-passed by con- 
denser C5 so that there will be no 
degeneration caused by the presence 
of an i.f. voltage across R,. 

Tuned circuit Ls -C, is in the plate 
circuit of VT21 it may be tuned to a 
different frequency from L, -C, to pro- 
vide stagger tuning, or it may be 
tuned to the same frequency if this is 
a band-pass circuit. Since the sche- 
matic will look the same for either 
case, you will have to consult the 
service manual on such a set to see 
which arrangement is being used. 

The signal present across Ls -C, is 
coupled both to the trap L, -Cs, which 
is tuned to the audio i.f., and to L5 -C9, 
which is tuned either to some other 
frequency within the video pass band 
or to the same frequency as Ls -C,. 
Resistor R, loads the L5 -C9 circuit. 

Notice that the sound trap L, -Cs 
serves two purposes. First, it reduces 
the sound carrier signal strength by 
absorbing energy and loading the pri- 
mary. Also, since it has a maximum 
sound signal across it, the circuit acts 
as a source for the sound i.f. 
amplifier. 

Tube VTs operates in much the 
same manner as tube VT2. The chief 
difference is that a.g.c. is not applied 

to this stage. (This is not a universal 
practice: a.g.c. may be applied to any 
or all of the stages in a video i.f. 
amplifier.) 

Tuned circuit L, -C,,, inductively 
coupled to the plate tuned circuit L8- 
C12f is used to supply the signal to the 
next stage. 

We see that the distinguishing fea- 
ture of a transformer -coupled video 
i.f. amplifier is the fact that the dif- 
ferent stages are inductively coupled 
-that is, there is actually a primary 
and a secondary winding on each i.f. 
"transformer." We make this distinc- 
tion because the single -tuned circuits 
used in the impedance -coupled i.f. am- 
plifier are often called "transformers" 
even though there are no specific pri- 
mary and secondary circuits. 

COMPLEX COUPLING 
Fig. 15 shows an example of "com- 

plex" coupling. Here, the sound i.f. 
signal is developed across resonant 
circuit L, -C,,, which is tuned to the 
sound carrier. Hence, this circuit acts 
both as a sound trap and as a coupling 
method. Notice that here we tap off 
the sound signal from the mixer plate 
circuit rather than from the plate cir- 
cuit of the first video amplifier as we 
did in Fig. 14. 

A tuned circuit consisting of induc- 
tances L, and L2 in series, tuned by 
the distributed capacities in the cir- 
cuit (including the plate -cathode ca- 
pacity in the mixer tube) and loaded 
by resistor R, broadly tunes to the 
video i.f. or to somewhere within the 
video i.f. pass 'band. Condenser C 
which is practically a short circuit as 
far as r.f. is concerned, acts in con- 
junction with R2 as a decoupling net- 
work for the B supply voltage to the 
mixer stage. 

Another tuned circuit is made up 
of L2, Ls, and the distributed capaci- 
ties in the circuit, including the grid - 
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cathode capacity of VT, and distrib- 
uted wiring capacities. Condenser C3 
acts simply as a blocking condenser 
to prevent the B voltage from being 
applied to the grid of VT,. 

Notice that both tuned circuits con- 
tain L2; the "primary" consists of 
L1 -L2 plus certain capacities, and the 
"secondary" consists of L3 -L2 and 
other capacities. Hence, this is one 
form of band-pass coupling. However, 
whether we have a stagger -tuned or a 
band-pass response depends on the ac- 
tual coupling. If the inductance of L2 
is quite large, the circuit is probably 
overcoupled, which means that it has 
a band-pass response; otherwise, the 
coupling is low, and stagger tuning 
can be expected. 

You can see one difference between 
this circuit and the circuit previously 
described-in the previous circuit, 
each stage was tuned by variable con- 
densers. Here, we use variable induct- 
ances. The inductances can be made 
variable simply by providing each 
with a small powdered -iron core rod 
that can be screwed in or out of the 
coil. As the core is moved inward, 
the inductance increases. 

Bias is provided for VT, and VT2 
by a combination of methods. First, 
the cathode resistor R, provides a 
fixed minimum bias for VT,. R12 
serves the same function for VT2. An 
additional bias is supplied from a 
"bias" source across the Re -R5 net- 
work through R, -R3 to VT, and 
through R,,, -L, to VT2. The resistor - 
condenser combination R4 -C4 serves 
simply as a decoupling filter and cor- 
responds to the combination R10 -Ca 
for VT2. 

The bias voltage is provided either 
from a fixed source (such as a bleeder 

FIG. 15. This figure illustrates the use 
of complex coupling between the stages 

of the video i.f. amplifier. 
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resistor in the low -voltage power sup- 
ply) or from a combination of a fixed 
source and a.g.c. The bias voltage 
appears across resistor R5. This resis- 
tor is a potentiometer, so any portion 
of the available bias voltage can be 
applied to the tubes by setting the 
position of the slider properly. This 
arrangement allows the bias of these 
two stages to be adjusted so that the 
gain can be controlled. Thus, resistor 
R5 serves as an i.f. gain control or a 
contrast control. As the slider is moved 
toward the right-hand side of the re- 
sistor, the bias voltage will increase, 
and the gain provided by stages VT1 
and VT2 will decrease. 

Notice that R, and R12 are not by- 
passed. By not by-passing these re- 
sistors, the designer has introduced a 
certain amount of degeneration. This 
tends to stabilize the stages and to 
make the tube characteristics a less 
critical factor in the operation of the 
stages. In other words, if one of the 
tubes goes bad and is replaced by a 
tube that is of the same type but has 
slightly different characteristics, re- 
tuning will either not be necessary or 
not be difficult. Also, because of the 
"leveling -off" effect of the un -by- 
passed cathode resistor, the tube re- 
placement will cause no great change 
of gain as far as the particular stage 
is concerned. 

Screen -grid voltage for VT1 is pro- 
vided through RS; condenser Ce serves 
as the screen by-pass. Similar func- 
tions are performed for VT2 by R13 
and 010, and for VT3 by R19 and C15. 

These tubes may be remote -cut-off 
tubes; alternatively, they may be 
sharp -cut-off tubes with R. and R13 
chosen so that the tubes exhibit re- 
mote -cut-off characteristics. 

In the plate circuit of VT1, we have 
a tuned circuit consisting of variable 
inductance L, plus distributed capaci- 

ties, including the interelectrode ca- 
pacities of VT1. The signal appearing 
across this circuit is applied through 
coupling condenser Ca to a series trap 
Le -C18 and to a resonant circuit con- 
sisting of L, and the distributed ca- 
pacities in the circuit. 

The series trap Le -C18 is tuned to 
the sound i.f. and offers a very high 
impedance to this frequency; there- 
fore, most of the sound i.f. present 
across L, will be dropped across the 
trap and not applied to L,. At fre- 
quencies other than the one to which 
it is resonant, the trap Le-C7S will act 
simply as either an inductance or a 
capacity having comparatively low 
impedance. Thus, the trap will offer 
little or no opposition as far as the 
picture i.f. is concerned, so most of the 
picture i.f. will appear across L, and 
be applied to the grid of the tube. Re- 
sistor R serves as a loading resistor 
to broaden the response of the L, 
tuned circuit. 

The coupling network between VT2 
and VT, is quite similar to the cou- 
pling network between the plate of the 
mixer and the grid of VT,. Therefore, 
we shall not discuss it in detail. 

A variable bias voltage is, not ap- 
plied to VT,. Because of this fact, 
the cathode resistor R is somewhat 
larger than R, or R12. You will recall 
that R, and R12 are not by-passed be- 
cause it is desirable to have a certain 
amount of degeneration in the VT, 
and VT2 stages. Because R has a 
relatively high resistance, however, 
too much degeneration would be pro- 
duced if it were not by-passed. There- 
fore, the by-pass condenser Ct, is 
used in the cathode circuit of VT,. 

A complex coupling network is not 
used to couple the plate of VT3 to the 
detector stage. Instead, the coupling 
is furnished by a simple tuned circuit 
made up of L,, and the distributed 
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capacities in the stage, including the 
plate -cathode capacity of VT3. This 
resonant circuit is loaded by R19. 

IMPEDANCE COUPLING 
One of the most popular types of 

i.f. amplifier circuits is shown in Fig. 
16. A four -stage amplifier is shown 
here, but the same type of circuit may 
be used as a three -stage amplifier. 
This circuit is a typical stagger -tuned, 
impedance -coupled i.f. amplifier. It 
provides good gain, good band width, 
and is remarkably free from any ten- 
dency to oscillate. 

The plate circuit of the mixer stage 
is tuned by L1 and the distributed 
capacities in the circuit. 

The signal present across L1 is 
coupled through condenser C2 to the 
grid of amplifier tube VT,. Resistor 
R2 serves as a grid d.c. return path. 
A bias voltage is also applied to the 
grid of VT, through R2 Similarly, a 
bias voltage is also applied to the con- 
trol grids of VT2 and VT3 through 
their respective grid resistors-R, for 
VT2 and R12 for VT3. 

A trap circuit consisting of variable 
inductance L2 and fixed condenser 019 
is coupled to coil L, in the plate cir- 
cuit of the mixer. This absorption trap 
circuit is tuned to the sound i.f., and 
a tap is provided on it from which the 
sound i.f. is obtained. 

The tuned circuit acting as the plate 
load of VT, consists of inductance 
coil L3 and the distributed capacities. 
These distributed capacities include 
not only the capacities between the 
wiring and the chassis but also the 
plate -cathode capacity of VT1 and the 
grid -cathode capacity of VT2. The 
signal across L3 is applied to the grid 
of VT2 through blocking condenser Co. 

FIG. 16. The schematic diagram of a 
typical stagger -tuned video i.f. amplifier 
in which impedance coupling is used 

between the stages. 
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Coupled to L3 is an absorption trap 
L, -C20. This may be tuned to an 
adjacent -channel sound carrier, for 
example, in which case it will serve to 
reject signals of this frequency. 

Coil L, in the plate circuit of VT2 
also has an absorption type trap LO - 
C21 coupled to it. This trap circuit 
may be tuned to an adjacent -channel 
picture carrier. 

Notice that the plates and screens 
of the tubes are operated at approxi- 
mately the same B voltage in this 
amplifier circuit. This is fairly com- 
mon practice when a comparatively 
low plate voltage is used (around 125 
volts) . 

The plate circuit of tube VT2 is 
different from those of the previous 
stages: a resistive load is used here. 
The tuned circuit, which consists of 
coil L, tuned by the distributed ca- 
pacities, is placed in the grid of the 
next stage. 

Because there is a resistor used as 
the load in the plate circuit, the plate 
voltage of VT2 will be somewhat lower 
than the plate voltages applied to the 
tubes in the previous stages; as a 
result, not quite as much gain can be 
expected from this stage. The tuned 
circuit will also be rather heavily 
loaded, since the plate resistor will 
normally be fairly low in resistance- 
lower, at least, than the grid resistors 
that load the previous stages. For this 
reason, the response curve of this stage 
will not be as sharply tuned as those 
of the others discussed, nor will quite 
as much gain be obtained. 

A coil is provided in the cathode cir- 
cuit of VT, to which a tuned absorp- 
tion trap L2 -C22 is coupled. This trap 
circuit may be tuned to the sound i.f. 
and thus may serve to provide addi- 
tional. rejectio», Qt this signal. 

A resistive load is also used in the 
plate circuit of the last video i.f. am- 
plifier stage. The final tuned circuit 
consists of coil L10 and the various 
distributed capacities. This last tuned 
circuit is loaded quite heavily, since 
it feeds the video detector; therefore, 
it will have the broadest response of 
all. 

Notice that all the tuning in this 
amplifier circuit is furnished by va- 
riable inductances. This is quite com- 
mon practice at high frequencies, since 
it permits higher L/C ratios (the only 
capacities are the distributed ones, so 
the minimum possible capacity is 
present; this permits a higher L value 
to be used) . 

In the stages having a variable bias 
supply, small un -by-passed cathode 
resistors furnish a small initial bias 
and provide some degeneration. The 
only bias on VT, is furnished by the 
cathode resistor RI which is by- 
passed. Each plate supply lead is de - 
coupled by R -C filters. 

You will notice that none of the i.f. 
tuned circuits we have discussed has 
been shown as being shielded. Some- 
times the i.f. transformers (or coils) 
are left completely unshielded in a TV 
set. This is particularly true of 
stagger -tuned i.f. amplifiers, because 
there is little or no danger of oscilla- 
tion between adjacent stages. When 
the stages are tuned to different fre- 
quencies, there is practically no feed- 
back between stages that has sufficient 
amplitude and the correct phase (at a 
specific frequency) to cause oscilla- 
tion. Thus, shielding is not always 
necessary. 

In other sets, you may find that 
two or more of the i.f. tuned circuits 
are shielded but that the others are 
not shielded. In still other sets, every 
i.f. coil will be shielded. 
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Video Detectors 

Once the video signal has been built 
up by the video i.f. amplifier, it must 
be passed through a detector (de- 
modulator) if we are to regain the 
modulation. In this case, the modula- 
tion consists of the picture compo- 
nents plus synchronizing and blanking 
pulses. This intelligence is amplitude - 
modulated upon the picture carrier, so 
a basic rectifier type of detector will 
serve to demodulate the signal. 

The only requirements made of the 
video demodulator that the detector 
of an a.m. radio broadcast set does 
not have to meet are that the polarity 
of its output must be considered and 
that more care must be taken to pre- 
vent loss of the high -frequency com- 
ponents of the signal. We shall inves- 
tigate both of these requirements after 
we see how the circuit works basically. 

THE I.F. SIGNAL 
The modulated i.f. carrier that is 

fed into the video detector is a signal 
of varying amplitude like that shown 
in Fig. 17A. The "envelope" of this 
signal represents the modulation. The 
partial suppression of one side band 
has served only to reduce the ampli- 
tude of the modulation; this has pro- 
duced a certain amount of amplitude 
distortion by compressing the range 
between white and black signals, but 
since the eye is a very poor judge of 
the amount of light and of relative 
changes in light intensities, even fairly 
large amounts of amplitude distortion 
can be tolerated. Therefore, if the pre- 
vious circuits have not introduced fre- 
quency distortion and phase delay, our 
signal will be entirely satisfactory. 

It is standard practice in the United 
States to use "negative" modulation 
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of the picture carrier: that is, the 
brighter the image, the less amplitude 
of the radiated signal. (The British 
system is exactly the reverse.) The 
maximum level is reached by the syn- 
chronizing pulses; the "black" level is 
the blanking pedestal height, which is 
about 75% of the maximum ampli- 
tude; and the "white" level is at about 
15% of the peak level reached by the 
synchronizing pulses. This is, of 
course, the opposite of the method 
used in a.m. radio broadcasting, in 
which the loudest sound (correspond- 
ing to the greatest light intensity) 
produces the highest modulation peak; 
that is why this system is called nega- 
tive modulation. 

As you have learned, this method 
of modulation is used because it pro- 
duces the most reliable synchroniza- 
tion. Since the synchronizing pulses 
are transmitted at the maximum am- 
plitude, synchronization can often be 
maintained even if there is fairly 
heavy interference. Further, any noise 
or other interference that increases 
the signal amplitude will drive the 
picture tube dark instead of appear- 
ing as a bright flash. 

To remove the modulation, it is 
only necessary to rectify the signal 
shown in Fig. 17A as shown in Fig. 
18A and then to by-pass the high - 
frequency i.f. pulses to obtain a signal 
that follows the pattern of the modu- 
lation envelope. Thus, a video detec- 
tor operates in exactly the same man- 
ner as the second detector used in an 
a.m. sound receiver. This is to be 
expected, of course, since the video 
signal is simply an amplitude -modu- 
lated signal. 
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PICTURE PHASE 
Fig. 18 shows two ways of connect- 

ing a diode to an i.f. source L1 -C1. It 
is important to choose the proper 
method of connection, because the 
polarity of the output depends upon 
the one we choose, and, as we shall 
see in a moment, this polarity must 
be the right one for the particular set 
in which the detector is used. 

In either case, we apply the signal 
shown in Fig. 17A to the demodulator 
circuit. The arrangement of the cir- 
cuit in Fig. 18B is such that current 
can flow only when point 1 on L1 is 
positive with respect to point 2, since 
the diode plate is then positive. There- 
fore, the negative alternations of each 
cycle are rejected, and only the posi- 
tive swings pass. This gives us the 
output shown in Fig. 17B. Since the 
synchronizing pulses reach the maxi- 
mum in the positive direction, and 
the brightest portion of the picture is 
the least positive point in the intelli- 
gence signal, the rectified voltage pro- 
duced across Rl has a negative picture 
phase. This means that the signal 
swings in the negative direction for 
increases in brightness. 

If we invert the diode, as shown in 
Fig. 18C, conduction can occur only 
when point 1 is negative. Therefore, 
this arrangement rejects the positive 
swings of the signal in Fig. 17A and 
causes the output voltage developed 
across R1 to have the form pictured 
in Fig. 17C. Now, the brighter the 
picture, the more positive (or, rather, 
the less negative) the signal; there - 

FIG. 17. Part A of this figure represents 
the modulated i.f. carrier that is fed 
into the video detector. Part B shows 
the form of the modulation if the de- 
tector is arranged to produce a negative 
picture phase. Part C shows the form of 
the modulation if the detector is arranged 

to produce a positive picture phase. 



fore, the R1 voltage has a positive 
picture phase. 

This phase is important to us be- 
cause it is necessary to feed the signal 
to the picture tube in such a way that 
the number of electrons in the beam 
will be increased when the scene calls 
for a brighter element. Hence, a sig- 
nal that is applied to the grid of the 
picture tube must have a positive 
phase so that the grid will go more 
positive for increases in brightness. 

FIG. 18. The detector circuit shown in 
part B of this figure will produce an out- 
put having a negative picture phase. In- 
verting the diode as shown in Part C will 
give the output a positive picture phase. 
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Swings in the negative direction will 
then reduce the number of electrons 
in the beam and produce darker spots. 

The television signal at the video 
detector is not sufficiently strong for 
direct application to the picture tube. 
This means that there must be a "low - 
frequency" amplifier (called the video 
amplifier) between the detector and 
the picture tube to raise the one- or 
two -volt output of the detector to the 
40- to 60 -volt signal that is needed 
to operate the picture tube. Each video 
amplifier stage reverses the picture 
phase 180°, so if we feed in a signal of 
positive phase to a one -stage ampli- 
fier, we will get out a negative one, 
and vice versa. 

Now, if we are going to feed the 
signal to the grid of the picture tube, 
and if only one stage of video ampli- 
fication is needed, the second detector 
must be connected to give a negative 
picture phase. The one stage of am- 
plification will then cause a 180° re- 
versal in the signal, and we will have 
a positive picture phase when the sig- 
nal is applied to the grid of the cath- 
ode ray tube. 

If two stages of video amplification 
are used, on the other hand, the video 
detector must be connected to give a 
positive picture phase. In fact, we can 
make the general statement that if 
one or three video stages are used, 
the output of the video detector must 
be connected to give a negative picture 
phase; if two video stages are used, 
the video detector must be connected 
to give a positive picture phase. 

This statement is true if the picture 
signal is eventually applied to the grid 
of the picture tube. In some television 
receivers, however, the video signal is 
applied to the cathode rather than to 
the grid of the picture tube. If this is 
done, the video signal must have a 
negative picture phase when it is ap- 



plied to the picture tube. It is easy to 
see the reason for this if you remember 
that driving the grid of the tube more 
positive (less negative) is equivalent 
to driving the cathode of the tube 
more negative (less positive) with re- 
spect to ground. In other words, it is 
the voltage between the grid and cath- 
ode that is important. If the cathode 
is made more positive without there 
being any change in the voltage ap- 
plied to the grid, the voltage difference 
between the grid and cathode is in- 
creased, with the result that the grid 
is more negative with respect to the 
cathode. This effect is exactly the 
same as the one that would be pro- 
duced by making the grid more nega- 
tive without changing the voltage on 
the cathode. 

Therefore, our rule about the de- 
tector polarity and number of stages 
must be reversed when the output of 
the video amplifier is applied to the 
cathode of the picture tube. Hence, 
once the manufacturer has decided 
whether to feed the grid of the cath- 
ode of the picture tube, and has de- 
cided on the number of video stages, 
the video detector must then be de- 
signed to deliver the required picture 
phase. In one set this may be a posi- 
tive phase; in another it will be 
negative. 

FREQUENCY DISTORTION 

Like any other a.m. detector, it is 
necessary for the video detector stage 
to reject the r.f. components-that is, 
the high -frequency pulses contained in 
the rectified modulated i.f. signal must 
be filtered out of the load circuit in 
some manner. At the same time, how- 
ever, all components of the modula- 
tion envelope must be reproduced with 
the correct amplitude, regardless of 
frequency. Frequency distortion can 
occur if the amplitude of either the 

higher or the lower -frequency video 
signals is seriously attenuated. Gen- 
erally, we do not have to worry about 
the lower -frequency components in 
the video detector, because these will 
normally be reproduced properly. 

To reproduce all the high -frequency 
components, however, it is necessary 
to avoid excessive by-passing. The 
basic r.f. filter in a detector circuit 
is a capacity across the load, such as 
C2 in Figs. 18E and 18C. In a TV 
set, the distributed capacities in the 
wiring and the tube interelectrode 
capacities may well be large enough 
to supply all the filtering desired ; in 
fact, they can be large enough to by- 
pass and thus attenuate some of the 
higher -frequency components of the 
desired signal. Hence, it is necessary 
to keep this capacity as small as pos- 
sible or to reduce its effects. 

If we make the load resistance very 
small, the effect of the shunting ca- 
pacity will be reduced, because the 
impedance of the parallel combination 
depends more on the low resistance 
than on the capacitive reactance. In 
addition, high -frequency compensa- 
tion may be used in the form of 

"peaking" coils in the load arrange- 
ment. Let's see how these are used by 
making a brief study of a few typical 
circuits. Much more detail on this 
compensation will be given in another 
Lesson in which you will study the 
video amplifier. 

SERIES PEAKING 

A typical video detector circuit ar- 
ranged to deliver a negative picture 
phase is shown in Fig.. 19. The modu- 
lated i.f. signal is applied to the plate 
of the video detector VT, from i.f. 

transformer L1. Tube VT, will con- 
duct only on positive peaks, so the 
signal appearing across diode load re - 
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sistor R2 will have negative picture 
phase. (That is, if a modulated i.f. 
carrier signal like that shown in Fig. 
17A is applied, the lower half will be 
stripped away, and the signal repro- 
duced across R2 will have the form 
shown in Fig. 17B.) An odd number 
of video frequency amplifier stages 
will follow this detector if the signal 
is to be applied to the grid of the 
picture tube. 

3 

FIG. 19. A typical video detector circuit. 
Its output has a negative picture phase. 

Condenser C, represents part of the 
distributed capacity, and includes 
such items as the cathode -filament 
capacity of VT,. To increase its size 
and get proper filtering of the i.f. 
pulses, a small by-pass condenser may 
be used here in addition. 

The rest of the distributed capacity 
(in particular, the input capacity of 
video stage VT2) is represented by C3. 

Coil L2 serves three purposes. It 
separates the capacities C, and C3, 
reducing their shunting effect across 
the load R2. If its size has been prop- 
erly chosen, it forms a low-pass filter 
that further removes the i.f. pulses. 
Finally, it can also act as a series reso- 
nant circuit with C3 and can thus be 
used to boost the higher video fre- 
quencies. That is, if we consider that 
L2 and C3 form a series resonant cir- 
cuit at a frequency somewhat higher 
than the highest video signal, we know 
that there will be a boost in signals 
around this frequency because of 
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resonance step-up. Diode load resis- 
tor R2 acts to load this resonant cir- 
cuit and thus to broaden its peaking 
action. When the coil is used in this 
manner, it is called a "series peaking 
coil." 

COMBINATION PEAKING 
Fig. 20 shows another typical cir- 

cuit, arranged this time to produce a 
positive picture phase. 

Coil L, may be the last tuned cir- 
cuit in the i.f. amplifier of the tele- 
vision receiver. The modulated i.f. 
carrier signal will appear across this 
coil and will be applied to the cathode 
of VT,. 

Tube VT, will conduct only when 
the cathode is made negative with 
respect to the plate. Thus, the tube 
is connected to give a positive picture 
phase. (In this case, if a modulated 
carrier like that shown in Fig. 17A is 
applied to the detector, the upper half 

FIG. 20. This video detector circuit pro- 
duces a positive picture phase. Coil L, 
acts as a series peaking coil, and coil L, 

acts as a shunt peaking coil. 

will be stripped away, and the enve- 
lope from the lower half of the signal 
will appear across the load as a sig- 
nal having the form shown in Fig. 
17C.) 

Condenser C, charges on the peaks 
of the rectified i.f. pulses and dis- 



charges in the valleys between the 
pulses, thus smoothing out the recti- 
fied i.f. signal and producing the video 
signal. Acting in this manner, it by- 
passes the high -frequency i.f. pulses. 
Since the i.f. frequencies are quite 
high, this condenser has a fairly small 
value-usually something on the order 
of 10 mmf. It acts in conjunction with 
other distributed capacities in the 
circuit. 

Coil L, is a series peaking coil that 
serves to split the distributed capaci- 
ties, to filter the i.f., and to increase 
the strength of the higher video fre- 
quencies by resonance step-up. Resis- 
tor R, loads coil L, and acts to pre- 
vent transient oscillation. This latter 
function is needed because coil L, may 
resonate with various capacities in the 
circuit at some particular frequency 
and tend to set up a damped oscilla- 
tion at this frequency when a pulse is 
received. If we load the circuit with 
R1, however, such transient oscilla- 
tion can be avoided. 

Coil L, is chosen to resonate with 
the distributed capacities in the cir- 
cuit (including not only wiring capaci- 
ties but also the grid -cathode capacity 
of tube VT2) near the highest -fre- 
quency video signal to be transmitted. 
Hence, it forms a parallel -resonant 
circuit that is part of the load across 
which the signal is developed. Maxi- 
mum voltage will appear across this 
resonant circuit at its resonant fre- 
quency, so it tends to boost the signal 
at the higher frequencies and thus to 
make up for any loss of high frequen- 
cies due to distributed capacities in 
other parts of the circuit. It is a reso- 
nant circuit with a low Q, however, 
because of the loading effect of R27 so 
a sharp peak is not produced-instead, 
the circuit boosts a rather wide range 
of frequencies near the upper limit to 
be transmitted. 

Because of this action, coil L3 is 

called a peaking coil. Since it is con- 
nected in parallel with the distributed 
capacities in the circuit, it is called a 
shunt peaking coil. 

Since this detector circuit is con- 
nected to produce a demodulated 
signal having a positive phase, it must 
be followed by an even number of 
video amplifiers to obtain the proper 
positive picture phase for driving the 
grid of the picture tube, or by an odd 
number if the signal is eventually 
applied to the cathode of the picture 
tube. 

DETECTOR VARIATIONS 
An unusual video detector circuit is 

shown in Fig. 21. Diode VT, in this 
circuit has a low ohmic resistance 
when it is conducting current; when 
it is not conducting, it acts simply as 
a low capicity. When the video i.f. 
voltage makes point 1 positive with 
respect to point 2, diode VT, will con- 
duct and will have a much lower re- 
sistance than R1. The signal voltage 
will then be divided in such a way 
that practically all of it will be 
dropped across R, and practically 

FIG. 21. Another form of video detector. 

none across VT,; as a result, only a 
negligibly low i.f. signal voltage will 
be applied to the grid of the first 
video -frequency amplifier tube. 

However, when point 1 is negative 
with respect to point 2, diode VT, 
will be an open circuit, and the com- 
plete negative half -cycle of the video 
i.f. signal across L, will be applied 
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FIG. 22. A video detector circuit in 
which a germanium crystal is used in- 

stead of a diode. 

through R, between the grid and cath- 
ode of VT2. Thus, only the negative 
alternations will act upon the grid of 
the video amplifier tube; this means 
that we shall obtain a positive picture 
phase from the video detector. 

When the negative alternation of 
the i.f. signal is applied to the grid of 
the video amplifier tube, the combined 
capacity between this tube and ground 
(the capacity of C, in parallel with 
the plate -cathode capacity of diode 
VT, and the grid -cathode capacity 
of the first video amplifier tube) is 
charged and discharged through R1. 
This action makes the net voltage on 
the grid of the video tube follow the 
desired modulation envelope, and at 
the same time removes i.f. components 
more or less completely. Resistor R, 
also serves to limit the current through 

diode VT, to a safe value during the 
half -cycles on which VT, conducts. 

Crystal Detector. Still another 
video detector circuit is shown in Fig. 
22. Here, the diode detector tube has 
been replaced by a germanium crys- 
tal (type 1N34) . A germanium crystal 
will allow current to pass better in one 
direction than in the opposite direc- 
tion. Because of this action, it can be 
used as a rectifier and thus as a second 
detector. It occupies less space than 
a vacuum tube and does not require 
heater current. 

When a germanium diode is used as 
a detector, it is customary to build the 
entire second detector circuit (includ- 
ing the peaking and filtering coils L, 
and L2 as well as condensers C, and 
C2 and the diode load resistor R1) 
inside a shielded can. Therefore, if 
you encounter a television set that ap- 
pears to have no video demodulator, 
careful investigation may well prove 
that the entire second -detector stage 
has been built into a small shield can 
from which only the output and input 
leads project beneath the chassis. 

In the circuit shown in Fig. 22, con- 
denser C, acts as a blocking condenser 
to prevent the application of d.c. to 
the 1N34 crystal. Resistor R, is the 
diode load resistor, and the detected 
video signal appears across its ter- 
minals. 
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Lesson Questions 
Be sure to number your Answer Sheet 53RH-3. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. Are the sound and the picture signals from a TV station on the same 
carrier or are they on separate carriers? 

2. When a TV set does not use an intermodulation sound system, why is it 
desirable to eliminate the sound carrier in the video i.f. amplifier before 
the carrier can reach the video detector? 

3. If the i.f. carrier is located on the slope of the i.f. response at a point higher 
than that giving 50% carrier response, will the over-all low -frequency 
response be: higher than; lower than; the same as; that for other fre- 
quencies in the pass band? 

4. Name the two basic ways of getting the broad -band i.f. response needed 
in a video i.f. amplifier. 

5. What happens to the response when resistors are used to load both the 
primary and the secondary of an overcoupled band-pass video i.f. trans- 
former? 

6. How are the steep slopes on the response curves of the video i.f. section 
obtained? 

7. In addition to reducing the response (to the sound carrier) of a video i.f. 
section, what other use frequently is made of the sound trap? 

8. How is a remote -cutoff characteristic obtained when sharp cutoff pentode 
tubes are used in the video i.f. amplifier? 

9. If the signal is to be applied to the grid of the picture tube, and there arc 
two video stages, what must be the phase of the signal at the output of 
the video detector-positive or negative? 

10. Why is it necessary to use a low capacity as the r.f. by-pass across the 
diode load in the video detector? 

Be sure to fill out a Lesson Label and send it along with your answers. 

1 

29 



In a recent study covering the activities of several 

hundred successful men, this question was asked: 

"What single ability is most essential to success?" 

The almost unanimous answer was: 

THE ABILITY TO GET ALONG WITH PEOPLE. 

You will agree with this, I am sure. 

The successful technician-engineer - business- 

man-must get along with other people, if he is to 

gain the greatest success, and earn the greatest profit 

from his technical abilities. 

Keep this in mind in your everyday life. Practice 

getting along with people. We can all improve on 
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STUDY SCHEDULE No. 54 

For each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly 
in your mind. Study each other step in this same way. 

1. Introduction Pages 1-6 
The video amplifier is compared to the audio amplifier in a sound receiver, 
then signal characteristics are discussed. 

2. Video Signal Distortions Pages 7-10 
This section covers amplitude distortion, frequency distortion, phase distor- 
tion, and time delay. 
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NOW that you have followed the 
video signals through the r.f. sec- 

tion (the input tuner and i.f. ampli- 
fier) and have studied the video de- 
tector, you are ready to make a 
detailed study of the video amplifier. 
This video amplifier can be compared 
directly to the audio amplifier of a 
sound receiver; it is the "low -fre- 
quency" section of a television set- 
the section that takes the signal from 
the detector and delivers it to the pic- 
ture tube. It is necessary because the 
signal output of the detector is insuffi- 
cient to operate the picture tube. 

The early history of the develop- 
ment of video amplifiers is much like 
that of audio amplifiers. Originally, 
the gain obtainable in the r.f. section 
was low, so a number of video stages 
had to be used, even though fidelity 
was sacrificed thereby. Then, as de- 
velopments in tubes and circuits per- 
mitted more amplification at high 
frequencies, the number of video 
stages was decreased, thus permitting 
wider frequency response. Today, 

SWEEP 
CIRCUITS 

POWER 
SUPPLIES 

many TV sets have only one video 
stage, although most use two, and a 
very few use three. 

Basically, the video amplifier stage 
is either a resistance -coupled or a 

direct -coupled stage. The transformer 
coupling commonly used in audio am- 
plifiers is completely impossible in 
video amplifiers because the very wide 
frequency range present in video sig- 
nals simply cannot be passed through 
audio transformers. Hence, the maxi- 
mum gain can be no more than the 
mu of the tubes; actually it will be 
far less than this because the load 
values must be kept small. 

To get a general idea of the gain 
needed, we can assume that the out- 
put of the video detector will be some- 
where around 2 volts in a set installed 
within a few miles of a television sta- 
tion. The amount of signal required 
to drive the picture tube may be any- 
where between 40 and 100 volts, de- 
pending on the tube type. This means 
that the video gain necessary will be 
between 20 and 50. 
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There is no question of delivering 
power-the picture -tube grid operates 
from a voltage, so all the video stages 
in a TV set are essentially just volt- 
age -amplifying stages. The tubes used 
are either high -mu triodes or pentodes, 
because the load values are so low 
that very little net gain would be ob- 
tained if tubes of lower mu were used. 

Because of the far higher mutual 
conductances available in the minia- 
ture tubes designed for TV use, a sin- 
gle pentode may give enough video 
gain. However, the designer may use 
two triodes or even two pentodes in 
cascade instead of a single pentode, 
because it is easier to adjust the 
two load circuits to give the required 
band width than it is to adjust the 
single load circuit of a single stage. 

Picture Phase. When the signal is 
fed to the grid of the picture tube, it 
must have a positive picture phase- 
that is, the signal voltage must go in- 
creasingly positive as the scene in- 
creases in brightness. Each video 
stage reverses the phase 180°, so when 
an odd number of video stages (one 
or three) is used, and the signal is fed 
to the picture -tube grid, the detector 
must deliver a negative picture phase. 
On the other hand, when an even 
number of stages (two) is used, and 
the signal goes to the picture -tube 
grid, the detector output must have a 
positive picture phase. At one time 
this had to be taken into considera- 
tion; today, however, the detector out- 
put can be of either phase because it 
has been found possible to secure a 
positive picture by feeding a signal 
of negative picture phase to the cath- 
ode of the picture tube. Therefore, 
today, regardless of the number of 
stages used in the video amplifier, the 
picture phase is adjusted properly 
either by setting the detector to de- 

liver the correct phase for the number 
of stages or by feeding the signal to 
the cathode instead of to the grid of 
the picture tube. 

With picture phase out of the way 
as a problem, there remain, in addi- 
tion to gain, the problems of passing 
the desired band width with minimum 
distortion and of either maintaining 
the d.c. level of the signal or restoring 
it. Before we get into the problems of 
band width, let's learn something 
more about the signal we must handle. 

SIGNAL CHARACTERISTICS 
The signal at the output of the 

video detector contains both the video 
and synchronizing signals. The comma 

plete video signal, including the sync 
pulses, is fed to the picture tube. It 
is not desirable to separate the syn- 
chronizing signals from the picture 
signal in the video amplifier, because 
the sync pulses help to blank out the 
tube during sweep retraces, as we will 
show elsewhere. 

At some point between the detector 
and the picture tube, a copy of the 
entire signal is taken off to be fed 
through the stages engaged in con- 
trolling the sweep circuits. The exact 
point depends on the sync level and 
phase, as another Lesson will show. 

Frequencies. The video amplifier 
must pass signals ranging from about 
10 cycles to as much as 4.25 mega- 
cycles in high -definition systems. The 
upper limit is subject to some varia- 
tion; when small picture tubes are 
used, it is impossible to see fine details 
at normal viewing distances, and fur- 
thermore, such sets are frequently in- 
expensive types. In such cases, the 
upper frequency limit may be cut to 
be only about 3 mc. Receivers with 
medium definition may cut off around 
3.5 to 3.75 mc. 
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A good low -frequency response is 
necessary so that the system will re- 
produce slow changes in brilliancy or 
gradual changes in shading from light 
to dark. On the other hand, a good 
high -frequency response is quite nec- 
essary so that the set will be able to 
reproduce satisfactorily the sudden 
and sharp changes that occur when 
the scanning spot moves from a light 
to a dark object in a scene. 

D.C. Component. In addition to 
having an extremely wide frequency 

BLACK 
LEVEL 

WHITE 

RLACK O 
DARK 

SCENE 

three a.c. signals may represent two 
scanning lines crossing the same ob- 
ject: for example, they may be scans 
of a scene that shows a house in dark- 
ness, in moonlight, and in sunlight. 

For simplicity, let's wipe out the 
variations in the a.c., thereby getting 
the signals shown in Figs. 1D, 1E, and 
1F. (These could well represent scenes 
having a solid over-all dark, gray, or 
white tone respectively.) 

Examining these three signals, you 
will see that the only basic difference 

o 

vim" 1.K.1J 
'GRAY 
SCENE 

FIG. 1. How the d.c. component affects the video signal. 

range, the video signal differs in one 
other important respect from the 
sound signal with which you are fa- 
miliar. The video signal has a d.c. 
component; it is actually a pulsating 
d.c. signal rather than a true a.c. one. 
The effect of the d.c. component is 
shown in Fig. 1. In A, B, and C of this 
figure we have the same a.c. signal, 
except that in each instance the level 
about which it varies is different. In 
A we have the signal for a dark scene, 
in B that for a gray scene, and in C 
that for a brightly lighted scene. All 

WHITE 
SCENE 

between them is in the amplitude of 
the video portion, which is shaded in 
this figure. Thus, as we move from the 
dark scene to the gray scene, the am- 
plitude represented by the shaded 
area increases. It increases more as 
we move from the gray to the white 
scene. However, this increase is all on 
one side of the black -level line. That 
is, the synchronizing pulses are not 
changed in amplitude at all; we have 
merely changed the amount of video 
signal by adding a d.c. to our a.c. 
signal. 
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What happens when a d.c. com- 
b; added to an a.c. sine -wave 

signal. 

If we add a d.c. to an a.c. sine -wave 
signal, as shown in Fig. 2, the effect 
produced is the same as that shown in 
Fig. 1. That is, the addition of the 
d.c. moves the a.c. signal with respect 
to the zero reference line. 

If we pass the combined a.c. and 
d.c. signal of Fig. 2C through an a.c. 

REFERENCE - 

I LINE ". 

o 

amplifier, the d.c. component will be 
wiped out, and we will have only the 
a.c. component of Fig. 2A. There is 
no way for us to regain the d.c. com- 
ponent here, because the signal, after 
a.c. amplification, contains no compo- 
nent that indicates what its previous 
d.c. level was. 

In a TV signal, however, the pres- 
ence of the pedestal and sync pulse 
does let us regain the d.c. component 
after it has been wiped out by a.c. 
amplification. Let's see why it is im- 
portant to regain this d.c. level and 
learn how it may be done. 

Figs. 3A, B, and C show the pul- 
sating d.c. forms of the TV signals we 
had in Fig. 1. In Figs. 3D, E, and F 
are their respective a.c. equivalents. 
Notice that the pedestals of the a.c. 
signals do not line up, although they 
do in the d.c. signals. This change has 
occurred because the areas of an a.c. 
signal on either side of the zero line 
are always equal (or, in other words, 
the average of an a.c. signal is always 
zero). The pedestals of signals having 
large d.c. components must therefore 
shift considerably below the reference 
line when the signals are converted 
to a.c. 

is 'l!" 

_ o 
lf 

o 
PEDESTAL 

LEVEL © PEDESTAL 
LEVEL 

FIG. 3. Pulsating d.c. signals (top) and their a.c. equivalents (bottom). 
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It is possible to apply these a.c. sig- 
` 33 nais to the grid of the picture tube 

without first lining up their pedestals. 
If this is done, however, improper 
operation will be produced, as you can 
see from Fig. 4. Here, a dark scene 
(Fig. 4A) has been lined up so that 
its pedestal coincides with the oper- 
ating point X on the tube curve. Video 
signals now swing to the right to give 
increases in brilliancy, and sync pulses 
go to the left into the blacker -than - 
black region to cut off the tube during 
retraces. A bright scene, however, as 
shown in Fig. 4B, would give but little 
increase in over-all illumination, be- 
cause the effect of any swing in the 
direction to the left of the operating 
point would be lost. On the other 
hand, if we arrange the circuits so 
that the pedestal of a bright scene 
(Fig. 4C) lines up with the operating 
point of the tube, even the sync pulses 
of a dark scene (Fig. 4D) will be well 
to the right of the operating point; 
the retraces of the dark scene will 
therefore be visible in the picture, and 
the scene would be very much brighter 
than it should be. 

All this wouldn't matter if all scenes 
had the same background brilliancy. 
Since they don't, however, the pedes- 
tals of the signals applied to the pic- 
ture tube must be lined up, as shown 
in Fig. 5, so that changes in back- 
ground illumination will be repro- 
duced accurately and so that the re- 
trace lines will not be visible. In other 
words, the signals applied to the pic- 
ture tube must contain a d.c. compo- 
nent that will permit alignment of 
the pedestals. 

Since the signal is produced in the 
proper form (with the d.c. component 
so that the pedestals are aligned) at 
the video detector, we must somehow 
get this signal to the picture tube 
unchanged. 

5 

One way of avoiding a.c. amplifica- 
tion is to use a d.c. amplifier (one that 
does not have coupling condensers). 
A single -stage d.c. amplifier is rela- 
tively simple-the grid of the tube is 
fed directly from the video detector 
load, and its plate circuit is directly 

FIG. 4. This illustration shows what hap- 
pens if the pedestals of the a.c. signals 
are not lined up before they are applied 

to the grid of the picture tube. 



coupled to the grid circuit of the pic- 
ture tube. 

When we get into more stages, how- 
ever, a number of major problems 
arise. A high -voltage power supply is 
required; if it is not furnished, the 
tubes must operate at reduced volt- 
ages, because the total supply voltage 
needed is the sum of the maximum 

cr 
m 
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FIG. 5. How the pedestals of a.c. signals 
should be lined up to produce the proper 
variation in the relative brightness of the 

scene reproduced on a picture tube. 

voltages required for each stage. In 
the early days of television, this was 
a real stumbling block because of the 
tube types available. However, the 
tubes now used operate at relatively 
low voltages and do not draw excessive 
plate currents, so two -stage direct - 
coupled amplifiers are practical. They 
are used to a considerable extent, as 
we shall see later in this Lesson. 

With the d.c. amplifier, special pre- 
cautions must be taken to prevent 
low -frequency oscillation (correspond- 
ing to motorboating in a sound re- 
ceiver) . Also, there is a high 
cathode -to -heater voltage in the final 
stage of the d.c. amplifier, which may 
lead to tube leakage difficulties. 

These problems, particularly the 
one of instability, make a.c. amplifiers 
quite desirable. Fortunately, we can 
use a.c. amplifiers even though they 
do wipe out the d.c. component of the 
signal, because it is possible to restore 
the d.c. component, using a circuit 
known as the d.c. restorer, so that the 
signal fed to the picture tube grid or 
cathode will have the pedestals lined 
up again properly. When this arrange- 
ment is used, the video amplifier does 
not require such extremely high volt- 
ages and is in general much more 
stable. For these reasons, a.c. ampli- 
fication with d.c. restoration is more 
common than d.c. amplification. We'll 
study both types, but first let's go into 
the distortions that are troublesome 
in video amplifiers. 
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Video Signal Distortions 
Video signals can be considerably 

upset by improper phase relationships 
as well as by frequency and amplitude 
distortion. Let's review these distor- 
tions and learn of the new require- 
ments. 

FREQUENCY DISTORTION 
As you will recall, frequency dis- 

tortion occurs whenever an amplifier 
does not amplify equally all the fre- 
quencies in the desired pass band. An 
amplifier that is defective in this re- 
spect may amplify some frequencies 
more than is desired and some less, or 
may not pass some frequencies at all. 

for deficiencies in the responses of 
preceding sections, thereby creating 
an approximately flat over-all charac- 
teristic for the entire set. 

AMPLITUDE DISTORTION 
When the wave shape of the output 

of a radio circuit or device is not 
exactly proportional to the wave shape 
of the incoming signal, we have what 
is known as amplitude distortion. This 
distortion results in the production of 
harmonics that were not present in the 
original signal. Such changes in the 
shape of the signal are commonly pro - 

. 
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FIG. 6. The solid line shows the fre- 
quency response that the video section of 
a TV set should have; the dotted line 
shows the response of the average audio 

amplifier. 

Fig. 6 shows the frequency response 
that the video section of a TV set 
should have. (Compare this with the 
frequency response of the average 
audio amplifier, shown by the dotted 
line.) It is not absolutely necessary 
that the response of the video ampli- 
fier alone be as flat as this. If there is 
a loss of high frequencies in the video 
i.f., for example, it can be compen- 
sated for by having a peaked response 
at these frequencies in the video am- 
plifier. Similarly, any peaking in the 
r.f. or i.f. sections can be compensated 
for by a reduced response in the video 
amplifier at the appropriate frequen- 
cies. Thus, the response of the video 
amplifier can be adjusted to make up 

9 MG. 

duced by operating an amplifier too 
near one of the bends of its charac- 
teristic; they may also be produced 
by overloading. Overloading is com- 
monly avoided in television through 
the use of a gain control in the i.f. 
amplifier or in one of the video stages. 
Set designers are always careful to 
choose operating voltages and loads 
such that amplitude distortion is not 
appreciable when a set is operating 
as it should. 

While we are on the subject of am- 
plitude distortion, we might mention 
intermodulation distortion as well. 
Intermodulation distortion occurs 
when two signals are mixed and their 
beat (sum and difference) frequencies 



are produced. These sum and differ- 
ence frequencies are not harmonics, 
but they are produced by operation 
over a bent characteristic just as am- 
plitude distortion is. Therefore, inter - 
modulation distortion is low whenever 
the amplitude distortion is low, and 
vice versa. 

PHASE DISTORTION 

Phase distortion exists in all ampli- 
fiers-sound as well as video. It is 
of no particular importance in sound 
amplifiers, but it is extremely impor- 
tant in video circuits. 

Phase shifts occur because there is 
some reactive component in the cir- 

output would be in the same phase as 
are the input components. 

If, on the other hand, one frequency 
gets more of a shift than another, the 
resultant output wave form will be 
quite different from the input. In Fig. 
7, the output signals show that the 
higher frequency has been shifted 90° 
in phase with respect to the lower one. 

The resultant of the two input sig- 
nals is shown in Fig. 8A; the 90° 
phase shift produces the resultant out- 
put shown in Fig. 8B. By comparing 
the two resultant waves, you will see 
that the over-all wave form of the 
output is quite different from that of 
the input, which means that distortion 
has been introduced. 

AMPLIFIER 
0 ú0 

N 
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TO 

FIG. 7. The phase relationship of the 
components of a complex wave can be 
altered by a video amplifier. This causes 

"phase distortion." 

cuit. Even in a direct -coupled ampli- 
fier, the tube capacities shunting the 
load introduce a certain amount of 
phase shift. This comes about because 
the impedance of the load circuit 
changes as the frequency of the signal 
changes. Therefore, in most cases, the 
amount of phase shift changes as the 
frequency of the input signal changes. 

A phase shift causes the wave form 
of the signal to be changed because 
the relative positions of the various 
components in the signal are changed. 
For example, in Fig. 7, we are apply- 
ing to the amplifier an input signal 
consisting of two components, 1 and 
2, with the second having twice the 
frequency of the first. If there were 
no phase shift, the components in the 

One effect of this distortion is shown 
by the change it causes in the dis- 
placement from the zero line of points 
on the resultant wave. As you can 
see, point X in Fig. 8A is at a con- 
siderably greater distance from the 
zero line than is point X in Fig. 8B, 
although the two occur at the same 
time in the cycle. Since its displace- 
ment from the reference line deter- 
mines the shade (relative grayness) of 
a point in a signal, phase distortion is 
thus capable of changing the shade 
of various parts of a picture. 

At first glance, it might appear that 
we could avoid difficulty if we could 
arrange for the same phase delay at 
all frequencies. However, another fac- 
tor is involved here-the fact that a 
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phase delay results in a delay in time. 
Any time delay in the application of 

a signal to the picture tube will, of 

course, cause the part of the scene 

represented by that signal to appear 
in the wrong place. Hence, a phase 
shift may not only change the shade 
of parts of the picture, but may also 
produce an actual physical distortion 
by causing some portions of the image 

to be out of place. The image blurring 
caused by time delay is even less de- 
sirable than changes in shade are, so 

television circuits are arranged to pro- 
duce a constant time delay rather 
than a constant phase shift. If all 
components of the signal are time 
delayed the same amount, the entire 
picture is shifted slightly to the right 
or left, which doesn't matter. We get 
into trouble only when some elements 
of the picture are shifted more than 
others. 

RESULTANT 
A" -- WAVEFORM 

2 

X 

FIG. 8. If two input signals are applied simultaneously to an amplifier, and one is 

shifted more in phase than the other is, the resultant waveform of the output (B) 
will be quite different from the resultant waveform of the input (A). 

TIME DELAY 
To get an idea of how the phase 

shift and time delay are related, refer 
to Fig. 9. In Fig. 9A, we have assumed 
that we have a 100 cycle -per -second 
sine -wave signal. If this signal is 

shifted 90° (one -quarter cycle), as 
shown by the dotted -line wave, there 
will be a certain definite delay be- 
tween the time that the original signal 
performs some action (such as going 
through zero) and the time that the 
phase -shifted signal performs the 
same action. After it has passed 
through zero, for example, the original 
signal will go through a quarter of a 
cycle before the phase -shifted signal 
goes through zero. The time delay 
suffered by the shifted signal is there- 
fore equal to the time duration of a 
quarter -cycle. Since the time for one 
cycle of a 100 -cycle signal is 1/100 
of a second, the time delay caused by 
a phase shift of one -quarter cycle is 
1/400 of a second. 
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200 SECOND 

Now let's see what happens with a 
200 -cycle signal. As shown in Fig. 9B, 
the time for one cycle is 1/200 of a 
second, so the time delay for a phase 
shift of one quarter cycle would be 

400 SEC . ND 

. 

100 C.P.S. 
SIGNAL 

200 C.P.S. 
SIGNAL IL 

.' 

. 

800 ECOND o 
HG. 9. How phase shift and time delay 

are related. 

1/800 of a second. Thus we see 
that the time delay for a phase shift 
of 90° at 200 cycles is one-half as long 
as the time delay caused by the same 

amount of phase shift at 100 cycles. 
Therefore, if phase -shifted signals of 
various frequencies are to undergo a 
constant time delay, the amount of 
phase shift must increase as the fre- 
quency increases. In other words, the 
phase shift must vary linearly with 
frequency. 

As an example, if an amplifier has 
a phase shift of 6° at 500 cycles, it 
must have a 60° phase shift at 5000 
cycles and only a .6° phase shift at 
50 cycles if it is not to produce time - 
delay distortion of the amplifier sig- 
nal. The formula that shows the rela- 
tion between time delay (t) and phase 
shift (B) is: 

B 

t 360 f 

where t is in seconds, f is in cycles per 
second, and 0 is in degrees. 

We will give a somewhat better idea 
of the effects of time delay later, when 
we consider the effects of such delay 
at low and at high frequencies. (Inci- 
dentally, this really should be called 
a time shift rather than a time delay, 
because it is possible for there to be 
speeding up or advance in time of 
some components, however, since it is 
customary to refer to it as "time de- 
lay," we shall use that form too.) 
Let's now turn to a.c. amplifiers to 
learn of their characteristics, then go 
on to d.c. amplifiers. 
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Fundamental A.C. Video Stages 
Let's start our study of a.c. video 

stages by reviewing the resistance - 
capacitance -coupled amplifier shown 
in Fig. 10, which is much like the 
audio amplifier with which you are 
familiar. Briefly, you will recall that 
the gain of the VT1 stage depends on 

FIG. 10. A fundamental resistance - 
coupled amplifier. 

the amplification factor of the tube 
and on the load used with that tube. 
At middle frequencies in the pass 
band, the load is the parallel combi- 
nation of resistors R1 and R2. If R2 is 
fairly high in value compared to R 
the load is approximately the value of 
R1 alone. 

If such a stage contained no re- 
active components, its frequency re- 
sponse would be flat from zero to 
infinity. This is shown by the hori- 
zontal line in Fig. 11. As a matter of 
fact, however, the frequency response 
of an amplifier of this kind rolls off 
in both the low- and the high -fre- 
quency regions, as indicated by the 
dotted lines in Fig. 11. The fall -off 
in the response at the low -frequency 
end, in the region marked X, is chiefly 
caused by the coupling condenser C1 
in Fig. 10, which acts as a voltage di- 
vider with R2. As the frequency de- 
creases, the reactance of C. increases, 

and less signal appears across R. for 
application to the next tube. 

The low -frequency response is fur- 
ther reduced by the cathode by-pass 
condensers C. and C. in Fig. 10, be- 
cause their reactances rise so much at 
low frequencies that they are not 
effective by-pass condensers, with the 
result that degeneration occurs. 

At the high frequencies, the re- 
sponse falls off because the load is 
shunted by the output capacity of 
VT1 (marked Cpg in Fig. 10), by the 
input capacity of VT, (marked Cog 
in Fig. 10), and by such distributed 
capacities as exist from the plate and 
grid wires and from C1 to chassis. The 
reactances of these capacities fall as 
the frequency increases, so they shunt 
the load at high frequencies. This 
reduction in the net load causes the 
high -frequency roll -off marked Y in 
Fig. 11. 

1 

z 

.' X 
, 

FREQUENCY 

FIG. 11. The frequency response of a 
simple R -C amplifier rolls off at both the 

low and the high frequencies. 

Thus, we have two different prob- 
lems-we have to extend the low - 
frequency roll -off so that the gain will 
be reasonably high at the lowest fre- 
quency we want, which is around 10 
cycles in the case of the video ampli- 
fier, and we must also keep up the 
high -frequency response out to about 
4 megacycles. Let's investigate both 
these problems. 
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LOW -FREQUENCY RESPONSE 

As we just mentioned, the primary 
reason for the roll -off in the low -fre- 
quency response is that the coupling 
condenser and the following grid re- 
sistor form a capacity voltage divider. 

e2 The action is brought out more clearly 
in Fig. 12. When we apply the voltage 
e, (from the load for VT,) to the 

2 combination shown in Fig. 12A, a 
I current will flow through C, and Ref 

' © the current through R2 produces the 
e,1 voltage drop elf which is the grid volt- 

age for the following stage. 
When the frequency is so high that 

the capacitive reactance of C, is neg- 
ligible with respect to the value of 
R2, e, and e2 are equal, as shown in 
Fig. 12B. 

As the frequency decreases, how- 
ever, the reactance of C, increases. As 
it becomes larger, the current flow 
through the series circuit of C, and 
R2 causes an increasing voltage drop 
ec across the condenser. The same 
current flows through both C, and R2, 
but the voltage drop across R2 is in 
phase with the current, whereas that 
across C, is 90° out of phase with the 

© current and lags behind it. Hence, as 
shown in C, D, E, and F of Fig. 12, 
when the drop ec increases, the volt- 
ages e, and e2 are pulled out of phase, 
and e2 decreases. Eventually, at very 
low frequencies, the reactance of C, 
becomes so high that practically all 
the voltage e, is dropped across the 
condenser, and there is virtually none 
left as e2. Therefore, this voltage di- 
vider reduces the output at low fre- 
quencies. In addition, as you can see 

© from Fig. 12, the phase difference be- 
tween e2 and e, increases as the fre- 

FIG. 12. These vector diagrams show why 
a roll -off occurs in the low -frequency 

ec e, response of an R -C amplifier. 
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quency decreases, eventually reaching 
approximately 90° at the low -fre- 
quency extreme of the frequency range. 

The amount of this phase shift is 
very important. If it is as much as 
45° or 1/8 of a cycle at 10 cycles, 
the time delay will be 1/80 of a 
second or .0125 second. This is 12,500 
microseconds, which is almost equal 
to the time it takes to scan an entire 
field! Obviously, the phase shift must 
be kept very small if the amplifier is 
to handle very low frequencies. 

Another way of looking at this ac- 
tion is to consider it as a time -constant 
problem. Let's suppose we have a 
scene like that shown in Fig. 13A. At 
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O, 
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i6° SEC. 

BLACK LEVEL 
OSIGNAL REQUIRED AT O GRID OF T.C.R.TUBE 

FIG. 13. These diagrams shown how 
distortion. A long time constant for 

the condenser becomes charged, how- 
ever, the current flow into it decreases, 
so the voltage across R gradually 
drops, producing a sloping top on what 
should be a square wave. When the 
voltage suddenly changes to the black 
level, the signal produced by the cur- 
rent flow through R goes to the black 
level at first, but the charging of the 
condenser produces a sloping bottom 
on what should be a square wave. 
When this signal is applied to the pic- 
ture tube, the highest swing at the 
bright level will produce a white back- 
ground, but since the voltage does not 
maintain this level but gradually 
fades off into the gray region, the pic- 
ture will gradually get gray as the 

BRIGHT LEVEL 

BLACK LEVEL 
R -C COUPLING SIGNAL AT OUTPUT 

CIRCUIT O OF COUPLING 
CIP^IIIT 

an R -C coupling circuit produces background 
the coupling circuit minimizes the distortion. 

WHITE 

GRAY 

BLACK 

GRAY 

the top of the picture, the signal volt- 
age should rise to the white level. It 
should remain there until the middle 
of the picture is reached, when it 
should instantly shift to the black 
level, remaining there until the end of 
the picture. Hence, the signal applied 
to the grid of the picture should be 
like that shown in Fig. 13B. 

If this signal is fed through an R -C 
coupling circuit like that in Fig. 13C, 
the signal at the output of this circuit 
will be like that shown in Fig. 13D if 
the time constant of the circuit is too 
short. At the instant the voltage 
changes from zero to the bright level, 
maximum current flows through R. As 

© SCENE PRODUCED 
BY SIGNAL AT D 

center of the screen is approached. At 
the center, the signal will suddenly 
produce a black picture, but this will 
become gray towards the bottom of 
the picture. 

It would appear that we could pre- 
vent this graying of the whites and 
blacks by increasing the time constant 
of the coupling network-that is, by 
using large values of C and R so that 
it would take longer for the condenser 
to charge. This would keep the output 
more nearly constant by reducing the 
amount of slope in the top of the 
wave. 

By increasing the values of either 
R2 or C, in Fig. 10, we can keep the 
output more nearly constant and also 
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reduce the phase distortion that occurs 
in such a coupling. However, there are 
practical limits to the values that may 
be used. If the resistor R2 has too 
high a resistance, gas in VT2 may 
cause difficulties; this resistor is in the 
grid circuit of VT2, and a high resist- 
ance develops an unwanted positive 
"bias" when even small amounts of 
gas current flow through it. Increasing 
the value of condenser C,, may also 
cause trouble, because this increases 
the capacity between the condenser 
and ground and therefore reduces the 
high -frequency response, as we shall 
show later. Furthermore, high -capaci- 
ty condensers are likely to have rela- 
tively high leakage, which may upset 

first glance, this looks like an ordinary 
decoupling network, and in fact it acts 
like one at the medium and high fre- 
quencies. By-pass condenser C2 offers 
negligible impedance at high frequen- 
cies, so it prevents signals from getting 
either into or out of the VT, stage 
through the B+ lead. 

The value of C2 is chosen, however, 
so that it is somewhat smaller than it 
would be in a sound receiver, with the 
result that it becomes part of the load 
at medium -low frequencies. In other 
words, at these frequencies, the load 
for VT1 is made up of R, and C27 since 
this condenser completes the a.c. plate 
circuit back to the cathode. The volt- 
age developed across both R, and C2 

FIG. 14. A circuit that is often used 
low -frequency compensation. 

the C bias in the following stage. Fi- 
nally, and perhaps most important, 
making the time constant of the cou- 
pling circuit too long will make it 
impossible for the following stage to 
recover from transient voltages quick- 
ly, with the result that sharp changes 
in voltage may cause motorboating. 

Because the use of a long time con- 
stant has so many drawbacks, design- 
ers use other methods to compensate 
for low- and high -frequency roll -off. 

Low - Frequency Compensation. 
Fig. 14 shows the low -frequency com- 
pensating arrangement that is nor- 
mally used in video amplifiers. This 
consists essentially of the by-pass 
condenser C2 and the resistor R,. At 

for 

is applied to C1 -R2. Effectively, there- 
fore, we have a circuit in which the 
load increases in impedance as the 
frequency decreases. As a result, the 
voltage applied to C, -R2 increases as 
the frequency decreases, which makes 
up for the increased voltage drop 
across C1. 

Fortunately, this also compensates 
for the phase shift that we described 
earlier. The capacitive reactance of 
C2 causes a phase shift in the source 
voltage for the C1 -R2 divider of such 
a nature that the voltage at the grid 
of VT2 is kept in nearly the proper 
phase. 

The resistor R, is needed to make 
C2 become part of the load. The value 
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of R5 should be as high as possible; 
if it is made too high, however, there 
will be too great a drop in the B sup- 
ply voltage. Therefore, in most prac- 
tical circuits of this kind, R5 has a 
resistance about 20 times as great as 
the reactance of C2 at the lowest fre- 
quency the circuit is designed to pass. 

If the C1 -R2 phase shift were the 
only shift of importance, it could be 
removed by making the time constant 
of R1 and C2 equal to that of Cl and 
R2 (the time constant R X C). 
However, you won't always find these 
two products equal in practical cir- 
cuits, because there may be other 
phase shifts that must be compensated 
for. For example, the cathode by-pass 
condenser C2 is supposed to prevent 
degeneration at all frequencies. How- 
ever, at very low frequencies, the re- 
actance of even a very high capacity 
will be appreciable in comparison to 
the low resistance it by-passes. Hence, 
there will be a certain amount of de- 
generation in the VT1 stage in Fig. 14 
at low frequencies, reducing the gain 
of the stage at those frequencies. 
Some of this effect can be compen- 
sated for by the C2 -R5 combination, 
because the increase in the load will 
counteract the drop in gain. 

Although we have shown triodes, 
pentodes are quite commonly used in 
video amplifiers because of their 
greater gain. The screen -grid circuit 
of a pentode introduces a low -fre- 
quency drop, because the screen -grid 
by-pass condenser is not large enough 
to be a completely effective by-pass 
at these low frequencies. This drop 
must also be compensated for by the 
C2 -R5 combination. 

The values used for C2 and R5 
therefore have a considerable effect on 
the low -frequency response of the 
video amplifier. In replacing these 

parts, it is important to use exact 
duplicates to avoid upsetting the 
compensation. 

More low -frequency compensation 
can be obtained, if desired, by allow- 
ing more of the vestigial side band to 
pass through the r.f.-i.f. sections. This 
will cause the output of the video 
detector to be higher in the low - 
frequency region. 

HIGH -FREQUENCY RESPONSE 

At the higher frequencies, ranging 
from about 15,000 cycles to 4 mega- 
cycles, compensation is absolutely 
necessary if we are to obtain a reason- 
able response. As a matter of fact, 
most engineers consider it more im- 
portant to get the high -frequency re- 
sponse ironed out than to compensate 
the low -frequency response. Although 
it is true that the background bril- 
liancy may be disturbed if the low - 
frequency response is poor, the detail 
in the picture is determined by the 
high -frequency response. 

The low -frequency response is de- 
pendent on three items (the coupling 
condenser, the cathode by-pass con- 
denser, and the screen -grid by-pass 
condenser), but the response at the 
high frequencies is dependent primari- 
ly only on the capacity that is in 
shunt with the load. In other words, 
the parts that cause the low -frequency 
roll -off play no part in causing the 
high -frequency roll -off, because the 
condensers involved have such low 
reactances at high frequencies that 
they act as short circuits and intro- 
duce no drop. 

Therefore, at high frequencies, the 
typical circuits shown in Figs. 10 and 
14 can be resolved into the equivalent 
circuit shown in Fig. 15. Here, the 
load resistance R1, the grid resistance 
R2, and the shunting capacities are all 
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in parallel and make up the net load. 
The capacity we have marked as Cpx 
represents not only the plate -cathode 
capacity of VT1 but also the stray ca- 
pacities to the chassis of the load re- 
sistor and of the tube socket. The 
capacity Cox represents not only the 

FIG. 15. The equivalent circuit of an 
R -C amplifier at high video frequencies. 

input capacity of the following tube 
but also the stray capacities to the 
chassis of the grid resistor and of the 
coupling condenser. 

If we combine the parallel resistors 
and the parallel capacities, we get the 
equivalent circuit shown in Fig. 16. 
You can see that, as the reactance of 
the capacity decreases, the net imped- 
ance of the parallel combination of C 
and R will drop. This means that 
more and more of the source voltage 
el will be dropped in the plate resist - 

FIG. 16. The circuit in Fig. 15 can be 
simplified to this form. 

ance Rp of tube VT,. Hence, the out- 
put voltage e2 will be reduced with 
increases in frequency. 

This variation in the load imped- 
ance with frequency also causes phase - 
shift difficulties. The total plate cur- 
rent must equal the vector sum of the 
currents through the resistive and ca- 
pacitive portions of the load; there - 
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fore, as the capacitive current in- 
creases because of the reduction in 
reactance, the total current becomes 
increasingly out of phase with the 
output voltage e2. This is the same as 
saying that the output voltage is be- 
coming increasingly out of phase with 
the input voltage, because the input 
voltage and the total current are in 
phase. Hence, the variation in the 
load introduces a phase shift. 

Since this difficulty is caused by 
shunting capacities, the most direct 
remedy is to reduce these capacities 
as much as possible. Miniature tubes 
and sockets are used to reduce the 
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17. These curves show that a 
in the plate -load resistance 
coupled stage improves frequency 
response at a sacrifice in gain. 

reduc- 
of an 

tube capacities, and the parts are 
mounted well away from the chassis 
to reduce the capacity of the resistors 
and of the coupling condenser to the 
chassis. Even when these capacities 
have been reduced as much as is prac- 
tical, they are still too high for the 
very wide frequency range we need. 

As Fig. 17 shows, it is possible to 
reduce the effects of these shunting 
capacities further by reducing the 
plate load resistance. In drawing this 
figure, we assume that the shunting 
capacities had the same value in each 
case. (The actual point at which the 
curves begin to slope will, of course, 



depend on what the capacity is. The 
larger the capacity, the lower the fre- 
quency at which the roll -off will occur. 
In general, however, the curves will 
have the same shape regardless of 
capacity.) 

You will recall from your studies of 
wide -band amplifiers that the pass 
band is considered to extend out to 
the point where the relative gain is 
about 70% of the maximum gain. If 
we follow this principle in examining 
the curves in Fig. 17, we find that the 
pass band extends to point A when the 
load is 50,000 ohms. When the load 
is reduced to 10,000 ohms, the response 

reasonable value so that normal gain 
can be obtained. The high -frequency 
response must therefore be extended 
in other ways. There are two basic 
methods of doing this; let's study 
them now. 

SHUNT COMPENSATION 

One of the basic ways of extending 
the high -frequency response is shown 
in Fig. 18. An inductance coil L1 is 
added in series with the plate load 
resistor. This coil increases the high - 
frequency response because it forms a 
parallel -resonant circuit with the 

FIG. 18. Coil L, in this R -C coupled am- 
plifier provides shunt compensation to 
offset attenuation of high picture fre- 

quencies by C. 

extends to point B; reducing it to 
5000 ohms extends the response to C; 
and reducing it to 1000 ohms extends 
the response to point D. In other 
words, reducing the load gives an in- 
creasingly wider pass band, because 
the response is extended toward the 
high -frequency end of the band. 

As you can see, however, this exten- 
sion of the pass band is accompanied 
by a reduction in gain at all the other 
frequencies. There is, therefore, a 
definite limit to how far we can reduce 
the load impedance. Even though we 
use tubes of high mutual conductance, 
the load resistance must be kept at a 

shunting capacity. This is called 
"shunt compensation" because the in- 
ductance is in shunt (in parallel) with 
the capacity (represented as C). The 
coil is selected so that the circuit is 
made resonant at a frequency at or 
above the highest picture frequency 
to be passed. The resulting over-all 
response of the stage is then the com- 
bination of the resonance curve and 
the normal response curve. 

If the capacity remains fixed, the 
resonant peak can be moved to the 
right or left by choosing different 
values for the coil L17 as shown in 
Fig. 19. The actual height of the peak 
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depends on the Q; if we increase the 
Q by increasing the inductance with- 
out changing the load resistance, we 
will get a higher peak at a lower fre- 
quency. The choice of the coil there- 
fore depends on the frequency range 
desired and on whether the compensa- 
tion should raise the high -frequency 
response above normal. 

Since the effect of such a coil is 
to give a peak in the response, it is 
known as a "peaking" coil. 

The introduction of the coil to cause 
resonance at the higher -frequency end 
of the pass band tends to reduce the 
phase shift. Unfortunately, the values 

That is, the output capacity of VTI, 
represented as CA, and the input ca- 
pacity of VT2 (CB) are separated by 
coil L1. (Insofar as It, is concerned, 
therefore, it is now shunted only by 
CA.) These two shunting capacities 
and Ll now form a low-pass filter of 
such a nature that all frequencies are 
passed that are below the frequency 
at which L, and CB become series res- 
onant; above this point, however, the 
frequency response is cut off sharply. 

Since Rl is now shunted by a much 
smaller condenser than the one that 
shunted it before L, was installed, the 
frequency response is extended con - 

FIG. 19. These curves show how the high - 
frequency response of the amplifier shown 
in Fig. 18 depends upon the Q of coil L,. 
Curve 1 shows the effect of a low -Q coil. 
Curve 5 the effect of a high -Q coil; the 
other curves show the effect of inter- 

mediate values of Q. 

of inductance and load resistance that 
give the best phase characteristics are 
not the ones that give the best peak 
output, so a compromise is necessary. 

SERIES COMPENSATION 

Another system of compensating for 
the roll -off in the high -frequency re- 
sponse is to install an inductance in 
the position occupied by L, in Fig. 
20. This system is known as "series 
compensation," because the coil is in 
series with the signal path. 

The effect of this inductance is to 
split the shunting capacity in half. 

siderably. As a matter of fact, the 
characteristics of the filter are such 
that it is superior to shunt compensa- 
tion with respect to frequency re- 
sponse, minimum phase shift, and 
output. 

The exact response obtainable with 
series peaking depends on where coil 
L1 is located. As shown in Fig. 21, 
there are three possible positions for 
coil L1. In Fig. 21A, it is located be- 
tween the load resistor and the cou- 
pling condenser, a position that makes 
the capacity CB include that between 
the coupling condenser and ground. 

In Fig. 21B, the coil is on the other 
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side of Cl; now the C1 -to -chassis ca- 
pacity is part of CA. 

In Fig. 210, the coil is located be- 
tween the plate of tube VT1 and the 
entire coupling network. Now the ca- 
pacity CA is just that of the tube VT11 
whereas CB includes all other shunt- 
ing capacities. 

In each of these cases, the position 
of the coil determines how much ca- 
pacity CA has and how much CB has. 
Since the relative capacities of these 
two have a pronounced effect on the 
action of the filter, it is possible to 
change the resonant point by chang- 
ing the position of the coil in the 
circuit. 

You will notice that a resistor R, 
is in parallel with the series peaking 
coil in each case in Fig. 21. In a 
shunt compensating circuit, the load 
resistor controls the Q, but the Q for 
a series peaking coil is not similarly 
controlled. Therefore, a resistance is 
added in parallel with the inductance 
to adjust the Q properly. As a matter 
of fact, the coil is made with a resistor 
as an integral part of the assembly: 
the coil itself is wound right around 

FIG. 20. A series -compensation circuit. 

the resistor so that the two form a 
single unit. This adjustment of the 
Q affects the response to frequencies 
near the resonant cut-off frequency. 

Since a combination of series and 
shunt peaking gives better response 

than either alone, it is very common 
to find both used together in a circuit 
like that shown in Fig. 22. Here, 
shunt peaking coil L2 is shunted by R. 
to give a lower Q than is provided by 
R1. (This is necessary in this par- 

`e),77.fr., 

FIG. 21. Three possible positions for the 
peaking coil in a series compensation 

circuit. 

titular circuit because the value of R1 
is fixed by other requirements at a 
resistance that is too small to give the 
Q desired.) The combination C2 -R5 
gives low -frequency compensation in 
this stage also. 

One stage usually cannot give all 
the compensation needed, so, to even 
out the response, it is fairly common 
to use more than one stage of amplifi- 
cation and to equalize them different- 
ly. Thus, you may find two triode 
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stages used to get this equalization, 
even though the net amplification is 
no more than could be obtained from 
a single pentode stage. 

Summing up for a.c. amplifiers- 
one to three stages of resistance - 
capacitance coupled amplifiers are 
used in modern sets. Several forms of 

ages can be fixed in each stage inde- 
pendently. However, coupling con- 
densers affect the low -frequency re- 
sponse and remove the d.c. component 
of the video signal. Since, as we 
showed in Figs. 4 and 5, it is neces- 
sary to have this d.c. component of 
the video signal, we must either use 

FIG. 22. A combined shunt -peaking and 
series -peaking coupling circuit. Coil L, 
is the series -peaking coil; coil L, is the 

shunt -peaking coil. 

low- and high -frequency compensa- 
tion are used with these amplifiers to 
extend the frequency range and re- 
move frequency and phase distortion 
as much as possible. 

The use of coupling condensers pro- 
vides an advantage in that it makes 
each stage independent of all others 
in its operating potentials. Bias volt- 

d.c. amplification or restore the d.c. 
component if we are to get the pedes- 
tals lined up again so that the circuit 
will respond properly to any changes 
that may occur in the background 
illumination. 

Let's first see how the d.c. amplifier 
differs from the a.c. form, before we 
study the restorers. 
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Fundamental D.C. Amplifier 
Basically, a d.c. amplifier is one 

that does not contain blocking con- 
densers or transformers. (The "d.c." 
in this name can mean either "direct - 
current" or "direct -coupled"; both 
names are applied to this amplifier.) 
This makes it possible to pass along 
the d.c. component of the signal as 
well as the a.c. component. 

The d.c. component acts throughout 
a d.c. amplifier as a variable bias that 
accompanies the signal and arranges 
the operating points of the amplifier 
so that the pedestals in the signals will 
be lined up regardless of the average 
brightness or darkness of the particu- 
lar scenes. 

Fig. 23 shows a basic circuit of this 
kind. Here, tube VT1 is the video de- 
tector, which is fed from the i.f. coil 
L1. Its load resistor Rl has the shunt 
peaking coil L2 in series with it to 
increase the high -frequency response. 
Notice that the control grid of VT2 
is directly connected to this load; no 
coupling condenser is used. Hence, 
the d.c. level of the signal is passed 

right on to tube VT2. That is, the d.c. 
drop across R1 acts as a variable bias 
that follows the signal brightness 
level. This bias is applied to VT2 and 
causes its operating point to shift as 
the brightness changes. 

You will observe that the plate cir- 
cuit of tube VT2 contains the series - 
peaking coil L3 shunted by RB1 and 
that its load resistor R, has L. as a 
shunt -peaking coil in series with it. 
R8 and C5 provide a low -frequency 
compensation as in other circuits we 
have studied. 

The control grid of the picture tube 
is connected directly to the plate end 
of the load for VT2; again, there is no 

intervening coupling condenser. The 
picture tube cathode is connected to 
the chassis by condenser 08, so the 
a.c. signal across the L4 -R,-05 load is 

applied between the grid and cathode 
of the picture tube. There is also a 

path from the grid to the cathode 
(through L47 R and R8) across which 
is developed a d.c. that varies as the 

FIG. 23. A basic d.c. amplifier. 
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brightness changes. Therefore, both 
the d.c. and a.c. components of the 
signal are applied to the picture tube, 
with the result that the pedestals 
stay lined up. 

The absence of coupling condensers 
removes one of the factors that can 
cause a low -frequency roll -off, but we 
still have the cathode circuit of VT2 
to worry about, plus the fact that the 
over-all design may be such that the 
low -frequency response is limited. 
Therefore, although low -frequency 
compensation is not as necessary in 
the direct -coupled amplifier as it is in 
an a.c. amplifier, a certain amount of 
this compensation may be needed. 

not be sufficient high -frequency com- 
pensation. For these two reasons, it 
is sometimes necessary to use a two - 
stage direct -coupled amplifier. 

At once we run into a supply volt- 
age problem. Since the stages are 
directly coupled, the plate supply of 
the first stage affects the bias of the 
second, and the plate supply of the 
second must be higher than that of 
the first to get normal operation. Let's 
run through this problem before study- 
ing a typical two -stage amplifier. 

Power Supply. Fig. 24 shows an 
elementary two -stage direct -coupled 
amplifier. Let's assume that the volt- 
ages marked on the diagram are those 

413V 

FIG. 24. The power -supply arrangement 
used for a basic two -stage d.c. amplifier. 

TWO -STAGE AMPLIFIER 
The single -stage direct -coupled am- 

plifier in Fig. 23 has several factors 
to recommend it. We do not need 
voltages as high as are needed in 
multi -stage d.c. amplifiers, and the 
likelihood of motorboating is not great 
in a single stage. Further, there is no 
need for d.c. restoration, since the d.c. 
component of the signal is kept 
throughout. 

The only things wrong with the cir- 
cuit are the facts that there might not 
be enough gain and that there might 
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we require for operation. That is, 
tube VT, requires a 3 -volt bias for 
100 volts on the plate. The normal 
VT1 plate current through load re- 
sistor R3 causes a 50 -volt drop. There- 
fore, the total supply for this tube is 
50 + 100 + 3 or 153 volts. This is 
obtained from the voltage divider be- 
tween terminals A and C. 

For tube VT2, we need a 10 -volt 
bias and 200 volts on the plate, and 
the plate current causes a 100 -volt 
drop in the load 114. First, we have to 
get the 10 -volt bias. We have a 50- 



volt drop in Ri, which has the right 
polarity but is 40 volts too much. 
Therefore, the cathode of VT2 must 
be returned to point B on the voltage 
divider so that it will be 40 volts 
negative with respect to point C. Then, 
the 40 volts developed across Rg will 
be opposed by the 50 volts across R. 
with the result that the difference of 
10 volts will appear as the bias for 
tube VT2. 

Next, we require a total of 300 volts 
between the cathode and B+ for this 
tube (200 volts for the plate plus 100 
volts that is dropped across R4). 
Hence, 300 volts must be developed 
between point B and point D of the 
voltage divider. Since there is a 40 - 
volt drop between B and C, a voltage 
of 260 volts is needed across R1. The 
total voltage must therefore be 260 
plus 153 or 413 volts. Notice that 
this direct coupling of two stages 
makes it necessary to have a high B 
voltage available even though the 
plate voltages needed are quite ordi- 
nary. 

Typical Circuit. A typical two - 
stage d.c. amplifier circuit is shown 
in Fig. 25. We can break down the 
supply circuits of this amplifier into 
the basic elements shown in Fig. 26. 
The total supply here is 215 plus 120 
or 335 volts. We can analyze this cir- 
cuit in much the same way as the 
circuit of Fig. 24 by noticing that the 
voltages are all measured with respect 
to ground. 

The cathode of VT2 is tied through 
R5 and R1 to a point that is at -120 
volts with respect to ground. There is 
a 3 -volt drop across R57 which be- 
comes the bias for the grid of VT2, 
since the grid returns to this point 
through R5. 

'The plate current of tube VT2 flows 
through R10 and R9 to the +215 -volt 
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terminal of the power supply. In addi- 
tion, R15 acts as a bleeder to cause 
additional current to flow through R9. 
The total drop across R9 is therefore 
more than 215 volts; it is actually 
225 volts, which makes the junction 
of R. and R11 be at a potential of -10 
volts with respect to ground. There is 
an additional 9 volts across R10f so 
the plate of VT2 is -19 volts and its 
cathode is -117 volts with respect to 
ground. The plate voltage is the dif- 
ference between the two, or 98 volts. 
Although both the plate and the cath- 
ode are negative with respect to 
ground, the cathode is more negative 
than the plate, which means that the 
plate is positive with respect to the 
cathode, as is required. 

The bias needed for tube VT, is 
about 4 volts. The grid of this tube 
is at a potential of -10 volts with 
respect to ground, because it is con- 
nected to the junction of R. and R11. 
To produce the proper bias, the cath- 
ode of VT3 is tied to a terminal that 
is -6 volts with respect to ground. 

The plate voltage needed for VT3 is 
about 134 volts, and there is a drop 
of 81 volts in its load resistor. The 
total supply needed for VT, is there- 
fore 6 + 134 + 81 or 221 volts. The 
total B supply is 120 + 215 or 335 
volts. 

As you can see, high power -supply 
voltages are required for multi -stage 
direct -coupled amplifiers - so high 
that practically all circuits use only 
one or two stages. Occasionally three 
stages are used, but any more than 
this would be impractical because of 
the excessively high voltages that 
would be needed. 

Signal Operation. Returning now 
to Fig. 25, the can analyze the circuit 
in regard to its operation on the sig- 
nal. Tube VT the video detector, 
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feeds into load R shunt compensat- 
ing coil L3f and series compensating 
coil L2. The signal from this stage is 
fed directly to the grid of VT2. 

In the plate circuit of VT2 are a 
coil L, and condenser Ca that together 
form a 4.5 -megacycle trap. This trap, 
which is called a "grain" trap, elimi- 
nates whatever beat there may be be- 
tween the sound and video carrier 
signals; such a beat, if not removed, 
would cause a fine-grained dot pattern 
on the picture. 

The plate of VT2 is directly coupled 
through R10 to the grid of VT3, and 
the plate of VT3 is in turn directly 
connected through its load and a fil- 
tering circuit to the grid of the picture 
tube. Effectively, R1$, C8, and C9 

form a low-pass filter that tends to 
eliminate components that are higher 
in frequency than the desired signal. 

VT2 

117 V 

-19V R10 

Although triode tubes are shown in 
this circuit, pentodes might equally 
well have been used. Also, separate 
tubes might have been used instead of 
the dual triode shown here. Such 
minor changes could be introduced 
without making any basic modifica- 
tion of the circuit. 

From what we have said, you can 
see that the direct -coupled amplifier 
works much like an a.c. amplifier. Its 
advantages are that the d.c. compo- 
nent of the signal is not removed and 
that the elimination of coupling con- 
densers helps to maintain a good low - 
frequency response. 

Its disadvantages are that a high 
operating voltage is needed and that 
the very good low -frequency response 
makes motorboating likely to occur. 
Motorboating may result from the 
fact that any slow supply -voltage 
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FIG. 26. The power -supply circuits of the amplifier shown in Fig. 25 can be drawn in 
this form to make it easier to understand the requirements the supply must meet. 
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change in the first tube will affect the 
bias on the second, causing a plate 
current change in the second tube that 
will aid the change in the first tube. 
For example, suppose the plate cur- 
rent of the first tube drops. This will 
reduce the bias on the second tube; 
its plate current will consequently in- 
crease, causing a greater drop in the 
power supply. This drop will reduce 
the plate voltage on the first tube 
decreasing its plate current further 
and thus continuing the action of de- 
creasing the bias and increasing the 
current in the second tube. An oppo- 
site series of actions will occur if the 
plate current of the first tube increases. 
Once this action starts, the circuit is 
likely to go into oscillation or to 
motorboat, because the plate current 
of the second tube can be driven be- 
tween saturation and zero alternately. 

To prevent this from happening, the 
power supply must be carefully de- 
signed to have good regulation. This 
means it must have low internal re- 
sistance and use high -capacity con- 
densers, which makes it more expen- 
sive to build. 

The a.c. amplifier does not have 
these two disadvantages, and d.c. 
restoration will give back the d.c. 
level. Before we go on to d.c. restorers, 
however, let's learn more about bril- 
liancy and contrast controls. 

BRILLIANCY CONTROL 

The picture tube must have an ini- 
tial bias that will set its operation at 
the proper point on the brilliancy -grid 
voltage curve. The operating point is 
set at the point of greatest curvature, 
as at point X in Fig. 27A. This point 
then represents the "black" level at 

which the pedestals line up; the video 
signal swings the grid toward zero to 
give increases in brilliancy, and the 
sync signals make it more negative so 
that the screen is blanked completely 
during the sweep retraces. 

Let us momentarily assume that we 
can couple the signal to the picture 

FIG. 27. Basic methods used in a.c. am- 
plifiers for setting the operating point of 
the picture tube at the desired point on 
the tube characteristic (A) are shown in 

(B) and (C). 
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tube through a coupling condenser C 
as shown in Figs. 27B and 27C. The 
initial brilliancy bias must then be ob- 
tained from the power supply. The 
variable bias control resistor R2 in 
both these figures can be used to ad- 
just the bias to cause operation at the 
proper point on the curve. The fixed 
resistor Rs is added to prevent the 
setting from ever being reduced to 
zero; this is necessary because the 
tube might be ruined by the excessive 
current flow if the bias became zero 
for very long. 

Since any change in the setting of 
the variable bias control changes the 
average brilliancy of the scene by 
moving the "black" level, it is known 
as the brilliancy control. If the bril- 
liancy control is set so that the bias 
is not sufficiently negative, the over- 
all picture will be light; the retrace 
lines can be seen if the control is far 
enough from the proper setting. If the 
control is set so that the operating 
point is too far in the negative direc- 
tion, the darker portions of the scene 
will be telescoped together, with the 
result that some portions that should 
be gray will be black. On some sets, 
the brilliancy control is a screw -driver 
adjustment; on most, however, it is 
operated by a front -panel knob so 
that the set owner may adjust the 
brightness of the picture to a level 
that suits him. 

Of course, a d.c. restorer (which we 
will study later) would be needed in 
circuits like those in Figs. 27B and C. 
However, these are the basic methods 
used in a.c. amplifiers for getting the 
initial bias for the picture tube. 

The absence of a coupling condenser 
in a d.c. amplifier means that the drop 
in the load of the last video stage will 

FIG. 28. Two methods of obtaining the 
initial bias on the picture tube when a 

d.c. amplifier is used. 

affect the bias of the picture tube. 
Thus, in the direct -coupled system, 
the inital bias (the bias when no sig- 
nal is being received) is obtained from 
the d.c. voltage drop across R as 
shown in Fig. 28A. The drop across 
this resistor is determined by the plate 
current of VT21 with usual current 
and load values, this drop is normally 
more than is wanted. 

In the circuits in Figs. 23 and 28, 
therefore, there is a control in the 
cathode circuit of the picture tube 
that makes it possible to apply a buck - 
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ing voltage that will reduce the bias. 
When the slider on R9 is all the way 
to the left in Fig. 28A, the bias is 
that across R7 alone. However, when 
the slider is moved toward the right, 
a voltage of opposite polarity is added 
between the cathode and grid of the 
picture tube, thus reducing the bias. 
Resistor R9 thus acts as the brilliancy 
control. 

The arrangement shown in Fig. 28A 
has one serious defect. If tube VT2 
ever became defective so that its plate 
current was cut off, there would be no 

TO VIDEO 
DETECTOR 

C2 
TO VIDEO 
AMPLIFIER 

CONTRAST 
CONTROL 

FIG. 29. Two kinds of contrast controls. 

voltage across R71 in which case there 
would be a positive voltage applied to 
the grid of the picture tube from the 
drop across R9. Since a positive volt- 
age on the picture tube grid could 
ruin the picture tube, the circuit is 
sometimes modified as shown in Fig. 
28B to prevent such an occurrence. In 
this latter circuit, a bleeder resistor R4 
draws an additional current through 
resistors R3 and R5. The drop across 
R8 is dependent on both the plate 
current of VT2 and the size of the 
bleeder resistor R4. When the set is 
operating normally, this drop in- 

creases the bias on the picture tube, 
an effect that is compensated for by 
adjusting R9 so that it provides a 
greater bucking voltage. If the tube 
VT2 becomes defective, there will still 
be a drop across RS because of the 
bleeder current. The values of the 
various resistors can be so chosen that 
this drop will keep the grid of the 
picture tube at a safe voltage. 

A basically similar arrangement was 
shown earlier in Fig. 25. Here, the 
voltage fixing the initial operating 
point of the picture tube is determined 
by the d.c. drop in R,4 and R13 caused 
by the plate current of VT3 and also 
by the voltage division along the path 
R13, R15, R13, le 141 L7 from the -120 - 
volt to the +215 -volt terminal of the 
power supply. If tube VT3 should fail 
for any reason, the drop across R13 
and R14 caused by the flow of its plate 
current through them would disap- 
pear, but the voltage resulting from 
current flow through the other path 
would keep the tube safely biased. 

In normal operation of the circuit 
in Fig. 25, the picture tube grid is 
slightly positive with respect to 
ground, but its cathode is consider- 
ably more positive. As a matter of 
fact, under normal operating condi- 
tions, the grid -to -ground potential is 
about + 14 volts and the cathode -to - 
ground potential is about +42 volts. 
The difference represents a bias of 
approximately -30 volts on the grid. 
The brilliancy control R17 permits ad- 
justment of the cathode potential, so 
this bias level can be varied. 

Service Hint. When d.c. coupling 
is used, any defect that reduces the 
plate current of the output video am- 
plifier, or that increases the plate cur- 
rent of the first video stage, will cause 
a bright screen. Conversely, either an 
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increased plate current in the output 
video stage or a decreased plate cur- 
rent in the first video stage will reduce 
the screen brilliancy. 

Notice that this applies ONLY to 
d.c.-coupled video stages. If a.c. cou- 
pling is used, the coupling condensers 
block the d.c. path, so each stage is 
independent as long as there is no leak- 
age in the coupling condensers. Hence, 
in a set using a.c. video coupling, 
changes in video amplifier plate cur- 
rent cannot normally affect the initial 
brilliancy setting of the picture tube. 

CONTRAST CONTROL 

The contrast control is basically the 
"volume" control for the picture sig- 
nal. When the set does not have a.g.c., 
the contrast control is always arranged 
so that the gain of the i.f. and r.f. 
stages can be varied with it. When 
a.g.c. is used to control these stages 
and prevent overloading, the contrast 
control is in either the a.g.c. circuit or 
the video amplifier. 

In any case, the contrast control is 
used to increase gain on weak signals 
and to reduce gain on signals strong 
enough to overload the set. When used 
in the video amplifier, it may be 
either a control used to vary the sig- 
nal itself (see Fig. 29A) or one used 
to adjust the gain by varying the 
operating bias (Fig. 29B). The latter 
control is favored because it intro- 
duces fewer difficulties with the shunt- 
ing capacities across the control and 
its terminals. 

The contrast control gets its name 
from its effect on the signal. When 
the gain of the receiver is increased, 
the signal is "stretched" so that the 
contrast range from white to dark is 
increased. The contrast control is 
therefore used to adjust the peak volt- 
age value S of the signal, as shown in 

Figs. 30B and 30C. Thus, with the 
signal shown in Fig. 30B, we have a 
certain range from light to dark. If 
the gain of the set is increased, the 
value S is increased (Fig. 30C). As 
you can see, we have the same basic 
signal form, but its amplitude has 
increased. If the black level remains 
the same, the peak value will show up 
as a whiter signal. 

E9 -a 
CHARACTERISTIC 

CURVE 

BRILLIANCY 
CUT-OFF 

- E9 o 

PEDESTAL 
LEVEL 

FIG. 30. What the contrast control does 
to the video signal (B) is shown in (C). 

Notice, however, that the stretching 
of the signal has also increased the 
amplitude of the sync pulse, with the 
result that the pedestal level has 
moved. In other words, the pedestal 
level in Fig. 30C no longer lines up 
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with the operating point and with 
the pedestal level in Fig. 30B. There- 
fore, if it is necessary to increase the 
contrast control setting, it will also be 
necessary to vary the brilliancy con- 
trol to bring the pedestal levels back 
into line with the brilliancy cut-off X 
on the curve. If this is not done, dim 
retrace lines may be visible in the 
picture. 

In general, this "interlock" between 
the brilliancy and contrast controls 
occurs regardless of where the con- 
trast control may be. 

However, when the contrast control 
is in a direct -coupled video amplifier 
like that in Fig. 23, adjustment of the 
control automatically tends to reset 

the brilliancy properly. In this cir- 
cuit, adjustment of resistor R, varies; 
the contrast by changing the bias on. 

tube VT, and hence changing the gain. 
of this stage. At the same time, this 
adjustment changes the plate current 
through R, and thus changes the bias 
applied to the picture tube, thereby 
resetting the brilliancy level. The 
circuit arrangement is such that in- 
creasing the contrast also tends to 
move the brilliancy cut-off point in a 
more negative direction, which auto- 
matically tends to line up the pedes- 
tals. This is a desirable feature if the 
parts values used in the circuit can be 
selected so that the compensation is 
exact. 

D.C. Restorers 
To review briefly, Fig. 31 shows the 

difference between the a.e. and d.c. 
types of video signals. You will recall 
that in the a.c. versions shown in D, 
E, and F of this figure, the areas on 
either side of the reference line are 
equal (because the average of an a.c. 
signal is always zero) . As a result, 

REFERENCE 

the pedestals and sync pulses of the 
a.c. signals do not line up if they are 
associated with lines of different 
brightness: those representing the 
brightest lines go farthest below the 
zero reference line. The displacement 
of the peak of each sync pulse from 
the zero line is proportional to the 
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FIG. 31. This is the same illustration that was shown earlier in Fig. 3; it is repeated 
here for your convenience. 
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brightness of the scanning line with 
which that pulse is associated. 

This last fact makes d.c. restoration 
possible. Fundamentally, we can se- 
cure d.c. restoration by applying the 
a.c. signal to a rectifier circuit that 
can develop a d.c. voltage that is 
proportional to the peak values 
reached by the sync pulses. This d.c. 
voltage can then be added directly to 
the a.c. signal to produce the original 
pulsating d.c. signal form, examples of 
which are shown in A, B, and C of 
Fig. 31. 

BASIC D.C. RESTORER 
An elementary d.c. restoration cir- 

cuit is shown in Fig. 32. The a.c. 

A positive with respect to terminal B 
is merely applied across R, to the pic- 
ture tube. On the negative alterna- 
tions, however, when the sync pulses 
make terminal A negative with respect 
to terminal B, diode D conducts 
heavily and puts a charge on con- 
denser C, that is proportional to the 
peak value of the negative swing of 
the a.c. signal. 

On the following positive swing con- 
denser C, discharges as well as it can 
through R1; however, the time con- 
stant of C, and R, is chosen so that 
it would take several lines and hence 
several sync pulses of time before C, 
could discharge completely. Usually, 

e 
FIG. 32. Simple d.c. restoring circuit in 
which D is a diode tube. In some tele- 
vision receivers, a germanium crystal 
rectifier of small area may be used in 

place of the tube. 

signal voltage is applied to the input 
terminals of this circuit from the last 
video amplifier. This a.c. signal 
passes through coupling condenser C, 
and develops across resistor R, a du- 
plicate of itself for application to the 
grid of the picture tube. 

The diode rectifier tube D is con- 
nected so that it will conduct only 
when terminal A is negative with 
respect to terminal B. Therefore, when 
the a.c. signal is applied, that portion 
of the a.c. signal that makes terminal 
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the time constant of C, and R1 is 

made approximately equal to the time 
required to scan about ten to twenty 
lines, because this has been found suf- 
ficient for the normal changes in bril- 
liancy that occur in the average scene. 
The time constant cannot be much 
longer than this, because then it would 
tend to hold over from one brightness 
level to the next. If it were made too 
short, changes in brightness level 
along a scanning line would begin to 
affect the background brightness. 



When the time constant is correct, 
conduction of the diode puts a charge 
on Cl that is proportional to the aver- 
age scene brightness. A d.c. voltage 
resulting from this charge is across R1 
when the diode is cut off; it therefore 
varies the operating point of the pic- 
ture tube, thus moving the a.c. signal 
so that the pedestals line up with the 
cut-off point of the tube. The brighter 
the line, the greater the d.c. voltage 
developed across C1, and hence the 
greater the sum of the d.c. and a.c. 
voltages. That is, the d.c. voltage 
added to the a.c. signal of a bright 
scene is much higher than is the d.c. 
added to the signal of a gray or a 

Bt 

diode capacity would then be shunting 
the amplifier plate load. This would 
seriously reduce the high -frequency 
response of the system. 

A basic circuit that is typical of 
those actually found in TV receivers 
is shown in Fig. 33. Here, VT1 is the 
tube in the output video stage. The 
plate load for this tube consists of the 
series -peaking coil L1, the shunt - 
peaking coil L2, and the load resistor 
R4. Low -frequency compensation is 
not added in this stage; it probably is 
used in preceding stages, however. 

The a.c. signal that is developed 
across the load resistor and shunt - 

' -100V 

FIG. 33. Schematic of a typical practical d.c. restorer. 

black scene. This means that brighter 
scenes will drive the grid of the pic- 
ture tube harder in the positive direc- 
tion, as they should. 

PRACTICAL DIODE RESTORER 
In an actual receiver, the diode d.c. 

restorer would not be connected across 
the entire grid resistor of the picture 
tube as shown in Fig. 32, because the 

peaking coil is applied to the grid of 
the picture tube through coupling 
condenser C2. The a.c. grid circuit for 
the picture tube consists of the re- 
sistances R87 R7, and R8 and the by- 
pass condenser C,. 

The internal capacity of the diode 
restorer VT2 acts as a by-pass across 
R7, but the high -frequency compo- 
nents of the signal coming through C2 
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are developed across Rs and Rs, which 
are sufficiently high in resistance to 
act as a normal grid resistance. 

However, VT2 must charge a con- 
denser if it is to operate properly as a 
restorer, and it is isolated from C2 by 
Re. Therefore, the signal is fed to it 
through condenser Cs. The Cs -to- 
diode path is isolated from the plate 
load resistor R. by the resistance Rs. 
However, since most of the high fre- 
quencies appear across L there is 
little other than the middle and low 
frequencies across R47 therefore, the 
by-passing action of the diode on R4 
is small, and R5 need not be high in 
resistance. 

The d.c. restoration action is much 
like that in the circuit in Fig. 32. The 
negative swings of the pedestal and 
sync pulses are applied to the diode 
through Cs (and also through the path 
C2 -R87 but this path is not considered 
to be very effective). When the diode 

conducts, it charges Cs (through a 
path consisting of R8, R9, R19i the B 
supply, R and Rs). When the diode 
ceases to conduct, R, is added to the 
other resistors in the d.c. path between 
the terminals of Cs. Since the resist- 
ance of R, is high in comparison tó 
that of the other resistors in the path, 
most of the voltage across Cs is devel- 
oped across R,. The time constant of 
Cs -R, is such that Cs is held at a 
charge that corresponds to the aver- 
age brightness of ten to twenty lines. 
Hence, the d.c. voltage across R, cor- 
responds to the average brightness of 
the scene, and, since it is applied to 
the grid of the picture tube, it acts to 
line up the pedestals. 

R9 and C. isolate the grid circuit of 
the picture tube from the brightness 
control, which is a part of the power 
pack. The a.c. signal path is through 
C. to the cathode, and R9 acts as a 
blocking resistance. 

FIG. 34. How d.c. restoration can be produced in the last video stage. 
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RESTORATION IN 
LAST VIDEO STAGE 

It is possible to make the last video 
stage do its own restoring as long as 
it is directly coupled to the picture 
tube. Fig. 34 shows a typical example 
of a circuit of this kind. Here, the 
Mignal is fed to the grid of VT, through 
the coupling condenser C,. This is an 
a.c. coupling, since any d.c. that may 
be in the signal from the preceding 
stage will be wiped out by C1. 

The plate load for VT, is the series - 
peaking coil L21 the shunt -peaking 
coil L37 and the load resistor Rs. Re- 
sistor R$ and condenser C3 provide 

positive direction for increases in bril- 
liancy. Therefore, the signal applied 
to the grid of VT, must have a nega- 
tive picture phase, because VT, in- 
verts the entire signal 180°. (This is 
not the same kind of phase shift that 
we studied earlier, because here the 
action occurs on the entire signal. All 
frequencies are held in their same 
relative positions with respect to each 
other-the entire signal is "flipped 
over" as a unit.) 

Since the signal applied to the grid 
VT, has a negative picture phase, the 
sync signals drive the grid in the posi- 
tive direction, and the picture corn - 

FIG. 35. How d.c. restoration can be pro- 
duced in the picture -tube circuit. 

low -frequency compensation. The sig- 
nal developed across L3, Rs, and C3 is 
applied directly to the grid of the pic- 
ture tube. 

Restoration. The restoration in 
this stage occurs in the grid circuit of 
VT,. This tube has no initial oper- 
ating bias; it gets the bias for opera- 
tion by grid rectification. The action, 
which is much like that of a grid -leak 
detector, occurs as follows: 

To begin with, you know that the 
signal applied to the grid of the pic- 
ture tube must have a positive picture 
phase-that is, it must swing in the 

ponents drive it in the negative direc- 
tion. 

Since VT, has no initial grid bias, 
the sync signals drive the grid posi- 
tive, and the grid draws current 
through R2. This current flow sets up 
a bias voltage across R2 that is pro- 
portional to the amount the grid is 
swung positive by the sync signal 
peaks. This puts a charge on con- 
denser C, that creates a d.c. voltage 
across it having the polarity indicated 
in Fig. 34. This d.c. voltage acts as a 
varying bias on VT, during the nega- 
tive part of the signal, moving the 
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operating point of the tube in accord- 
ance with the brightness level of the 
picture to make the pedestals line up. 

Basically, the only difference be- 
tween the grid circuit of the VT, stage 
in Fig. 34 and any similar grid circuit 
in an a.c. amplifier is the fact that 
there is no (or little) initial bias in 
this circuit, which means that the grid 
of VT, can go positive on the signal 
swings. The time constant of C, and 
R2 must equal the time of several 
lines, but this is needed anyway to 
give reasonable low -frequency re- 
sponse. 

Since the pedestals are aligned in 
the grid circuit, they remain aligned 
in the plate circuit. The plate of VT, 
is directly coupled to the picture tube 
grid, so the restored signal is applied 
to the picture tube much as it is in a 
d.c. amplifier. In fact, the output cou- 
pling is practically identical with that 
of the d.c. circuits we have studied. 

D.C. RESTORATION IN 
PICTURE -TUBE CIRCUIT 

It is also possible to obtain a d.c. 
restoration action in the picture tube 
circuit itself when the signal is fed to 
the cathode. (We cannot obtain res- 
toration by grid rectification in the 
grid circuit of the picture tube, be- 
cause we cannot allow the grid to go 
positive.) The circuit in Fig. 35 is 
used for this purpose. 

In this circuit, the initial operating 
point is set by the bias developed 
across R2. This bias is determined by 
the beam current of the picture tube, 
which flows to the cathode through R2. 
Resistor R, is a vernier brightness 
control that is used to provide an 
additional bias to set the final oper- 
ating point. 

It is possible to feed the video sig- 

nal to the cathode of the picture tube 
this way as long as it has a negative 
picture phase. Then the cathode will 
be swung more negative by brighter 
elements of the picture; since this is 
the same as making the grid more 
positive, we will have normal a.c. sig- 
nal action. 

In addition, d.c. restoration occurs 
because of a shift in the bias devel- 
oped across R2. When the pedestal 
and sync pulses drive the cathode 
positive (which is the same as making 
the grid more negative), the beam cur- 
rent through the picture tube is cut 
down. This reduces the bias that is 
produced across R2. An increase in 
brightness therefore causes a reduction 
in the beam current and in the bias 
applied to the grid of the tube. This 
allows the grid to go less negative (by 
making the cathode less positive with 
respect to the grid) and thus produces 
a brighter picture. 

The coupling condenser C, prevents 
the bias from following changes in the 
signal too rapidly. The time constant 
of C, and R2 is such that the bias is 
determined by the average brilliancy 
of several scanning lines, as it is in 
other d.c. restoration circuits. 

One manufacturer calls this partic- 
ular arrangement "automatic bright- 
ness control," and another refers to it 
as "stabilized brightness control." Al- 
though it is true that this and all other 
d.c. restoration methods are effectively 
variable brightness controls, we usu- 
ally consider the brightness level to 
be set by the initial adjustment of the 
operating point of the picture tube. 

CONCLUSION 

In the last several Lessons, you have 
followed the video signal through the 
r.f.-i.f. section, the video detector, and 
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the video amplifier. This completes 
the journey of the video signal-it is 
now applied to the grid of the picture 
tube and serves to vary the brightness 
of the spot produced on the face of the 
tube. However, having a varying spot 
is not enough; we must move this spot 
to the proper position to reproduce 
each element in the scene. Therefore, 
in addition to varying the content of 
the electron beam, we must sweep it 
horizontally and vertically across the 
face of the tube. Furthermore, it must 
be kept in step with the transmitter 
so that each line will start at the 
proper time. 

In the next Lessons, we shall study 
the circuits that produce sweep volt- 
ages and those that synchronize the 
sweeps with the transmitted signal. 
These are sections of a TV set that 
have no counterparts in a sound 
receiver. 

As you will learn, the sweep cir- 
cuits basically consist of an oscillator, 
followed by a special wave -shaping 
circuit or network that is employed to 
give a voltage of a particular shape. 
In turn, this voltage is fed through 

an output or amplifying stage to the 
deflection plates or deflection coils of 
the picture tube. One sweep chain 
operates to sweep the electron beam 
in the picture tube from left to right 
in a horizontal direction to form the 
lines, while another entirely separate 
sweep chain produces the deflection 
signal for moving the beam from top 
to bottom of the picture -tube face. 

In the sync -control circuits, the 
control signal is stripped from the 
video signal, and then the vertical and 
horizontal control pulses are separated 
from each other. These signals are 
then used to control the frequencies of 
the oscillators in the sweep circuits so 
that each line and each frame starts 
exactly in step with the scanning at 
the transmitter. 

After you have studied sweep cir- 
cuits and synchronizing control cir- 
cuits, you will study receiver power 
supplies, the sound channels, and spe- 
cial systems used in receivers. This 
will complete your basic theory of 
television, after which you will go into 
the study of television antennas, and 
the installation, adjustment, and serv- 
icing of television receivers. 
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Lesson Questions 
Be sure to number your Answer Sheet 54RH-3. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. Is the final video amplifier a power or voltage amplifier? 

2. If the signal available at the output of the video amplifier has a negative 
picture phase, how must it be fed to the picture tube? 

3. Why is good low -frequency response necessary in a video amplifier? 

4. What causes the high -frequency response of a video amplifier to fall off? 

5. Is the detail in the picture determined by the high -frequency response or 
by the low -frequency response? 

6. What is done in the video section to eliminate the beat between the sound 
and video carrier signals? 

7. Why does an increase in contrast control setting make it necessary to 
vary the brilliancy control? 

S. Why is it not practical to connect a diode as a d.c. restorer directly across 
the entire picture tube grid resistor? 

9. Which of the following statements is correct: the time constant in the d.c. 
restoration circuit is such that the condenser is held at a charge that corre- 
sponds to the average brightness of: one line; several lines; several frames? 

10. If a two -stage video amplifier is a.c.-coupled throughout, and the first tube 
burns out, will the picture tube bias be affected? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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TAKE TIME 
Here is a quotation from the Santa Fe Magazine 

which appealed to me as containing much good, com- 
mon sense. I hope you too will enjoy it-perhaps 
profit by it: 

"Take time to live. That is what time is for. 
Killing time is suicide. 

"Take time to work. It is the price of success. 
"Take time to think. It is the source of power. 
"Take time to play. It is the fountain of wisdom. 
"Take time to be friendly. It is the road to hap- 

piness. 
"Take time to dream. It is hitching your wagon 

to a star. 
"Take time to look around. It is too short a day 

to be selfish. 
"Take time to laugh. It is the music of the soul. 
"Take time to play with children. It is the joy 

of joys. 
"Take time to be courteous. It is the mark of a 

gentleman." 
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BEFORE it is possible to choose an 

amplifier for a particular loca- 
tion, it is necessary to have at least a 
general knowledge of some of the 
acoustic problems involved in public 
address work. Acoustics-the study 
of sound and its effects upon hearing 
-is considered to be a science, but is 
more of an art as it is practiced in 
p.a. work. That is, although it is 
possible to make carefully controlled 
scientific measurements of the condi- 
tions in a particular installation, such 
a scientific survey would be costly 
and would be of little use unless it 
were made under the exact conditions 
that exist when the equipment is in 
use. Therefore, in practice, acoustic 
problems in p.a. work are solved by 
using good judgment and past experi- 
ence to a large extent. As we shall 
show later, certain tabulated informa- 
tion on acoustics is available that is 
helpful in planning an installation, 
but each j ob usually brings up its own 
special problems. Let's see what some 
of them are. 

Sound reflection and absorption 
cause trouble in indoor installations. 
Sound waves bouncing from wall to 
wall cause different effects, depending 

on the lengths of the paths traveled. 
Sounds coming from two directions to 
a particular spot may arrive 180° out 
of phase, with the result that the 
sound energy cancels, producing what 
is known as a dead spot. They may 
also arrive 360° out of phase, pro- 
ducing sound reinforcement. (There 
are several noted "whispering gal- 
leries" in which a whisper uttered in 
one spot can be heard at another spot 
perhaps 50 feet away, but nowhere 
else. This effect is the result of sound 
reinforcement.) Most commonly, the 
sounds are only partly out of phase; 
the result of this is usually that the 
sound is muddled and made hard to 
understand. 

If the reflection path is long enough, 
there will be a complete echo-that is, 
the sound will arrive so much later 
over the longer path that it can be 
heard twice. This, too, is trouble- 
some. 

Another effect associated with re- 
flections is reverberation. This occurs 
when there are many sound -reflecting 
surfaces in a room, as a result of 
which a sound is reflected many times 
and therefore takes a relatively long 
time to die out. The reverberation pe - 
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riod of a room is measured by how 
long it takes a sound to drop 60 db 
from its original loudness. If this time 
is excessive, any continuous series of 
sounds produced in the room will seem 
extremely jumbled to a listener. 

Another factor that varies from 
installation to installation is the sur- 
rounding noise level. This level plays 
an important part in determining the 
amount of power needed, because the 
p.a. system must have enough output 
to keep the average sound level well 
above the noise. 

Absorption also creates problems. 
The system that sounds all right in 
an empty auditorium may not give 
enough power when the audience is 
present, because sound is absorbed by 
the clothing worn by the audience. 

Outdoors, sound energy is rapidly 
dispersed even on a still day, because 
there are no containing walls to keep 
it in. If there is much wind, the sound 
dispersal is even more rapid. Noise 
is a problem outdoors also, of course. 

All such factors must be considered 
before an installation is completed. 
As far as possible, they should be 
considered before the installation is 
even started; however, it is usually 
impossible to do much about reflec- 
tions until the equipment is at least 
temporarily installed. (Reverberation, 
a special case of reflections, can be 
cured before installation of the equip- 
ment.) You can see, then, that far 
more is involved in making a p.a. 
installation than just setting up an 
amplifier, a few loudspeakers, and a 
microphone or two. The job must be 
carefully planned so that the installa- 
tion will be adequate for its intended 
use but not so unnecessarily powerful 
that it is more expensive than it 
should be. Remember that the cost 
of an amplifier goes up directly with 
the power rating, because naturally 
more expensive power and output 

transformers must be used, as well as 
parts that have high wattage ratings. 

PLANNING A P.A. SYSTEM 

The purpose for which a p.a. sys- 
tem is to be used must be considered 
first of all when you are planning its 
installation. If the system is to be 
used only for paging or announcing, 
it should be designed to handle only 
the limited frequency range of the 
human voice: in this case, the system 
can be fairly inexpensive. If the sys- 
tem is to handle music, however, at 
least a fair degree of fidelity over a 
much wider frequency range will be 
necessary. This means that the micro- 
phones, amplifiers, and loudspeakers 
will have to be capable of delivering 
the required frequency range, and in 
general, that more power output will 
be required, as we shall show later. 

Next, it is necessary to consider 
the location. It is possible to deter- 
mine arbitrarily the amount of sound 
power that will be necessary to fill 
a certain cubic volume, so if we know 
the length, breadth, and height of a 
room, we can determine roughly what 
sound or acoustic power will be need- 
ed to fill it adequately with sound. 
To this basic amount, we must add 
enough power to overcome the aver- 
age noise level plus enough more power 
to overcome the effects of absorption 
and dispersal. Then, once we have 
determined the acoustic power that 
will be needed, we can work back- 
wards to find how much electrical 
power will be necessary. Certain spe- 
cific kinds of loudspeakers and baffles 
may have to be used to meet the fidel- 
ity requirements, as we shall show 
later in this Lesson. Knowing the effi- 
ciency of these loudspeakers, we can 
determine how much electrical power 
output our amplifier has to have to 
produce the acoustical power needed. 
This sets the amplifier size. 
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Now that we have certain kinds of 
loudspeakers and an amplifier chosen, 
we must turn to the input. The num- 
ber of microphones required depends 
on the conditions that are to be met. 
If the system is to be used for a large 
orchestra or to amplify the voices of 
actors who may be at different points 
on a large stage, a number of micro- 
phones may be needed. Very often, on 
the other hand, only a single one will 
be necessary. The types of micro- 
phones to use will depend on the fidel- 

ity wanted, on how rugged they must 
be, and on how necessary it is that 
they pick up only the desired sounds 
and ignore others. 

Before we get into the acoustical 
problems of p.a. installations and 
learn exactly what must be done to 
solve them, we need to know more 
about the characteristics of loud- 
speakers and microphones. Let's take 
time out to study these two devices 
now. 

Microphones and Their Characteristics 
A public address amplifier may 

operate from a phonograph pickup, 
from a radio tuner that feeds a radio 
program to it, or from a microphone. 
The phonograph pickup and the radio 
tuner are covered elsewhere, so we 
shall consider only the microphone 
here. Incidentally, the microphone is 
the only one of these that brings up 
the problem of acoustic feedback, 
which we are going to study. 

Any microphone is simply a device 
that will transform sound energy into 
electrical energy. Basically, all micro- 
phones contain some form of dia- 
phragm-a movable cone, a plate, a 
ribbon, or the face of a crystal. When 
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FIG. 1. The construction of a double -button 
carbon microphone. 

sound waves strike this diaphragm, 
the variations in air pressure cause it 
to move; its motion is used to set up 
an electrical current that varies cor- 
respondingly. 

Let's examine the various types of 
microphones to learn something of 
their physical construction. 

CARBON MICROPHONES 

Essentially, the carbon microphone 
consists of a diaphragm that is in 
contact with either one or two "but- 
tons" consisting of small packages of 
loose carbon granules or grains. Fig. 
1 shows a cut -away view of a double - 
button type-one that has a button 
on each side of the diaphragm. A sin- 
gle -button type, of course, has only 
one button. 

The diaphragm is a very thin metal 
plate, the edges of which are clamped 
in a ring assembly. The plate is so 
flexible that it vibrates when sound 
waves strike it. When it moves in on 
the package of carbon grains, they are 
pressed tightly together; when the 
diaphragm moves away from a but- 
ton, the carbon particles separate or 
loosen up. When the" carbon grains 
are pressed together, they make better 
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electrical contact and the resistance 
through the button decreases. Con- 
versely, the resistance through the 
button increases when they are al- 
lowed to be looser. In other words, 
the resistance of the buttons varies as 
sound waves strike the diaphragm; 
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I 

FIG. 2. How carbon microphones are con- 
nected to produce an output signal. The single - 
button type is shown in A, the double -button 

in B. 

This varying resistance can be made 
to vary the current in a circuit by 
connecting the buttons in series with 
a battery. 

The electrical connections for both 
single and double -button types are 
shown in Figs. 2A and 2B, respective- 
ly. In each circuit, the resistance R, 
is used to adjust the current to the 
desired initial value. Then the micro- 
phone causes the current to increase 
and decrease above and below this 
starting value in step with the sound 
waves. This varying current flowing 
through the primary of transformer 
T1 induces a voltage in the trans- 
former secondary; this voltage be- 
comes the signal output of the micro- 
phone and can be fed to the grid of 

the first amplifier stage, either direct- 
ly or through a transmission line. The 

transformer is necessary to match the 
low impedance of the microphone (200 
to 500 ohms) properly to the trans- 
mission line or the grid of the first 
amplifier tube. 

The double -button type is capable 
of giving better frequency response 
than the single -button. Both carbon 
microphones are relatively noisy com- 
pared to other types, however. Tiny 
sparks are formed as the carbon 
grains press together or loosen up, 
with the result that there is always 
an appreciable noise output. Although 
the carbon microphone gives a greater 
output than any other type, this noise 
trouble, and the need to use a rather 
large battery with it, have led to its 
almost complete disappearance from 
public address work. Today the only 
carbon microphones you're likely to 
find are certain hand-held micro- 
phones of the telephone type. 

CONDENSER MICROPHONES 

The condenser microphone, shown 
schematically in Fig. 3, is essentially 
a condenser whose two plates consist 
of a flexible diaphragm and a fixed 
plate. In Fig. 3, the diaphragm D is 

held in the clamp rings R, much as is 

FIG. 3. How a condenser 
microphone is connected to 
produce an output signal. 

the diaphragm of a carbon micro- 
phone. The plate P is very close to 
the diaphragm. The battery B fur- 
nishes a high voltage that charges the 
condenser formed by D and P. As 

the diaphragm is vibrated by sound 
waves, it alternately approaches and 
moves away from the plate P. This 
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increases and decreases the capacity. 
For a fixed voltage, the amount of 
charge that can be held by a con- 
denser depends on its capacity, so 
this variation in capacity obviously 
changes the amount of charge stored 
in the microphone. Hence, a varying 

Courtesy The Turner Co. 
FIG. 4. Cut -away view of a crystal microphone. 

current flows through R1 as the charge 
increases and decreases. The varying 
voltage drop across R1 is the signal, 
output of the microphone; this is fed 
out through the coupling condenser 
Cl. 

Since the capacity of the condenser 
microphone is very small, the current 
change caused by movements of the 
diaphragm is measured in micro- 
amperes. As a result, R1 must be very 
high in resistance for there to be an 
appreciable signal voltage. This 
means that the microphone must feed 
into a very high impedance for there 
to be an efficient signal transfer; as 
you know, any such high -impedance 
connection would be subject to hum 
and noise pickup if there were any 
considerable length of line between 
the microphone and the amplifier. Be- 
cause of this fact, and because of the 
low output of the microphone, it is 
necessary to have a preamplifier right 

at the microphone; customarily, as a 
matter of fact, it is built into the 
microphone housing. Therefore, the 
housing must be rather large. Fur- 
thermore, the charging voltage for the 
microphone must be fairly high and 
must be pure d.c. if hum is to be 
avoided. Therefore, either batteries or 
an exceedingly well -filtered power 
supply is required. 

Since a preamplifier is always a 
part of the microphone unit, it is 
customary to rate the output of a con- 
denser microphone in terms of the 
preamplifier output. The condenser 
microphone therefore delivers a com- 
paratively large output. However, its - 
bulky nature and critical power -sup- 
ply requirements make this a rela- 
tively unpopular type for p.a. use. 

CRYSTAL MICROPHONES 
Fig. 4 shows a cut -away view of a 

typical crystal microphone, and Fig. 5 
shows its operational details. Once 
again we have a diaphragm that is 
clamped in a retaining ring. This 
diaphragm is coupled mechanically 
through a drive pin to a pair of 
Rochelle salt crystals. These crystals 
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FIG. 5. How a crystal 
microphone is connected to 
produce an output signal. 

are very similar to the ones used in 
phonograph pickups. Two crystals are 
used, connected back to back. One 
terminal of the microphone unit is a 
tinfoil plate in contact with the two 
crystals where they join. On the out- 
side of each crystal there is another 
plate; these plates are connected to 
form the other terminal. 
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Rochelle salt crystals exhibit what 
is known as the "piezo-electric" ef- 
fect, meaning that a voltage will ap- 
pear on the opposite faces of the crys- 
tal if the crystal is mechanically 
stressed in any way (or, conversely, 
that the crystal will be temporarily 
deformed if a voltage is applied to its 
opposite faces). In this unit, one edge 
of the crystal assembly is clamped 
tightly in the case and the other edge 
or corner of the assembly is secured 
to the diaphragm. As the diaphragm 
moves back and forth, the crystals are 
bent or twisted, which causes them to 
generate a voltage. 

. Fig. 6 shows another form in which 
a crystal microphone may be manu- 
factured. In this unit, known as a 
"sound cell," groups of crystals are 
cemented into frames. The diaphragm 
and driving pin are dispensed with 
and the crystal units are acted upon 
directly by the sound waves. 

Because the surface that is worked 
on by the sound waves is less in this 
microphone, the output is smaller 
than it is in one using a diaphragm. 

This shows what a typical crystal microphone 
looks like. 

However, the sound cell microphone 
is less affected by shock and vibration 
than is the diaphragm type, so it is 
popular in uses where it may be sub- 
jected to rough handling. 

The crystal microphone is relatively 
rugged, and is less expensive than 
some of the other types. These fac- 
tors make it one of the most popular 
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FIG. 6. Cut -away view of a sound -cell micro- 
phone. 

of the microphones used in p.a. work. 
It does have certain disadvantages, 

however, chief of which is that the 
crystals can be destroyed by very 
rough handling or by high tempera- 
tures. A crystal microphone cannot 
be used, therefore, in any location 
where conditions of high heat may 
exist. It is not a good microphone for 
use in a sound truck or for outdoor 
locations where the sun may get to 
work on it. 

In the cut -away view in Fig. 4, 
there is a space in the microphone 
case marked "resonance chamber." 
We'll explain the purpose of this 
shortly. 

DYNAMIC MICROPHONES 
The dynamic microphone is almost 

the same as a p.m. dynamic loud- 
speaker, except that the cone is re- 
placed by a diaphragm. Figs. 7 and 8 

show the details of a typical one. A 
voice coil is placed in an air gap so 
that it is in a very strong magnetic 
field. When the diaphragm is actu- 
ated by sound waves, the voice coil 
(which is secured to the diaphragm) 
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is forced to move in and out through 
the magnetic field; as a result, a volt- 
age is induced in the coil. This is 
passed on through a transformer 
mounted in the case to the output 
terminals. 

As a matter of fact, a small p.m. 
dynamic speaker makes a relatively 
acceptable microphone-this idea is 
commonly used in intercommunica- 
tion systems where the dynamic loud- 
speaker acts as a microphone when 
the appropriate switch is set in the 
"talk" position, but then is switched 
to be an actual loudspeaker at the 
output of the amplifier when the 
switch is allowed to return to its nor- 
mal "listen" position. You'll learn 
more about this elsewhere. 

The dynamic microphone is one of 
the most popular types used in p.a. 
work. It costs somewhat more than 
the average crystal microphone but is 
very rugged. It can be used where 
temperature and humidity conditions 
make the crystal type unsuitable. 

Although the dynamic microphone 
is not commonly a high-fidelity mi- 
crophone, it can be made to have a 
good frequency response, as we shall 
see. 

AIR -RESISTANCE LOADING 
In all of the microphones discussed 

so far except. the sound cell, a dia- 

Cour(eny The Turner Co. 

FIG. 7. Cut -away view of a dynamic microphone 

phragm is used to convert motions of 
air particles into mechanical motion 
that may be used to generate the de- 
sired electric current. All such dia- 
phragms contain sufficient material to 
have a certain amount of mass, and 
they are mounted so that the natural 
springiness of the material will tend 
to restore it to its original shape when 

FIG. 8. How a dynamic 
microphone is connected to 
produce an output signal. 

sound pressure is removed. Since it 
has mass and springiness, which are 
the mechanical equivalents of induct- 
ance and capacity respectively, the 
diaphragm has a resonant frequency 
at which it will vibrate most readily. 
This resonant point is quite likely to 
occur in the audio spectrum, with the 
result that the microphone will exhit 
a very undesirable peak in its re- 
sponse. 

To a great extent, this peak can be 
ironed out by enclosing the back of 
the microphone so as to form an air 
chamber. A cut -away view of this 
arrangement in one form of dynamic 
microphone is shown in Fig. 9. A 
small tube, or vent, connects the air 
chamber to the outside air. You can 
understand the function of this vent 
readily if you have ever used a pump 
of the sort used to inflate footballs. 
Such a pump has a small, removable, 
hollow needle at one end through 
which the air being pumped out must 
pass. It is appreciably harder to 
pump air through this needle than it 
is to operate the pump with the needle 
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reinoved. 'rhe reason is that the small 
opening offers considerable resistance 
to the movement of air through it. 

By the same token, the small vent 
in the air chamber of the microphone 
in Fig. 9 does not pass air readily. 
Thus, when the diaphragm in this 
microphone moves inward, part of the 
energy of its motion is absorbed in 

forcing air out through the vent. If 
we again consider the diaphragm to be 

a resonant device, we can say that 
the air chamber and vent add resist- 
ance to the circuit. You know that 
adding resistance to an electrical reso- 
nant circuit reduces its output at the 
resonant frequency; similarly, the ad- 
dition of this acoustical resistance to 
our mechanical -acoustical circuit re- 

duces the tendency of the diaphragm 
to vibrate at its resonant frequency. 
As a matter of fact, it is possible to 
eliminate resonant effects almost com- 
pletely by designing the air chamber 
and vent properly. 

The cut -away views in Figs. 4 and 
7 show the air chambers. Although 
Fig. 9 shows a dynamic microphone, 
the same general principle can be 
made to apply to others with dia- 
phragms. Such microphones are called 
"pressure" microphones, because the 
voltages they generate are directly 
proportional to the pressures of the 
sound waves striking them. 
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FIG. 9. Cut -away view showing the resonance 

chamber and vent in a dynamic microphone. 

Courtesy RCA 

FIG. 10. A typical velocity mierdpk®tie. 

RIBBON MICROPHONES 
The ribbon microphone, shown in 

Figs. 10 and 11, is rather different 
from the types we have discussed so 

far, because it has no circular dia- 
phragm. Instead, a very thin ribbon 
of an aluminum alloy is suspended 
between the poles of a powerful mag- 
net. The ribbon is clamped at its 
ends, where connecting wires attach 
it directly to a matching transformer. 
The ribbon completes the primary cir- 
cuit of this transformer and therefore 
acts as a 1 -turn coil. When it moves 
in the magnetic field, a voltage is 

induced in it. 
To permit movement of the ribbon, 

it is crimped or "accordion pleated." 
This ribbon has no springiness what- 
ever, and very little mass-it is so 

light that it practically floats in air. 
When sound waves strike it, the rib- 
bon moves back and forth in step 
with the air particles. The micro- 
phone is enclosed only by a perforated 
shield (which was removed before the 
picture in Fig. 11 was made) that of- 
fers no resistance to the free move- 
ment of air in and out. 

Since the ribbon moves in step with 
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the moving air particles just as if it 
were an additional air particle, it is 
said to respond to the velocity of the 
air particles rather than directly to 
the actual pressure of the wave. For 
this reason, you'll find that the ribbon 
microphone having both the front and 
back of the ribbon exposed to sound 
waves is called a "velocity" micro- 
phone. 

Pressure Type. It is possible to 
make the ribbon microphone respond 
to sound pressure like other micro- 
phones, however, by enclosing the 
back of the ribbon in an air chamber. 
Fig. 12 shows the most common way 
of doing this. A pipe is used to enclose 
the rear surfaces of the ribbon com- 
pletely. This pipe then leads down 
into a box at the bottom of the micro- 
phone where there is an air chamber. 
Enclosed on one side in this manner, 
the ribbon acts like a diaphragm, so 
the microphone becomes a pressure - 
actuated device. 

The ribbon microphone is rarely 
used in p.a. work, because of its ex- 
treme delicacy. A single gust of wind, 
or a sharp puff of air from a person 
speaking directly into one, will un - 

Courtesy RCA 

FIG. 11. Internal appearance of a velocity 
microphone. 
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FIG. 12. Front view (A) and side view (B) of 
the internal appearance of a pressure -operated 

ribbon microphone. 

INSULATING SUPPOR 

FRONT VIEW 

crimp and straighten out the ribbon 
so that it sags completely out of posi- 
tion. This calls for a replacement of 
the ribbon, which can be done only 
at the factory. When these micro- 
phones are moved, they must be car- 
ried in a normal operating position- 
that is, with the ribbon in a vertical 
plane. Carrying the microphone in a 
horizontal position makes the ribbon 
sag or stretch. Jarring or rough han- 
dling may cause the ribbon to move 
far beyond its normal limits, with the 
result that it may be stretched out of 
shape or even stick to the magnet. In 
addition, rough handling may cause 
the magnet to move. The spacing in 
this microphone is very small to begin 
with, so even a slight change in the 
position of the magnet will restrict the 
air gap so much that the ribbon can- 
not move properly in it. 

Despite all these difficulties, the 
velocity microphone is used in some 
high -quality installations, particularly 
when music is being picked up, be- 
cause it offers higher fidelity than 
does any other kind of microphone 
commonly used. Should you encoun- 
ter such a microphone, remember the 
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above characteristic.. Shield it al- 
ways from wind, and instruct persons 
speaking into it to stay well away 
from it and speak "across" the face 
of the microphone rather than direct- 
ly into it. Always see to it that a 
velocity microphone is kept away 
from alternating current fields such as 
may be produced by power trans- 
formers and by power lines. If any- 
thing is the matter with such a micro- 
phone, don't open it; it must go back 
to the factory for repair. Under fac- 
tory conditions, in air-conditioned, 
dust -free rooms, it is possible to re- 
pair one. However, even taking the 
screen off to examine such a micro- 
phone in an ordinary service shop is 
quite likely to permit metal particles 
to get into the air gap and prevent 
it from working. 

For that matter, it is not desirable 
to try to repair any kind of micro- 
phone. If you suspect the microphone 
of causing trouble, it is far better to 
try another in its place. If the sub- 
stitute works properly, then some- 
thing is the matter with the original 
microphone and it should be sent 
back to the factory for repair. 

You have now learned basically 
how all the important types of micro- 
phones work, except for the cardioid 
types, which are combination micro- 
phones that we shall discuss a little 
later. Now let's compare the char- 
acteristics of the various microphones 
to see what makes one type better 
than the others for different uses. 

FREQUENCY RESPONSE 

Practically any kind of microphone 
will prove satisfactory for voice pick- 
up. However, there is quite a differ- 
ence in the responses of microphones 
to music. Furthermore, we can't say 
that just because a particular micro- 
phone happens to be a crystal type 
or a dynamic type that it necessarily 

must have a certain specific fidelity, 
because it is quite possible to get a 
better response by careful design of 
the unit. For example, many of the 
more common dynamic microphones 
are reasonably flat over a frequency 
range of only 100 to 5000 cycles, but 
high-fidelity types are available that 
have flat responses from 25 cycles to 
12,000 cycles. Other dynamics have 
responses in between these two ex- 
tremes. 

The same can be said for the crystal 
microphone, whose response may 
range from perhaps 100 to 7000 cycles 
to as much as 30 to 10,000 cycles. 
Velocity types are practically all high 
fidelity, with responses from 40 to 
somewhere between 10,000 and 15,000 
cycles, depending on design. 

The obsolete carbon types were all 
low -fidelity units, which is one reason 
for their disappearance from the p.a. 
field. The condenser microphone ac- 
tually offers the widest frequency re- 
sponse of all, but, because of the dis- 
advantages we discussed earlier, it is 
not used in p.a. Therefore, in general, 
if the conditions of use would permit 
either the crystal or dynamic micro- 
phone to be used, it is necessary to be 
sure that the one chosen has a fre- 
quency response that is suitable for 
the fidelity wanted. Naturally, the 
prices of microphones go up as their 
fidelity becomes better, because a 
high-fidelity microphone must be 
oarefully made and uses costly mate- 
rials. At the same time, high-fidelity 
microphones are usually more deli- 
cate than are low -fidelity units. 
Hence, it is common practice to 
choose a microphone that meets the 
fidelity requirements of the installa- 
tion but does not exceed them much. 

Microphones are like loudspeakers 
in that their response over a frequency 
range is not uniform but instead has 
many peaks and dips. In general, the 
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dynamic microphone is particularly 
subject to such variations and the 
velocity type is least subject to them. 
However, a well -made, high -quality 
microphone will have a smoother re- 
sponse than an inexpensive type. 

PICKUP PATTERNS 
Microphones do not respond equal- 

ly to sounds coming from different 
directions. Some types exhibit definite 
directional characteristics. 

All of the diaphragm types that we 
have studied are usually made with 
an enclosure at the rear of the dia- 
phragm. Effectively, therefore, the 
diaphragm faces only one way in these 
units. As you might expect, they are 
much more sensitive to those sounds 
coming straight toward the front of 
the diaphragm than they are to 
sounds coming from other directions. 

However, these types are classed 
o 

27 

1000 CPS 
3000 CPS____ 180° 
5000 CPS 

90° 

FIG. 13. This graph shows how a nondirectional 
microphone picks up sound coming from various 
directions. The response at three different fre- 
quencies is shown. The front of the microphone 

faces the 0' line. 

as non -directional microphones be- 
cause at low frequencies (below 1000 
cycles) they do tend to respond to 
sound waves from all directions. This 
comes about because at these fre- 
quencies the microphone itself is 

rather small in comparison to a wave 
length, with the result that the dia- 
phragm is operated upon by the pres- 
sure of a sound wave regardless of the 
direction of the wave. At higher fre- 
quencies, however, these microphones 
become at least semi -directional in 
that they respond better to sound 
coming from the front (see Fig. 13). 

FIG. 14. A microphone that is relatively non - 
directional in its normal position (A) becomes 
even more so if it is turned to face upward (B). 
The response can be further improved by putting 

a shield above the microphone (C). 

If such a microphone is to exhibit 
good frequency response, then, it 
must be made to face the source of the 
sound so that its response will be ap- 
proximately equal to all frequencies 
in its normal response range. Hence, 
the microphone and its stand must be 
placed so that the microphone faces 
the source of the sound that is to be 
picked up. 

If sounds from several different 
directions are wanted, the microphone 
can be made much more non -direc- 
tional by pointing it upward. For ex- 
ample, in Fig. 14A, the microphone 
faces the left, so sounds coming from 
this direction will be picked up best. 
The sound pickup will be poorest from 
the right in this drawing. However, 
if the microphone is swiveled on its 
stand so that it faces directly upward 
(Fig. 14B), it will receive sound best 
from directly overhead, but will pick 
up equally from all horizontal direc- 
tions. 

An improvement over this latter ar- 
rangement is shown in Fig. 14C. Here 
a metal shield is placed a short dis - 
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tance from the opening of the micro- 
phone. This prevents sound coming 
from directly overhead from being 
picked up much and improves the 
pickup from the sides. 

The ribbon microphones that have 
their rear sides enclosed in a baffle, 
which makes them pressure -actuated, 

o 

180° 

FIG. 1 5. The response curves of a bidirectional 
velocity microphone. 

operate just like other pressure micro- 
phones as far as directionality of 

pickup goes. Of course, as you learned 
earlier, these microphones should not 
be turned upward because of the pos- 
sibility that the ribbon will be dam- 
aged. Velocity ribbon microphones, 
which are open on two sides, are most 
sensitive from directly in front or di- 
rectly in back, and least sensitive at 
the sides, as shown in Fig. 15. Sound 
is blocked off from the sides by the 
mass of the magnetic structure and by 
the wind shield that encloses the micro- 
phone. Therefore, response is greatest 
along the 0° and 180° lines in Fig. 15, 

and decreases gradually to a minimum 
at 90° and at 270°. 

This bidirectional response can fre- 
quently be made use of when you 
have two different sound sources to 
pick up simultaneously. Suppose, for 

example, you want to pick up the 
music of an orchestra that is playing 
in a pit in front of a stage. The or- 
chestra will be in two groups, with the 
conductor in the middle. You can get 
the desired pickup by placing the 
microphone in front of the conductor 
and orienting it so that the two halves 
of the orchestra are in line with the 
lines of maximum response of the 
microphone. This orientation will not 
only permit the orchestra to be picked 
up well but will also minimize pickup 
from the audience, which will be on 
either the 90° or 270° line of the 
microphone. 

Incidentally, the problem of pick- 
ing up unwanted sounds such as aud- 
ience noise, is a severe one in p.a. in- 
stallations. In fact, very often the 
possibility of noise pickup determines 
both the kind of microphone that 
should be used and the place where it 
should be located. We shall have 
more to say about this later in this 
Lesson. 

Cardioid Responses. Several mi- 
crophones have been developed that 

VELOCITY + PRESSURE = CA R01010 

FIG. 16. The cardioid response is produced by 
combining the responses of a velocity and a 

pressure unit. 

are combinations of pressure -operated 
and velocity -operated units. These 
have pickup patterns like that shown 
in Fig. 16. This pattern is said to 
have a "cardioid" shape, because it 
resembles somewhat the shape of a 
heart. 

A microphone having this response 
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picks up best from in front, less well 
from the sides, and very little from 
the rear. It is therefore very useful 
in applications where there is a single 
source of unwanted noise: the micro- 
phone can be turned so that its rear 
is toward the noise source, and pickup 
of the noise will be minimized. 

330 30° 

300° 

jib 270° _ ,o° 

.V41149° 
210° 150° 

60° 

leo° 

FIG. 17. The response curve of one type of 
cardioid microphone. Notice the difference be- 
tween this curve and the true cardioid shown in 

Fig. 16. 

It is also possible to make a micro 
phone having the modified picku 
pattern shown in Fig. 17. As you ca 
see, this pattern has two minimums 
The microphone will pick up to some 
extent from the rear but nowhere near 
as much as from the front. At angles 
of about 130 and 230 degrees, it has 
minimum response. A microphone 
having these characteristics is par- 
ticularly useful where there are two 
noise sources. 

The cardioid' microphone usually 
ontains a ribbon velocity element in 
ombination with something that will 
ct as a pressure device. The kind 
hown in Fig. 18 has a ribbon element 
n top and a dynamic unit under- 
eath it. A switch arrangement makes 
t possible to use the ribbon alone for 

bi-directional response, the mag- 
etic unit alone for a non -directional 

p 
n 

response, or the two in combination 
for a cardioid response. The amount 
of response from the two units can be 
varied to produce the response shown 
in Fig. 17, also. 

Other combinations are also avail- 
able, such as a ribbon and crystal 
unit. A third variety uses only a rib- 
bon that has an air chamber behind 
half the ribbon and none behind the 
rest of the ribbon. With this unit, 
the half with the air chamber acts as 
a pressure -actuated type and the 
other half, of course, as the velocity 
unit. 

Still another kind of microphone, 
known as the Super-Cardioid, has the 
directional effects of the 2 -unit cardi- 
oid but contains only a single pres- 
sure -actuated unit (either crystal or 
dynamic). The cardioid effect is 

TERMINAL 
PLUG 
AND 

MOUNTING 

Courtesy Western Electric 
FIG. 18. Cross-sectional view of a microphone 
that can be used as a nondirectional, bidirec- 
tional, or cardioid microphone by turning the 

switch (lower right) to the proper position. 
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achieved by incorporating a special 
acoustic chamber in the microphone 
housing. 

The cardioid reception pattern is 

obtained from a combination of pres- 
sure and velocity units because of the 
difference in the manner in which the 
two units respond to sound waves. 
When the waves come from the front 
of the microphone, both units are en- 
ergized simultaneously. Their signal 
voltages are therefore in phase; and, 
when they are added in a suitable 
network, they produce an increased 
output. When the sound waves come 
from the back of the microphone, 
however, the action is not the same. 
The velocity unit is energized as soon 
as the waves reach the microphone, 
but the pressure unit is not energized 
until the waves reach the front of the 
microphone a short time later. The 
output signals of the two units are 
now out of phase; therefore, they can- 
cel when they are combined, produc- 
ing a minimum response to waves 
coming from the rear of the micro- 
phone. 

Incidentally, the bi-directional re- 
sponse of the velocity microphone 
does not vary much with frequency: 
practically the same pattern is ob- 
tained for all frequencies to which the 
microphone responds. Some of this 
same effect is carried over to the car- 
dioid, although here the pressure - 
actuated device can cause the pattern 
to vary somewhat with frequency. 

Although it is never a true cardioid, 
the response of a non -directional mi- 
crophone can be sharpened so that the 
response is mostly from the front by 
the use of an acoustic shield around 
the face of the microphone. Such a 
shield plate cuts down on the energy 
received from any direction except the 
front. Certain microphones come 
equipped with such shields; they are 
usually removable so that non -direc- 

tional response can be obtained when 
it is desired. 

MICROPHONE OUTPUTS 

Microphones differ considerably in 
their output levels, even though all 
are low and require the use of high - 
gain amplifiers. The carbon micro- 
phone has the greatest output for a 
fixed sound level; the condenser mi- 
crophone and its built-in amplifier 
have nearly as much; the crystal mi- 
crophone has the next greatest out- 
put; and the dynamic microphone 
output ranges from about the level of 
the crystal microphone down to that 
of the velocity, which has the least 
power output. 

Naturally, if you are to drive an 
amplifier to full output, the micro- 
phone you use with it must supply at 
least the minimum input power for 
which the amplifier was designed: As 
a practical matter, it is best to use 
the kind of microphone recommended 
by the manufacturer of the amplifier, 
if he makes any recommendation. If 
the amplifier manufacturer does not 
recommend a specific microphone, you 
must choose one that has a suitable 
output. If low -impedance dynamic 
and velocity microphones can be used 
with a particular amplifier, any other 
kind can also be used with it, because 
all other kinds have higher outputs. 

Microphone sensitivity ratings are 
often confusing, because at least six 
different reference levels are in use. 
Most manufacturers rate their micro- 
phones in terms of the electrical out- 
put across a properly matched load 
at a reference frequency, with respect 
to a particular reference sound pres- 
sure. A few rate microphones un- 
loaded, however; doing so gives an 
output that is 6 db more than it will 
actually be when the microphone is 
properly matched. (The unloaded 
voltage is higher because, when the 
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microphone is properly loaded by an 
impedance equal to its own imped- 
ance, half the source voltage is 
dropped across the microphone im- 
pedance.) 

Microphones are usually rated in 
terms of decibels down from either a 
reference voltage or a reference power, 
with the reference sound pressure 
given in dynes per square centimeter. 
(Sometimes the pressure is stated in 
bars; a bar is equal to one dyne per 
square centimeter.) 

The reference voltage is usually 1 

volt, but the reference power may 
either be 1 milliwatt or 6 milliwatts. 
Table 1 gives the six most commonly 
used reference levels. As a typical ex- 
ample, you may find the rating of a 

TABLE I 
1 volt/1 dyne/cm2 
1 volt/10 dynes/cm2 
1 volt/100 dynes/cm2 
.001 watt/1 dyne/cm2 
.001 watt/10 dynes/cm2 
.006 watt/10 dynes/cm2 

microphone given as "-50 db below 
1 volt/1 dyne/cm2 into a load of 1 

megohm." When the complete rating 
is given this way, you know at least 
what reference level was used. On the 
other hand, if the listing is just "-50 
db," as it frequently is in supply - 
house catalogs, you won't know what 
reference level was used; and you 
may be badly misled if you compare 
the output level of this particular mi- 
crophone with that of another that 
was rated on the basis of a different 
reference. 

For example, three different pres- 
sure reference levels are given in 
Table 1, each 10 times the pressure 
of the one preceding. A 10 -times dif- 
ference in pressure on a microphone 
increases its output by 20 db. There- 
fore, the same microphone could be 
rated at -70 db below 1 volt/1 dyne/ 

cm2, or -50 db below 1 volt/10 
dynes/cm2, or -30 db below 1 volt/ 
100 dynes/cm2. 

Similarly, a power rating in terms 
of 1 milliwatt is 8 db higher than it 
would be if the microphone were rated 
on the basis of a 6-milliwatt reference 
level. In other words, a microphone 
rated at -50 db for the 1-milliwatt 
level would have to be rated at -58 
db if the 6-milliwatt level were used 
as the reference. . 

All this means that we have to be 
careful to choose a microphone whose 
db output level is high enough to give 
full rated output from the amplifier 
used. Then, when we compare micro- 
phones made by different manufac- 
turers, we must be careful always to 
make sure that their ratings are in 
terms of the same reference; other- 
wise, we may get the wrong idea of 
their relative outputs. If you cannot 
tell what rating standard was used 
from the information given, write 
both the manufacturer of the micro- 
phone and the manufacturer of the 
amplifier. One or the other will be 
able to tell you whether the particular 
microphone and amplifier you are in- 
terested in will work properly to- 
gether. 

Of course, once you have had ex- 
perience with particular brands of 
microphones, you won't have to worry 
about the reference standards used. 
because you will know what their rat- 
ings are. 

MICROPHONE IMPEDANCES 

In general, microphones are classed 
as either low impedance or high im- 
pedance. The ribbon microphone has 
a very low impedance, and it nearly 
always has a built-in transformer that 
is designed to match the microphone 
either to a 500 -ohm audio line or di- 
rectly to the grid of an amplifier tube. 
Dynamic microphones have imped- 
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ances ranging from around 8 ohms up 
to about 50 ohms. Sometimes built-in 
transformers won't be provided with 
those around 50 ohms, but the ones 
commonly used in p.a. work all have 
transformers designed to match them 
to 500 ohms or to a high -impedance 
input. 

The only other common type-the 
crystal microphone-is usually a 
high -impedance microphone. 

Amplifier inputs are generally de- 
signed either for high -impedance mi- 
crophones or for 500 -ohm transmis- 
sion lines. One designed for a high - 
impedance microphone can be used 
with either a crystal microphone or a 
magnetic or velocity microphone that 
has an appropriate matching trans- 
former. 

When high -impedance inputs are 
used, the cable from the microphone 
to the amplifier cannot be very long. 
One reason is that there will be con- 
siderable frequency attenuation, as we 
shall learn elsewhere. Another reason 
is that if any point in the circuit is at 
a high impedance with respect to 
ground, very small stray hum and 
noise fields will introduce fairly large 
disturbing voltages. And, of course, 
the longer the section of the circuit 
above ground, the more likely there is 

to be trouble. It is therefore necessary 
to keep the microphone cable as short 
as possible-lengths are usually held 
to 10 to 25 feet at the most. 

If the amplifier has a 500 -ohm in- 
put, on the other hand, it is possible 
to use a 500 -ohm transmission line, 

which permits cable lengths to be as 
much as 1000 feet. When a 500 -ohm 
line is used, it is of course necessary 
that the microphone have a trans- 
former designed to match it to the 
line and that the line be matched to 
the grid of the input tube of the am- 
plifier by another transformer. 

As a general rule, therefore, we can 
say that if the microphone is to be 
used within 10 to 25 feet of the am- 
plifier, we can use a high -impedance 
microphone that is connected directly 
to the amplifier. This may be either 
a crystal microphone or a dynamic or 
velocity microphone containing a 
transformer that matches its imped- 
ance to that of the amplifier input 
circuit. A dynamic or velocity micro- 
phone that is matched to 500 ohms by 
its built-in transformer can also be 
used if it is connected to the 500 -ohm 
input of the amplifier or if it is con- 
nected to another transformer that 
will match 500 ohms to the high - 
impedance input of the amplifier. 

On the other hand, if the micro- 
phone is to be used at a greater dis- 
tance from the amplifier, we must 
either use a low -impedance type 
matched to a 500 -ohm line, which in 

turn is matched to the amplifier, or we 
must feed from a high -impedance mi- 
crophone into a preamplifier that is a 

separate unit from the main ampli- 
fier. Then, this preamplifier can be 
connected to the main amplifier at a 

distance by proper matching through 
a 500 -ohm line, as we will show later. 
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Loudspeakers and Their Enclosures 

You have studied loudspeakers else- 
where in your Course, so we shall not 
have to spend time here to describe 
their operation. Instead, we shall dis- 
cuss their use in p.a. work. 

A few magnetic loudspeakers are 
used in p.a. installations, but dynam- 
ics are by far the most common. Per- 
manent -magnet dynamics are almost 
always the kind chosen, because they 
do not require a field supply. Since 
the loudspeakers must frequently be 
mounted at a great distance from the 
amplifier, it would be impractical to 
furnish a field supply from the am- 
plifier, because the extra pair of leads 
in the cable would greatly increase 
the cost and complicate the installa- 
tion. Therefore, if an electrodynamic 
loudspeaker were to be used in such 
cases, it would have to have its own 
built-in field supply, which would 
have to be connected to a source of 
power. This would greatly increase 
the expense and would probably cause 
a higher hum level. 

Therefore, the electrodynamic loud- 
speaker is commonly used only in 
small portable p.a. systems in which 
the loudspeaker is built into the am- 
plifier assembly or is connected to it 
by a rather short cable. 

The voice coil impedances of the 
loudspeakers used in p.a. work are 
similar to those of the loudspeakers 
used in home radio receivers: 4 ohms, 
8 ohms, and 16 ohms are the most 
common. 

Two basic loudspeaker types are 
used in p.a. installations. One is the 
familiar kind in which the voice coil 
drives a paper cone; in the other, the 
voice coil drives a metal diaphragm. 

The paper -cone type is usually 
found in the lower -powered indoor 
installations and in high-fidelity in- 

stallations in which large amounts of 
low -frequency power must be han- 
dled. In the latter case, cone -type 
loudspeakers are used because of the 
nature of the baffle enclosures that 
must be used to give the desired 
fidelity. 

The cone -type loudspeaker has two 
major disadvantages. One is that it 
is remarkably inefficient. Even when 
it is placed in a proper baffle enclo- 
sure, it is usually considered to be no 
more than 2% efficient. This means 
that only 2% of the audio power fed 
to the loudspeaker is actually con- 
verted into sound power. Fortunately, 
the human ear responds remarkably 
well to very small amounts of sound 
power, or cone loudspeakers would be 
completely impractical. 

Another disadvantage of the cone 
loudspeaker is the fact that the paper 
cone will deteriorate with age, par- 
ticularly if it is subjected to condi- 
tions of high humidity. Naturally, 
such a paper cone could not be used 

This 

Courtesy Unieerstty Loudspeakers, Jae. 

is a typical driver unit used with horn 
loudspeakers. 
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FIG. 19. An early form of horn loudspeaker 
equipped with a driver unit is shown in A. In 
the modern form, shown in B, reflections within 
the sound chamber are eliminated by adding a 

plug in the throat and by shaping the diaphragm 
to match the end of the plug. 

outdoors without ample protection 
against weather. 

These disadvantages of cone loud- 
speakers have led to the development 
of high-powered driver -type units 
that have metal diaphragms instead 
of paper cones. Such driver units are 
invariably used with horn enclosures, 
which we shall describe shortly. When 
the diaphragm is properly coupled to 
the air by a horn enclosure, it is pos- 
sible to get an efficiency of 15% to 
perhaps 30% from a driver unit. 

The basic structure of a driver unit 
is shown in Fig. 19A. For the horn 
size to be practical, the throat of the 
horn must be relatively small, consid- 
erably smaller than the diaphragm. 
Therefore, the diaphragm in this fig- 
ure drives the throat through a sound 
chamber. Effectively this gives a very 
good coupling to the air, with the re- 
sult that large amounts of air are 
moved at the throat. However, there 
is some difficulty with the frequency 
response, because, particularly at high 
frequencies, there are reflections with- 
in the sound chamber. 

Fig. 19B shows one way this prob- 
lem can be solved. As you can see, 
the diaphragm has a ball -shaped in- 
dent in it, and there is a plug in the 
center of the sound chamber whose 
rear edge is shaped like the indent in 
the diaphragm. The motion of the 
diaphragm forces air to flow around 
the plug and thence through the 
throat into the horn. This arrange- 
ment makes it practically impossible 
for any sound waves to be reflected 
from the walls of the sound chamber 
back to the diaphragm; instead, any 
reflected waves are channeled toward 
the throat by the sloping sides of the 
plug and the chamber. Many varia- 
tions of this plug system have been 
worked out, but they all work on sim- 
ilar principles. 

LOUDSPEAKER BAFFLES 
A cone loudspeaker unit must be 

enclosed in some form of baffle to 
produce a reasonable coupling to the 
air. The shape and size of this baffle 
in a radio receiver depend on the 
fidelity and the efficiency desired. The 
same factors enter into p.a. work, and 
in addition, we have to worry about 
the possibility that sound from the 

Courtesy Allied Radio Corp. 
FIG. 20. These ale box baffles of the sort com- 

mon ly used in portable p.a. systems. 
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loudspeaker may travel through the 
air to the microphone. If sufficient 
energy can get from the loudspeaker 
back to the microphone, the system 
can become a self-sustaining oscilla- 
tor, because this fed -back sound can 
replace the original sound and con- 
tinue to repeat itself over and over 
through the microphone -amplifier - 
loudspeaker -air -microphone path. For 
this reason, loudspeaker baffles for 
p.a. work commonly have closed 
backs; this makes it possible to op- 
erate the loudspeaker near the micro- 
phone location without fear that the 
sound coining from the back surface 
of the loudspeaker cone will reach the 
microphone directly. An open baffle 
can be used only when the loudspeak- 
ers are located in such positions that 
feedback is unlikely. 

Let's see what various common baf- 
fles are like. 

CONE -LOUDSPEAKER BAFFLES 
The simplest enclosure for a cone 

loudspeaker is the box baffle shown 
in Fig. 20. Two such box baffles are 
commonly used in portable p.a. sys- 
tems, the two being so constructed 
that they can be secured together to 

Courtesy RCA 

FIG. 21. A typical wall baffle. 
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FIG. 22. Cross-sectional view of a bass reflex 
baffle. The arrows show the directions of the 
sound waves from the front and the back surfaces 

of the loudspeaker cones. 

form a closed box in which there is 
room for the amplifier when it is de- 
sired to carry the whole system from 
one place to another. 

A baffle of this sort is not sufficient 
to give high fidelity, but it is adequate 
for voice or popular music. Since the 
back of this baffle is completely open, 
it must be carefully located with re- 
spect to the microphone to prevent 
feedback from the loudspeaker to the 
microphone. 

Another simple baffle is shown in 
Fig. 21. This is a box that is intended 
to be hung on a wall. If enclosures 
of this sort are properly scattered 
around, well away from the micro- 
phone, it is possible to keep the feed- 
back down to a satisfactory level. 
This baffle is actually enclosed at the 
back when it is mounted firmly 
against the wall, but since it is 
mounted so that it faces into the 
room, it can feed sound into the mi- 
crophone unless the latter is carefully 
placed. 

The larger cabinet baffles that are 
used where better tone quality is 
desired are generally completely en- 
closed at the rear. In most instances, 
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such units are of the bass reflex type, 
an example of which is shown in 
Fig. 22. 

Any of the baffles described so far 
gives a relatively broad sound distri- 
bution somewhat like that obtained 
from a radio receiver. There are oc- 
casions, however, when it is desired 
to project sound in a more compact 
"bundle" to a distance, or when it is 

FIG. 23. A cone loudspeaker mounted in a 

projector housing. 

necessary to prevent sound from go- 
ing in certain directions to eliminate 
feedback. With cone loudspeakers, 
projectors (sometimes called trum- 
pets) are used for such occasions. An 
indoor type is shown in Fig. 23. Basic- 
ally, this is a directional enclosure, 

FIG. 24. A cross-sectional view of a cone loud- 
speaker mounted in a weatherproof projector. 

Such an assembly can be used outdoors. 
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FIG. 25. This shows how a cone loudspeaker 
mounted in a box baffle (A) and one mounted 
in a projector horn (B) differ in their sound 

distribution characteristics. 

very similar to a horn in its directive 
effects. 

Outdoors, a variation of the projec- 
tor is the only kind that is practicable 
with cone loudspeakers. Cones must 
be protected from the weather out- 
doors, so a weather-proof projector 
like the one shown in Fig. 24 is used. 
This is so designed that rain and 
spray will not seriously affect the 
cone even if they enter the mouth of 
the projector directly. 

Sound Distribution. Incidentally, 
the sound output from loudspeakers 
is rather peculiarly distributed. Fig. 
25A shows the result of using a cone 
in any standard wall or cabinet baffle. 
As you can see, low frequencies are 
distributed rather uniformly from the 
front of the baffle over a wide area. 
Medium and high frequencies become 
more and more directional, however; 
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the sound distribution at the highest 
frequencies is practically a narrow 
beam straight in front of the cone. 
This unequal sound distribution pre- 
sents quite a problem if we are inter- 
ested in high-fidelity sound distribu- 
tion. It is obvious that only the 

Courtesy University Loudspeakers, bir. 
FIG. 26. A double loudspeaker designed to 
give wide-angle distribution of high -frequency 

sounds. 

people who are directly in front of the 
cone will get all the frequencies with 
equal intensity. 

The projector distribution shown in 
Fig. 25B is much more nearly uni- 
form. However, here we run into the 
fact that the projector isn't a very 
good baffle, because its low -frequency 
response is poor for reasonable pro - 

Courtesy Jenscn MJg. Co. 

FIG. 27. A cellular high -frequency horn. 

jector sizes. In other words, a pro- 
jector gives more uniform sound dis- 
tribution with frequency than a box 
baffle does, but the box baffle gives 
better fidelity. 

To improve sound distribution, 

high-fidelity installations frequently 
use dual loudspeakers. In such instal- 
lations, a large cone loudspeaker is 
used to give low -frequency coverage; 
the high frequencies are handled by a 
small loudspeaker unit (usually a 
driver type) that is designed to give 
an angle of coverage that approxi- 
mates the medium -frequency cover- 
age of the large cone. Fig. 26 shows 
one type of high -frequency loud- 
speaker, which consists of a pair of 
driver units arranged with dual horns 
at such an angle that a rather wide 
coverage is obtained. Fig. 27 shows a 
"cellular" construction in which the 

Courtesy Jensen Mfg. Co. 

FIG. 28. A typical coaxial loudspeaker. 

horn is broken into segments that dis- 
perse the sound to give a wide angle 
of coverage. This horn is driven by 
a single driver unit. 

A form of dual loudspeaker that is 
commonly used in high-fidelity in- 
stallations is shown in Fig. 28. This 
unit, called a coaxial loudspeaker, is 
used chiefly because it has a wide fre- 
quency range. In the immediate vi- 
cinity of such a loudspeaker, the fi- 
delity is quite good, but it does not 
offer particularly wide-angle high - 
frequency coverage. Where a large 
area is to be covered with such loud - 
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Courtesy Langevin 

FIG. 29. A loudspeaker in a housing designed 
for ceiling mounting. The small horn at the 

bottom helps diffuse the sound. 

speakers, therefore, it is necessary to 
use a number of them to be sure of 
having reasonable sound distribution 
at all frequencies. 

Fig. 29 shows an enclosure intended 
to be mounted in the ceiling and to 
distribute sound in all directions. 
This enclosure is very useful when 
the loudspeaker is to be mounted near 
the center of a room. However, it is 
probably the least desirable loud- 
speaker to have in the same room with 
the microphone, because some of the 
loudspeaker's energy is directed right 
at the microphone. 

HORN ENCLOSURES 

Some form of horn or trumpet en- 
closure is invariably used with driver 
units. Both the fidelity and the cov- 
erage angle are largely determined by 
the kind of enclosure chosen. A long, 
narrow horn with a small mouth 
tends to project sound directly in 
front of the mouth of the horn without 
allowing it to spread very much. On 
the other hand, if the horn flares 
outward rapidly, sound is distributed 
over a much wider angle. 

From a fidelity'standpoint, the rate 
of increase of the cross-sectional area 
of the horn is particularly important. 

In general, the horn must be rather 
long to have good low -frequency res- 
ponse. Since it should increase regu- 
larly in cross-sectional area as it in- 
creases in length, we must start with 
a very small throat if we are to have 
a reasonable mouth size in any prac- 
tical horn length. 

Horns that carry speech only need 
to handle only a limited frequency 
range; therefore, they can be, and 
commonly are, rather short. However, 
if music is to be carried through the 
horn, it must be long-so long, in fact, 
that the space required by the horn 
is quite a problem. One solution to 
this problem is to fold the horn up on 
itself as shown in Fig. 30. Even fold- 
ed in this manner, the horn is rather 
large; a horn of this sort is generally 
used only in large auditoriums or the- 
aters. 

A more commonly used arrange- 
ment for getting a relatively long horn 
length in a small space is shown in 
Figs. 31 and 32. This device is known 
as the re-entrant or reflex horn. The 
name comes from the fact that the 
sound travels down an inside horn, 

FIG. 30. A folded horn of the sort used in 
theaters and large auditoriums. 

á 
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Courtesy University Loudspeakers, Inc. 

FIG. 31. A typical reflex trumpet, much used 
for outdoor installations. 
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FIG. 32. Cross-sectional view of a reflex trumpet. 

then is forced .back toward the rear 
before it finally comes out of the 
mouth of the horn, as shown in Fig. 
32. Because of this internal folding, 
it is possible to make the over-all 
dimensions' of the horn rather short 
and yet have a fairly long air column. 
Furthermore, such a horn is weather - 

FIG. 33. A coupling of this sort makes it 
possible to use 2 driver units with one horn. 

Courtesy University Loudspeakers, Inc. 

This is an extremely powerful loudspeaker in 
which 12 driver units are used. It can handle 
powers up to 300 watts end can be heard for 

several miles. 

proof, making it ideal for outdoor use. 
Most drivers designed for use with 

horn units are rated at 25 watts but 
will work efficiently on 8 to 10 watts. 
If greater power is needed, extra loud- 
speakers may be used, or more than 
one driver may be used with a single 
horn. Fig. 33 shows a two -unit type; 
as many as twelve drivers are used 
on super -powered horns. 

Now that you have a general idea 
of what the pickup patterns of micro- 
phones and the sound distribution 
patterns of loudspeakers are like, let's 
take up the practical problems of de- 
termining how much power is neces- 
sary for an installation. 
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Practical Acoustics 
The amount of power needed for 

any particular installation depends on 
a number of factors. First of all, the 
hearing characteristics of the human 
ear must be considered. There must 
Abe a certain amount of power before 
the human ear registers any sound at 
all, the exact amount depending on 
the frequency of the source. At this 
threshold level, the ear is not at all 
a high-fidelity device; therefore, con- 
siderably more than this minimum 
power is needed to permit an audience 
to hear comfortably and with reason- 
ably good fidelity. 

As we have pointed out before, the 
noise level at the location of the in- 
stallation must also be taken into 
account in determining the amount of 
power needed; the greater the noise, 
the greater the power that will be nec- 
essary. Indoors, we also have the 
problem of sound reflection from the 
walls and ceilings. Sound reflection 
is seldom a problem in an outdoor in- 
stallation, but sound dispersal is. 
Let's make a complete study of each 
of these factors in turn to see how 
they affect the amount of power 
needed. 

HEARING CURVES 
The ear is very peculiar in the 

manner in which it responds to sound 
levels at different frequencies. It is 
most sensitive to sounds at about 2000 
cycles. In other words, a very low - 
power sound at this frequency will 
be audible. At low or high frequen- 
cies, however, far more power is nec- 
essary to make a sound audible. 

Fig. 34 contains a series of curves 
that indicate the average hearing 
ability of the human ear. Sounds 
having the intensities shown by curve 
A can just barely be heard, and 
sounds having lower intensities can- 

not be heard at all: curve A is there- 
fore called the "threshold of hearing." 
Notice that this curve is very 
non-linear, illustrating what we júst 
said about the ear being most sensi- 
tive at the minimum -loudness level to 
sounds around 2000 cycles and least 
sensitive to low -frequency and high - 
frequency sounds. 

This variation in sensitivity with 
frequency becomes less marked at 
higher loudness levels. The dashed 
curves above curve A show the re- 
sponse of the ear at various loudness 
levels 10 db apart. (The threshold 
of hearing is used as the zero db ref- 
erence.) As you can see, the response 
becomes much flatter as the loudness 
increases. 

If a sound is made loud enough, the 
ear will feel pain instead of hearing 
,,,.,,,, 
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FIG. 34. The frequency -response curves of the 
human ear for sounds of various levels. Curve A 
shows the threshold of hearing, curve B the 

threshold of pain. 

the sound. The loudness level at 
which pain is felt (which is called the 
"threshold of pain") is represented 
roughly by curve B in Fig. 34. Notice 
that this curve intersects the threshold 
of hearing at very low and very high 
frequencies but is widely separated 
from it at the middle frequencies. At 
frequencies around 1000 to 2000 

m 
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cycles, the change is roughly about 
120 to 130 decibels from the threshold 
of hearing to the threshold of pain. 

You can see from these facts that 
the average person is able to hear 
only the middle frequency range if the 
sound level is very low; the low and 
high frequencies are completely in- 
audible. As the sound level is in- 
creased, higher and lower frequencies 
can be heard. 

Obviously, the sound output of a 
p.a. system should be at least great 
enough to permit all the frequencies 
we are interested in to be heard com- 
fortably. This means that the power 
required for a particular installation 
depends on what the system is in- 
tended to carry. If it is to be used for 
instrumental music, a wider frequency 
range must be handled than is needed 
if only voice frequencies are to 'be 
carried; consequently, more power is 
needed for the former kind of instal- 
lation. 

For convenience in comparing 
sound levels, it is standard practice to 
choose a reference frequency in the 
range where the hearing is most acute. 
The level necessary to produce an 
audible sound at this reference fre- 
quency is then considered to be the 
threshold of hearing, and other sounds 
and noises are said to be a certain 
number of decibels above this thresh- 
old level. 

EFFECT OF NOISE 
The ability to hear any sound is 

considerably affected by the noise 
level. Theoretically, even the weakest 
of the sounds in which we are inter- 
ested should be at a level above the 
surrounding noise level if it is to be 
heard easily. Therefore, we need to 
know the noise level before we can 
choose the p.a. system. 

Fig. 35 shows the sound levels of 
various common noises, and the noise 
levels that are found in typical places 

Type of Sound Source DB Level 

Threshold of painful sound 
Hammer blows on steel 
Riveting machine 
Factory (very noisy) 
Machine Shop (average) 
Heavy street traffic 
Printing Press 
Ball Rooms 
Restaurant (noisy) 
Factory (average) 
R.R. waiting room 
Auditorium (average) 
Office (busy) 
Department store (average) 
Auditorium (quiet) 
Ordinary conversation 
Quiet residential street 
Restaurant (average) 
Store (quiet) 
Office (quiet) 
Hotel lobby 
Hospitals 
Average quiet residence 
Quiet garden 
Average whisper 
Rustle of leaves in 

gentle breeze 
Threshold of hearing 

130 
120 
100 

90 
90 
85 
80 
80 
80 
75 
75 
75 
65 
65 
65 
60 
60 
60 
60 
60 
55 
55 
35 
25 
20 

10 
0 

FIG. 35. These are the levels in db above the 
threshold of hearing of various common sounds 
and noises. The figures have been compiled 

from several sources. 

where p.a. systems may be used. No- 
tice that the noise level in the average 
quiet home is about 35 db above the 
threshold; since the average conver- 
sation level is higher than this, we, 
of course, need no amplification to 
overcome the noise in a home. As a 
matter of fact, p.a. amplifiers are not 
needed to overcome noise until the 
noise level is above that of the de- 
sired sound. Acoustics standards state 
that the average sound level for 
speech should be maintained at least 
10 db above the surrounding noise 
level. This is not practical, of course, 
when the noise level is up near the 
threshold of pain, because the sound 
level might then be over the threshold 
for some frequencies. It is therefore 
frequently impossible to keep the 
sound level above the surrounding 
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noise level to any great degree in in- 
stallations in very noisy factories. 

For ordinary music, it is desirable 
to have the average sound level 15 db 
higher than for voice, or a total of 
25 db above the noise. High-fidelity 
reproduction of symphonic music re - 

A sound -level meter of this sort is very useful 
for determining the noise level at the site of an 

installation. 

quires another 10 db above ordinary 
music, or an average level 35 db above 
the noise level. Of course, there will 
be peaks that exist above the average 
levels; however, proper design on an 
average power basis permits the peak 
power capabilities of the amplifier to 
handle these. 

One of the problems always facing 
the sound engineer, therefore, is the 
determination of the noise level at the 
location where a p.a. system is to be 
installed. This determination must, 
of course, be made under the condi- 
tions that will be present at the time 
the p.a. system is to be used. An 
empty auditorium is far quieter than 
one filled with people. This is par- 
ticularly true at a sporting arena, 
where an enthusiastic crowd of spec- 
tators can make the noise level very 
high. 

To determine the noise level, one 
must guess at it (a very difficult thing 

to do accurately), measure it with a 
noise level meter, or depend upon 
practical tables or charts like Fig. 35. 
Loudspeaker manufacturers give av- 
erage levels in charts designed around 
their particular loudspeakers. We'll 
say more about this later. 

SOUND REFLECTIONS 
As we have already said, sound 

reflections from the walls, floors, and 
ceilings of a room are a major prob- 
lem in indoor p.a. installations. These 
reflections provide additional paths 
over which sound waves travel from 
the source to the listener. Fig. 36 
gives a simple example. 

Such reflections occur because 
whenever sound waves strike a sur- 
face, some of the energy is absorbed 
and lost, some is transmitted through 
the material, and the remainder is re - 

WALL OF ROOM 

SOUND 
SOURCE 

WALL OF ROOM. 

FIG. 36. The direct sound wave betwee.i the 
source and the listener travels over path 1, which 
is the shortest path between these two points. 
Waves traveling over paths 2, 3, or 4 must go a 

greater distance to reach the listener, and con- 
sequently arrive somewhat later than those taking 

path 1. 

fleeted much as light rays are reflected 
by a mirror. How much reflection 
there is depends on the material; 
hard, smooth materials like plaster re- 
flect far more than do soft materials 
like drapes. These reflections "save" 
energy by preventing it from escap- 
ing from the room. However, the re - 
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turn of this sound energy is not in- 
stantaneous; it takes more time for 
sound to travel over a longer path, so 
sound waves that reflect from wall 
to wall do not arrive at a given point 
in step with sound waves coming over 
a more direct path. Such reflected 
waves may cause the sound at any 
particular spot to be louder, softer, 
or unintelligible. Let's study this last 
effect first. 

REVERBERATION 

When the surfaces of a room are 
hard and smooth, reflections occur and 
recur, with the result that it takes 
time for sounds to die out. Conse- 
quently, syllables or words traveling 
over direct paths are interfered with 
by earlier sounds traveling over the 
reflection paths. This prolongation of 
sounds, which is called reverberation, 
is the most common acoustic problem 
in auditoriums. 

Unless a room is made absolutely 
dead by special acoustic treatment 
(by making the surfaces absorb 
energy instead of reflecting it) , there 
will always be a certain amount of 
this reverberation. The actual amount 
depends on the size and shape of the 
room and on the characteristics of the 
materials used in the room. We don't 
want a room to have no reverberation 
-such a room sounds "dead," and 
music or speech is flat in it. A cer- 
tain amount of reverberation makes 
a room "alive"; music, in particular, 
has more brilliance and richness of 
tone in such a room. 

To determine what treatment may 
be necessary to make a room more 
nearly ideal in this respect, engineers 
assume that the period of reverbera- 
tion is the time it takes for a sound 
to decrease in energy by 60 decibels. 
To measure this period, a short, sharp 

sound is made, and timing devices are 
used to determine when it has de- 
creased by this amount. If the time 
taken is reasonable for the size of the 
room, no treatment is necessary. 

In general, the larger the room, the 
longer the reverberation period that 
can be permitted. There is no exact 
agreement on the amount of time that 
is permissible, however, because this 
depends upon whether it is speech or 
music that is to be reproduced and 
upon what the installer thinks is an 
ideal "liveness" for the room. Usually 
periods of under two seconds are 
necessary. "Ideal" periods for music 
in rooms of various sizes are shown 
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FIG. 37. This graph shows the desirable rever- 
beration time for rooms of various sizes in which 

music is to be played. 

in Fig. 37. For speech, the ideal is 
from half to two-thirds the values 
given in this figure. 

As an example of how excessive 
reverberation affects the ability to 
understand speech, a reverberation 
period of 5 seconds in a 5000 -cubic 
foot auditorium reduces the number 
of recognizable syllables to only about 
60% of the total. At least 75% rec- 
ognition is necessary for intelligibility 
with very careful listening, and about 
90% is needed for high -quality repro- 
duction. In a room of 5000 cubic feet, 
a reverberation period of about .6 
second is required for 90% intelligi- 
bility. 
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ACOUSTIC TREATMENT 
Since the reverberation time is re- 

lated to the volume of the room in 
cubic feet and to the absorbing ability 
of the surfaces of the room, there is a 
formula that can be used for calcu- 
lating the approximate reverberation 
period of a room. It is: 

.05V 
t= 

a 
where "V" is the volume of the room 
in cubic feet, "t" is the period in sec- 
onds, and "a" is the number of ab- 
sorption units of the materials used. 

engineer. In a large auditorium, 
proper acoustic treatment involves a 
considerable expense, so it is far bet- 
ter to have the room treated by some- 
one familiar with the materials that 
can be used for the purpose. If you 
have such a problem, therefore, you 
should call in an engineer or a repre- 
sentative of a company manufactur- 
ing sound -absorbing material. How- 
ever, so you will understand what 
must be done, let's see how such an 
expert would go about planning the 
acoustic treatment of a room. 

Courtesy The Celotex Corp. 
A small broadcast studio that has been acousti- 
cally treated with Acousti-Celotex tile on the 
ceiling and carpeting on the floor. The walls 
have been irregularly shaped to improve sound 
diffusion. Acoustical treatments in rooms served 
by p.a. systems are similar, though seldom so 

extensive. 
We shall discuss absorption units in 
a moment. 

This formula makes it possible to 
calculate the approximate period for 
a room. If the period is wrong, we can 
determine how much the absorption 
has to be changed to make the rever- 
beration proper by restating the for- 
mula as: 

a 
.05V 

t 

which gives us the number of absorp- 
tion units needed for a room of vol- 
ume V to have the desired reverbera- 
tion period t. 

In general, acoustic treatment of 
a room is best left to an acoustical 

The number of absorption units in 
a room is computed by multiplying 
the area in square feet of each sur- 
face by a factor (called the absorp- 
tion coefficient) that indicates the ab- 
sorbing power of each square foot of 
the material. The total number of 
absorption units in the room is the 
sum of these, plus the units furnished 
by the audience and by the furniture. 

As a general rule, any hard, smooth 
surface has very little absorption, so 
materials such as plaster walls will 
reflect sound and keep the reverber- 
ation period high. The same can be 
said for hard floor materials and for 
wooden seats. 

On the other hand, soft, coarse ma - 
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terials absorb sound, so the period of 
reverberation can be reduced by the 
use of drapes or other cloth hangings, 
upholstering or pillows on the seats, 
rugs on the floor, etc. Even better 
sound absorption can be obtained 
through the use of special acoustic 
materials, which are commonly made 
of cane fibers. These materials either 
have a rough surface or have a sur- 
face with many small holes in it that 
break up the sound reflection and ab- 
sorb much of the energy of the sound 
wave. Covering plaster ceilings and 
walls with such materials cuts down 
greatly on the reverberation and also 
reduces the noise (since it, too, is ab- 
sorbed). 

Materials 
Floor Coverings: 

Carpet 
Cork flooring 
Linoleum 
Rug, Axminster 
Wood flooring 

Hangings: 
Fabrics: 

Light 
Medium 
Heavy 

Hard Wall: 
Brick, painted 
Cement 
Plaster on lath 

Openings: 
Window 
Balcony 

Audience and Chairs: 
People 
Chairs, wooden 
Chairs, upholstered 

Acoustic Materials: 
Acousti-Celotex C-2 
Acousti-Celotex C-4 
Acoustone F 
Fiberglas Tile (1") 
Permacoustic (1") 

Coefficients 

.20 

.08 

.03 
.20 
.03 

.11 

.13 

.50 

.017 

.025 

.03 

.5-1 

.5-1 
3-4.3 

.17 
1.6 

.67 
.99 
.87 
.97 
.71 

FIG. 38. The absorption coefficients of various 
materials. The figures given i'or audience and 
chairs are in terms of absorption units per person 
or per chair; the other figures are for absorption 
units per square foot. These units were deter- 
mined at 512 cycles. The absorption at other 
frequencies differs somewhat, usually, though not 

always, increasing at higher frequencies. 

Wood floor: 
(100 x 20 - 2000) x .03 = 60 

Plaster walls: 
(240 x 10 = 2400) x .03 = 72 

Plaster ceiling: 
(100x20 = 2000) x.03=60 

Wood Chairs: 50 x .17 - 8.5 

200.5 
Volume = 100 x 20 x 10 = 

20,000 cu. ft. 
.05 x 20,000 t- -5sec. 

200 

FIG. 39. The computations needed to determine 
the reverberation period of the room described 

in the text before it is acoustically treated. 

The presence of an audience may 
change the characteristics of a room 
considerably. Clothing is very effi- 

cient as an absorption material. 
Fig. 38 gives a general idea of the 

absorption coefficients of several typi- 
cal materials. (The figures given for 
people, wooden chairs, and for up- 
holstered chairs are absorption units 
per person or per chair, not absorption 
coefficients.) 

To take a practical example, let's 
suppose we have a small hall 100 feet 
by 20 feet by 10 feet high, which has 
a volume of 100 X 20 X 10 = 20,000 

cubic feet. Let's suppose it has a 
wood floor and plaster walls and ceil- 
ings. Let's also suppose there are 
about fifty wooden chairs in the hall. 

Fig. 39 shows the details of calcu- 
lating the absorption units present in 
the basic hall, using the average 
coefficients given in Fig. 38. There 
are 2000 square feet of floor space, 
and wood flooring has an absorption 
coefficient of .03, so the floor has a 
total of 60 units. A plaster wall 
around the room has a total area of 
2400 square feet; its absorption co- 
efficient is also .03, making its absorp- 
tion 72 units. The ceiling has a total 
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of 60 units and the chairs a total of 
8.5 units. The sum of all these is 
200.5, which we can round off .to be 
200 units. 

The volume of the room is 20,000 
cubic feet, so the time, as shown by 
the calculations, is five seconds. This 
is too long; Fig. 37 shows that it 
should be about 1.1 seconds for a 
room of this size if music is to be 
played in it. 

An audience of fifty people present 
in the chairs will change matters, be- 
cause the audience has an absorption 
of about four units per person or a 
total absorption of 200 units, which 

tion period is changed considerably. 
Our time of 1.17 seconds is now much 
better for a room of this size. With 
an audience adding 200 more units, 
the time is reduced to about one sec- 
ond, so this treatment is just about 
right. 

Of course, a treatment that involves 
hanging drapes completely around the 
room, installing a carpet over the 
whole floor, and changing from wood- 
en chairs to upholstered chairs cannot 
be described as a simple one. It may 
be less costly and more satisfactory 
in the long run to leave the floor and 
chairs alone and to have an acoustic 

Carpet: 
(100 x 20 = 2000) x .2 = 400 

Med. drapes on 
walls: 2400 x .13 = 312 

Plaster ceiling: 2000 x .03 = 60 
Upholstered chairs: 50 x 1.6 = 80 

852 
.05 x 20,000 

t = = 1.17 sec. 
852 

FIG. 40. How acoustical treatment affects the 
reverberation period of the room. 

cuts the time in half, or to 2.5 seconds. 
Therefore, this hall will have much 
better characteristics with an audi- 
ence than it has when empty. Even 
so, it still has too long a period. Using 
the formula for determining the ab- 
sorption units needed, we find that to 
produce a 1.1 -second period, we need: 

.05 X 20,000 
a - = 910 units 

1.1 
(approximately) instead of the 200 to 
400 we have. 

Covering the floor with carpet, 
hanging medium -weight drapes on the 
walls, and using upholstered chairs 
produces the effects shown by the cal- 
culations in Fig. 40-the reverbera - 

material applied to the wall or ceiling. 
If we were to cover the entire wall 
with Acousti-Celotex type C-4, the 
number of absorption units for this 
treatment alone would be 2376 (2400 
X .99). This would be too much and 
would make the room rather dead, 
because the reverberation period 
would then be only about .4 second. 
To come out around 700 units, so that 
with an audience (200 units) the pe- 
riod will be about one second, we need 
only about 600 feet of this acoustic 
material on the wall. Therefore, it is 
possible to hang several panels of this 
material at various points along the 
wall and thus deaden the room just 
as much as it would be deadened if 
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we were to hang drapes over all the 
walls and put a carpet on the floor. 

As you can see, there are a number 
of different things that can be done 
to change the reverberation period of 
a room. Initial costs, ease of applica- 
tion, and upkeep costs must all be 
considered in selecting a method of 
treatment. This is particularly true 
when a large auditorium is to be 
treated, because the cost of such a 
project may be very high. 

An auditorium intended to seat sev- 
eral thousand people is a difficult 
problem to treat acoustically because 
of the fact that the audience may 
vary in size from just a few people 
to a capacity crowd. There will ob- 
viously be a tremendous difference in 
the absorption of the auditorium un- 
der the two extreme conditions; if the 
treatment is such that the reverbera- 
tion period is correct when the audi- 
torium is filled to capacity, the rever- 
beration will be excessive when the 
audience is small. Usually the treat- 
ment for such an auditorium is cal- 
culated on the assumption that it is 
to be only moderately full. Then, as 
the audience varies around this aver- 
age, the period is made slightly higher 
or lower, but never varies as much as 
it would if we assumed either zero or 
a capacity audience. 

FOCAL POINTS AND DEAD SPOTS 

Another factor that must be con- 
sidered in planning a p.a. installation 
is the possibility that the shape and 
size of the room will cause unequal 

sound distribution over the floor area. 
An example of just such a room is 
shown in Fig. 41. The dome -shaped 
ceiling .of this auditorium provides 
sound paths that tend to concentrate 
the sound from the origin to a spot in 
the balcony. At this particular spot, 
the sound will be excessive. 

On the other hand, it is equally 
possible for the shape of the room to 
cause dead spots-points at which 
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FIG. 41. Sounds reflecting from various points on 
the curved ceiling of this auditorium are brought 
to a focus at a single small area in the balcony, 
making the volume level there considerably high- 

er than it is elsewhere. 

there is sound cancellation because 
the sounds arrive out of phase over 
two different paths. Such spotty re- 
sponses are not likely in small rooms 
but are quite common in large audi- 
toriums. In such cases, it is either 
necessary to treat the room acoustic- 
ally to break up these reflection points 
or to place the loudspeakers so that 
the sound is more evenly distributed. 
The latter method is usually prefer- 
able, since it is less difficult and ex- 
pensive than is changing the contour 
of a room. 
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Determining Acoustical Powers Needed 
From the foregoing section, you can 

see that there are a number of factors 
involved in determining how much 
acoustical power will be necessary to 
obtain the desired performance from 
a p.a. system in a given location. En- 
gineering methods can be used to cal- 
culate the exact power necessary, but 
the practical sound man seldom both- 
ers to make such elaborate computa- 
tions. Instead, he uses some table or 
graph that gives a general idea of the 
power that should prove suitable 
under average conditions. 

Most such published tables, which, 
incidentally, may be found in the lit- 
erature of the loudspeaker manufac- 
turers, assume that the reverberation 
period of the room is normal for its 
size and for the conditions that will be 
met. If you find upon examination 
that the room is not normal in this 
respect, a correction must be made to 
make the room suitable for a perma- 
nent sound installation. 

If the reverberation in the room is 
reasonable or is made so, we can find 
the power necessary if we know the 
volume of the room in cubic feet and 
the noise level that can be expected. 

Unless you are going to go to the 
expense of purchasing or renting a 
noise level meter to check the exact 
level, you will have to depend on the 
averages that have been found for 

installations that are similar. 
Tables, such as Figs. 42 and 43, 

give acoustic powers needed for par- 
ticular noise levels and room volumes. 
To use them, you will have to esti- 
mate or determine the noise; the 
tables then give the approximate 
acoustic power needed for a room 
having the area of the one in which 
you are interested. Notice that the 
minimum powers for the reproduction 
of speech or music are given-more 
power may be needed if the room is 
dead or if it is necessary to overcome 
dead spots or reflections in the room. 

Once you have determined how 
much power is needed, you will have 
to divide the number of acoustic 
watts by the speaker efficiency to get 
the electrical wattage the amplifier 
must supply. For example, if the 
acoustic power is .5 watt, and you are 
using ordinary cone loudspeakers, 
which are about 2% efficient, the am- 
plifier must have an output of 25 

.5 
watts of electrical power (- - 25). 

.02 
Generally, it is best to choose an am- 
plifier rated somewhat above this 
minimum, to allow for losses in the 
transmission lines, and for possible 
increases in the noise level. 

The tables in Figs. 42 and 43 are 
incomplete, since they cover only a 

Noise Level Area (sq. ft.) Area (aq. ft.) Area (aq. ft.) Area s ( 9 ft.) Area 0 (db) 500-2000 2000-5000 5000-10,000 10,000-3O,000 30,000-7.7 0,,0000 0 Above Assumed Room Assumed Room Assumed Room Assumed Room Assumed Room Threshold Height (ft.) Height (ft.) Height (ft.) Height (ft.) Height (ft.) of Hearing 10-15 15.20 20-25 25-35 35.50 
70 0.001-0.004 0.004-0.010 0.010-0.019 0.019-0.056 0.056-0.126 
80 0.012-0.044 0.044-0.100 0.100-0.199 0.199-0.562 0.562-1.26 
90 0.126-0.447 0.447-1.0 1.0-1.99 1.99-5.62 5.62-12.6 

100 1.26-4.47 4.47-10.0 10.0-19.9 19.9-56.2 

Courtesy John F. Rider 
FIG. 42. Minimum acoustic power in watts required to override noise for reproduction of speech 

only in indoor coverage areas indicated. Areas are in square feet. 
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Noise Level Area (sq. ft.) Area (sq. ft.) Area (sq. ft-) Area (sq. ft.) Area (sq. ft.) 
(db) 500-2000 2000-5000 5000-10,000 10,000-30,000 30,000-70,000 

Above Assumed Room Assumed Room Assumed Room Assumed Room Assumed Room 
Threshold Height (ft.) Height (ft.) Height (ft.) Height (ft.) Height (ft.) 
of Hearing 10-15 15-20 20-25 25.35 35-50 

70 0.039-0.141 0.141-0.316 0.316-0.631 0.631-1.78 1.78-3.98 

80 0.398-1.41 1.41-3.16 3.16-6.31 6.31-17.8 17.8-39.8 

90 3.98-14.1 14.1-31.6 31.6-63.1 

Courtesy John F. Rider 

FIG. 43. Minimum acoustic power required to override noise for normal p.a. requirements for 

speech and music reproduction in indoor coverage areas indicated. Areas are in square feet. 

few noise levels. However, the trend 
of powers is obvious, so you can fill 

in for lower or higher noise levels by 
the simple process of dividing or mul- 
tiplying by a factor of 10 for each 10 

db decrease or increase in noise. 
In attempting to estimate the 

amount of noise, you can use tables 
like that shown in Fig. 35 or charts 
that you obtain from loudspeaker 
manufacturers. Such loudspeaker 
charts give usual noise levels and the 
power needed for various room vol- 
umes when using certain particular 
loudspeakers. These charts apply only 
to the loudspeakers made by that 
manufacturer-you should obtain the 
one for the brand in which you are 
interested, because differences in effi- 

ciencies and coverage angles exist that 
make them wrong for other brands. 

Let's sum up what we have learned 
about calculating how much power is 

needed for an indoor installation. 
First, you must determine whether 
the room has the proper reverberation 
period or needs acoustic treatment. 
Then, from a table or chart, you must 
find how much acoustic power is 

needed for a room of the size of the 
one with which you are concerned, 
taking into consideration the iverage 
noise level of the room anu whether 
music and speech, or speech alone, is 

to be carried by the p.a. system. 
Naturally, even more acoustic power 
is needed for the high-fidelity repro- 
duction of music than is necessary for 

ordinary dance music or for speech. 
To convert acoustic power into 

electrical power, you must know the 
efficiencies of the loudspeakers you 
intend to use. As we said earlier, cone 
loudspeakers are commonly consid- 
ered to be 2% efficient in baffles and 
5% efficient in projectors. By divid- 
ing the acoustic power level (in 
watts) by the speaker efficiency (ex- 
pressed as a decimal), you will find 
the electrical power needed. 

SOUND OUTDOORS 
We have no reverberation problems 

outdoors but do have the problem of 
rapid attenuation of the sound. Since 
there are no walls to reflect energy 
back to the audience, sound power 
goes down 6 db for each doubling of 
the distance from the loudspeakers to 
the listener. 

Horn loudspeakers are generally 
used in these installations. The horns 
may have either narrow or wide cov- 
erage angles, depending on the instal- 
lation. Both types have their advan- 
tages and disadvantages. Horns with 
wide coverage angles cover a larger 
area, but since the sound is spread out 
over this area, it is weaker at any 
distance from the horn than it would 
be for a horn with a narrower cov- 
erage angle. On the other hand, if we 
use narrow -angle horns and must 
cover a wide area, we have to use 
more of the horns to cover this area 
properly. 
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Noise 
Level 
(db) 

10-90 ft. 30-75 ft. 75-150 ft. 150-300 ft. 300-500 ft. 500-1000 ft. 

70 0.002-0.017 0.017-0.112 0.112-0.501 0.501-1.78 1.78-5.01 5.01-20.0 
80 0.020-0.178 0.178-1.12 1.12-5.01 5.01-17.8 17.8-50.1 
90 0.200-1.78 1.78-11.2 11.2-50.1 

100 2.0-17.8 17.8-11.2 

Courtesy John F. Rider 
FIG. 44. Minimum acoustic power required to override noise for reproduction of speech outdoors for coverage of indicated distance in feet. A coverage angle of 30' is assumed. More power is required if larger angles of coverage are used. 

Fig. 44 shows a table for determin- 
ing the sound power necessary out- 
doors. Notice that the table is for a 
certain specified coverage angle of 
the horn. 

A comparison of Fig. 44 with Figs. 
42 and 43 shows that the acoustic 
power needed outdoors is far higher 
than it is for indoor installations. 
However, since horns have a 15% 
efficiency, the actual electrical power 
increase needed is not as great as you 
might at first imagine. For example, 
if the indoor acoustic power needed is 
1 watt, and 2% efficient loudspeakers 
are used, 50 electrical watts are neces- 
sary. With a 15% efficient loud- 
speaker, 1 acoustic watt is obtained 
from only about 6 electrical watts, 
however. Fifty watts delivered to 
15% efficient loudspeakers will de- 
liver as much as 7.5 acoustical watts, 
which is a respectable amount of 
sound power. 

PLACING LOUDSPEAKERS 
Either indoors or outdoors, once we 

decide on the electrical power that 
will be needed, we must then deter- 
mine both from the power level and 
from the surrounding conditions the 
number of loudspeakers that will be 
needed. Cone loudspeakers are avail- 
able in various power -handling capac- 
ities from as low as 1 watt to perhaps 
40 watts. If the necessary amplifier 
power level is higher than one loud- 

speaker can handle, then obviously 
more than one must be used. Most 
driver units are rated at about 25 
watts, but they operate satisfactorily 
from powers as low as 6 to 8 watts. 
However, if the output from the am- 
plifier is greater than 25 watts, again 
more than one loudspeaker is needed. 

Extra loudspeakers may be needed 
to give the proper coverage for the 
area. There are locations at which 
it is best to use a number of loud- 
speakers and divide the sound for bet- 
ter dispersion. In some instances, 
such as when sound is distributed to 
hotel or hospital rooms, this is a nec- 
essity-a small loudspeaker must be 
placed in each room, which of course 
means that there will be quite a num- 
ber of loudspeakers. 

Even when the major sound distri- 
bution comes from one or two large 
loudspeakers located near the source 
of sound, a few supplementary loud- 
speakers may be necessary to take 
care of spots that would otherwise be 
dead. 

Incidentally, when the loudspeaker 
is in the room in which the perform- 
ance is occurring, it is considered 
good practice to get the loudspeakers 
somewhere near the source of sound, 
so that the sound will apparently be 
coming from its source. This, of 
course, introduces the problem of 
feedback to the microphone through 
the air, which means that the loud - 
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speakers must be so enclosed or so 
positioned that the feedback will not 
be excessive. 

Of course, this does not mean that 
all the loudspeakers must be grouped 
in one place. Even if the main ones 
are so grouped, there may have to be 
supplementary loudspeakers to feed 
sound into dead spots, under bal- 
conies, etc. 

When you are feeding sound into 
rooms other than the one in which the 
performance is occurring, you do not 
have to worry about feedback to the 
microphone. It is possible to use a 
single cluster of loudspeakers in such 
a room, but because sound may be 
excessively loud near the loudspeakers 
and too weak farther away, it is more 
common in this kind of installation to 
scatter the loudspeakers about. The 
only problem here is to make sure 
that the coverage is approximately 
uniform over the entire room. 

We will go into greater detail on 
loudspeaker placement when we take 
up typical installations elsewhere. 
For now, let's cover a few general 
rules that will prove helpful in any 
installation. 

Loudspeaker Phasing. When more 
than one loudspeaker is used in a 
cluster, it is important that the voice 
coils be conñected so that the sounds 
from these loudspeakers are in phase. 
If the loudspeakers are outwardly 
identical, you can usually assume that 
the connections from the voice coil to 
the terminals on the loudspeaker are 
the same on each, and you can con- 
nect similar terminals together when 
the loudspeakers are in parallel, as 
shown in Fig. 45A. Fig. 45B shows 
the proper way to connect loud- 
speaker voice coils in series. 

It is always possible, however, that 
the manufacturer has reversed one of 
the windings; if so, neither of these 
connections will be right for these 

particular loudspeakers. When the 
loudspeakers are out of phase, the 
sound from them tends to cancel. 
Therefore, the correct in -phase con- 
nection will be the one that gives the 
louder response for the same fixed 
input. If there is any doubt about 
this, you can make the simple test of 
listening to the loudspeakers while 
you reverse the connections to one of 
them. 

You don't have to worry about the 
phase of loudspeaker connections 
when the loudspeakers are very wide- 
ly separated, particularly when they 
are outdoors. 

FIG. 45. Proper method of connecting loud- 
speaker voice coils in parallel (A) and in 

series (B). 

Coverage Angles. Loudspeakers in 
box baffles have fairly wide coverage 
angles at low frequencies, but the 
angle of coverage for the middle and 
high frequencies is more restricted. 
For this reason, loudspeaker place- 
ment may become rather critical. If 
it is desired to have the sound appar- 
ently come from the source on a stage, 
the loudspeakers should preferably be 
mounted above the stage and should 
be tilted downward to point toward 
the audience. If there are two loud- 
speakers, better results can be ob- 
tained by placing them to the right 
and left of the center of the stage, 
turning them so as to give the greatest 
coverage. 

If a room is to be covered by a 
series of separated loudspeakers in- 
stead of by a centralized group, you 
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can either locate them along the 
longer wall or use ceiling loudspeakers 
that have 360° coverage. Incidental- 
ly, when loudspeakers are located 
along a wall, they should never be 
more than about 40 feet apart; if they 
are more widely separated than this, 
there will tend to be an echo effect 
as sound comes to listeners from dif- 
ferent loudspeakers. 

In general, outdoors, it is prefer- 
able to have the loudspeakers in a 
single cluster if possible. Of course, 
it may not be possible to use a single 
cluster. In football stadiums, for ex- 
ample, it may be necessary to string 
the loudspeakers around so that each 
covers a portion of the audience. 

MICROPHONE PLACEMENT 

The proper placement of micro- 
phones is often a problem. Of course, 
if voice is being picked up, it is com- 
mon practice to have the microphone 
directly in front of the person speak- 
ing. Stage presentations, however, 
often require not only that the sound 
be picked up over a wide area but 
also that the microphone be con- 
cealed. Generally, in such cases, from 
two to four microphones are located 
in the footlight region of the stage, or 
several microphones are suspended 
from above the stage so as to cover 
as much of the area as possible. 

When instrumental music is to be 
picked up, it is often necessary to 
locate the microphone or microphones 
very carefully with respect to the va- 
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FIG. 46. Practical microphone placements for 
picking up (A) a 2 -piano team, (B) a small salon 

orchestra, and (C) a dance orchestra. 

rious instruments being used. Several 
typical examples are shown in Fig. 
46. In cases of this kind, the only 
practical way to find the right micro- 
phone positions is to be present at a 
rehearsal and try various positions 
until the proper ones are found. 
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THE MAN WHO COUNTS 
The man who counts is the man who is decent and who 

makes himself felt as a force for decency, for cleanliness, 
for civic righteousness. First, he must be honest. In the 
next place, he must have courage; the timid man counts 
but little in the rough business of trying to do well the 
world's work. In addition, he must have common sense. 
If he does not have it, no matter what other qualities he 
may have, he will find himself at the mercy of those who, 
without possessing his desire to do right, know only 
too well how to make the wrong effective.-Theodore 
Roosevelt. 

This statement of Theodore Roosevelt's has always 
appealed to me as being a very sound piece of practical 
advice. Read it carefully. It can be of real value to you. 
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APPLYING a video signal between 
the grid and the cathode of the pic- 

ture tube varies the number of electrons 
in the beam through the picture tube 
and thus varies the brightness of the 
spot struck by the beam on the face 
of the picture tube. As a result, the 
brightness of the spot at any instant 
corresponds to the light level at some 
point on the mosaic of the camera 
tube from which the video signal origi- 
nates. To reconstruct the original 
scene, we must move (or sweep) the 
picture -tube beam across the face of 
the tube line by line in synchronism 
with the scanning of the camera tube 
so that the spot of varying brilliance 
will always be at the right point in the 
picture. Only in this way can we re- 
construct the scene from its elements 
into a complete picture. 

The human eye is capable of seeing 
an entire scene at one time because 
each tiny portion of the scene is car- 
ried over a separate nerve path to the 
brain. There are thousands of nerve 
channels from the eye to the brain, so 
it is possible for the brain to recon- 

SWEEP 
CIRCUITS 

POWER 
SUPPLIES 

struct an entire scene from the individ- 
ual elements delivered to it over each 
nerve path. In television, it is impos- 
sible to transmit an entire scene as a 
single unit this way, because there 
would have to be a separate channel 
for each element of the picture. In- 
stead, a televised scene is broken up 
into its individual elements, which are 
sent consecutively. 

When the transmitter has sent a 
signal corresponding to all the ele- 
ments along one line, it starts to send 
one that corresponds to those of the 
next line. Therefore, we must have 
some means of moving the electron 
beam within the picture tube across 
the face of the tube as each line signal 
is received and some way to move it 
down the face so it will be in position 
for the next line. In this way, we can 
reassemble the signals from the vari- 
ous scene elements in their proper 
order to give us a picture. 

To get a picture, therefore, we must 
have a spot whose brightness corre- 
sponds to the brightness of an element 
in the original scene, and we must 
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also have a sweep system that will 
move this spot to the proper point on 
the face of the tube. 

The range of adjustment of the 
brilliancy control is limited so that as 
long as the beam is in motion and the 
energy in the beam is distributed over 
the face of the tube, there is no danger 
of burning the fluorescent screen mate- 
rial. If the beam is allowed to stand 
still, however, all the energy of the 
beam will be delivered to a single spot 
rather than spread over the entire tube 
face. That particular spot will be 
burned so that it can no longer 
fluoresce and hence will no longer 

FIG. 1. Basic design of an electrostatic 
tube. 

produce light. Therefore, we must 
have a sweep system that will keep 
the electron beam in motion whether 
we have a signal or not. Then, when 
a signal is tuned in, the sweep system 
must fall under the control of the sync 
pulses that accompany the video sig- 
nal, so that the lines can be made to 
start at the proper time. Before going 
on to learn more about sweep systems, 
let's see how the beam is moved in- 
side the picture tube. 

DEFLECTION METHODS 
As you learned in your study of the 

picture tube, there are two basic meth- 
ods of deflecting the electron beam. 

In one, sweep voltages are applied to 
deflecting plates within the picture 
tube; in the other, sweep currents are 
applied to deflection coils that are 
around the neck of the tube. Let's 
briefly review these. 

Electrostatic Deflection. Fig. 1 

shows the basic design of an electro- 
static tube. The plates labeled V, 
and V2 are used to deflect the electron 
beam vertically, and those labeled H, 
and H2 are used to deflect the beam 
horizontally across the face of the 
tube. These sets of plates get their 
names from the directions in which 
they deflect the beam and not from 
their physical positions. (Notice that 
the horizontal deflection plates are 
vertically mounted and the vertical 
deflection plates are horizontally 
mounted.) 

Since the electron beam consists of 
negative particles, it will be attracted 
toward any positive element within 
the tube. Therefore, let's assume that 
we are facing the front of the tube 
and have the conditions illustrated in 
Fig. 2. Let's first just apply a voltage 
between the horizontal deflecting 
plates HI and H2 that makes the 
plate Hi positive, as shown in Fig. 2A. 
The electron beam (indicated by a 
dot) will move toward this plate, the 
distance it is moved depending on the 
voltage applied between the plates. 

(Of course, the distance the beam is 
moved also depends on its stiffness, 
which is determined by the accelerat- 
ing voltage applied to the second 
anode.) 

If we reverse the polarity (Fig. 2B), 
the electron beam will move toward 
plate 112. Therefore, if we alternately 
make first one and then the other plate 
positive, the electron beam will be 
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FIG. 2. How the electron beam is swept across the face of an electrostatic tube. 

swept back and forth as shown in Fig. 
2C, thus producing a line. 

Similarly, the electron beam can be 
deflected up and down by voltages ap- 
plied to the vertical deflecting plates 
Vi and V2, as shown in Figs. 2D, E, 
and F. When the proper voltages are 
applied to both sets of plates, the elec- 
tron beam will be swept over the entire 
tube face, as shown in Fig. 3. 

Electromagnetic Deflection. The 
other system of deflection makes use 
of a magnetic field set up by two sets 
of coils (called deflecting coils) that 
are at right angles to each other. The 
moving stream of electrons within the 
picture tube constitutes a current flow, 

and therefore it has a magnetic field 
associated with it. As these electrons 
flow through the magnetic field set up 
by the coil systems, the interaction 
between the field of the electron beam 
and that of the coils will cause the 
electron beam to move. For any par- 
ticular accelerating voltage, the dis- 
tance of movement will depend on the 
strength of the magnetic field of the 

deflecting coils, which is proportional 
to the current through them. 

The vertical deflecting coils are 
mounted horizontally, and the hori- 
zontal or line deflecting coils are 
mounted vertically. The two sets of 
coils are arranged as shown in Fig. 
4A when you look from the face of 

the tube toward the cathode. These 
coils are actually wound flat (Fig. 4B) 

FIG. 3. This enlargement of a section of 
a TV picture shows that it is made up of a 
series of lines of varying brightness sep- 
arated by fine black spaces. (Look at it 
from 10 feet away and you will see that 

the lines blend together.) 
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FIG. 4. How an electromagnetic deflect- 
ing yoke is made. 

and then curved as shown in Fig 4C. 
Then the two sets are interleaved 
(Fig. 4D) into a single yoke assembly 
that slips around the neck of the pic- 
ture tube. 

With this brief explanation of the 
actual mechanics of getting the elec- 
tron beam to move, we can now return 
to a study of the shape of the sweep 
signal that is needed and can learn 
more of its characteristics. Keep in 
mind that the deflection in an electro- 
static deflection system is proportional 
to voltage, whereas the deflection in 
an electromagnetic deflection system 
is proportional to current. This im- 
portant difference has much to do with 
the design of the sweep circuits, as 
we shall show later in this Lesson. 

THE SCANNING SIGNAL 
If we were interested only in pro- 

tecting the fluorescent coating of the 
tube by causing the electron beam 
to be swept over the entire face, we 

should not have to worry much about 
the shape of the scanning signal. Since 
we are going to reproduce a picture, 
however, it is very important that the 
scanning signal have exactly the same 
characteristics as the signal that is 
used to sweep the face of the pickup 
tube at the transmitter. The control 
pulses that come from the transmitter 
determine only the frequency or rate 
at which the scanning occurs, not the 
wave shape. Fortunately, however, 
as we will show shortly, it is rela- 
tively easy to get the right scanning 
wave shape in the receiver. 

At both the receiver and the trans- 
mitter, the scanning signal must move 
the electron beam linearly with re- 
spect to time. If the scanning signal 
is non-linear, so that the beam deflec- 
tion is slow part of the time and fast 
the rest of the time, more electrons 
will hit the spots over which the beam 
travels slowly and less will hit those 
over which the beam travels quickly. 
The brightness of a spot on the tube 
face depends on the number of elec- 
trons hitting it; therefore, non -linear- 
ity in the scanning signal will produce 
brightness variations in the raster 
(the pattern formed when no picture 
is being received). If we use a sine - 
wave signal for scanning, for example, 
the beam will move slowest at the left 
and right of the screen and fastest 
in the middle, with the result that 
the raster will be dim in the middle 
and excessively bright at the sides. 

To get an even distribution of the 
brilliancy, the scanning signal must 
change so that the distance moved 
by the beam is exactly proportional 
to time, as shown in Fig. 5A; the 
"curve" followed by the signal must 
be a straight line. This means that 
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the rate of movement of the beam 
across the screen should be absolutely 
uniform; if it moves a certain distance 
in a certain time, it should move twice 
as far in twice the time. 

Once we have moved the electron 
beam from left to right across the 
face of the tube, we must then get it 
back to the left to start the next line. 
The ideal action would be to make 
the electron beam snap back to the 
left instantly, because then the full 
scanning time could be used to trans- 
mit a signal. In this case, the move- 
ment of the beam would be as repre- 
sented in Fig. 5B. The electron beam 
would move steadily from the left (L) 
through the center (C) to the right 
(R) as the scanning signal changed 
from W to X. At point X, the end 
of one line would be reached. In- 
stantly, the electron beam would move 
from the right to the left as the scan- 
ning signal snapped from X to Y. 
The beam would then be back in the 
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FIG. 5. Evolution of a saw -tooth scanning 
signal. 

same relative position at the left of 
the tube face as it was at W. The 
next line would then be scanned from 
Y to Z, and so on. 

Unfortunately, such a very abrupt 
change in the position of the electron 
beam from right to left would call for 
extremely high -frequency components 
in the scanning signal, which would 
not be easy to handle. In practice, 
therefore, a certain amount of time 
is allowed for the beam to move back 
to the left-hand side of the screen; a 
scanning signal having the shape 
shown in Fig. 5C is used. (This is 
called a "sawtooth" wave, because its 
shape is somewhat like that of a tooth 
on a handsaw.) Notice that the "re- 
trace" signal from X to Y (that is, 
the signal that moves the beam from 
right to left on the picture tube face) 
now has an appreciable slant. Al- 
though the retrace (X to Y) is faster 
than the scan (W to X), it neverthe- 
less takes an appreciable length of 
time to make the retrace. It is stand- 
ard practice to arrange for the retrace 
from X to Y to occur in about 8% to 
10% of the total time required to re- 
produce one line. This means the 
scanning from left to right (W to X) 
must now occur somewhat faster than 
it did in Fig. 5B to complete each line 
in the same line period. This is indi- 
cated by the fact that X in Fig. 5C 
occurs sooner than in Fig. 5B. 

To prevent the retrace (X to Y) 
from being seen as a streaky line from 
right to left, the screen of the picture 
tube is blanked out by the blanking 
pedestal and the sync pulses that ac- 
company the signal. To be sure that 
the retrace will occur during this 
blanking, the retrace is started slightly 
after the blanking has begun and is 
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finished well before the blanking pe- 
riod ends. This means that the blank- 
ing period, which uses up 14% of the 
time allotted to the reproduction of 
one line, cuts a slight amount off each 
line at both ends. 

Of course, we don't want the lines 
to occur right on top of each other- 
they must be spaced down the tube 
face so that each line will be below 
the one preceding. Therefore, a ver- 
tical scanning signal is applied to the 
beam simultaneously with the line, or 
horizontal, scanning signal. As a re - 

FIG. 6. Defects caused by scanning signal 
variations. 

sult, the beam is moved slowly down- 
ward as it moves across the screen 
during the transmission of a single 
line, producing a slight slant in each 
line. Then, when one line is finished 
and the retrace (or "flyback," as it is 
sometimes called) snaps the beam 
back to the beginning of the second 
line, the second line will occur under- 
neath the first. 

The vertical scanning signal has 
exactly the same shape as the hori- 
zontal or line scanning signal. The 
only basic difference between them is 
that the vertical scanning occurs at 

a much lower frequency. Under pres- 
ent standards, there are 525 lines for 
each complete frame of the television 
signal, and there are thirty frames per 
second. Because of the use of inter- 
laced scanning, this is broken so that 
there are 262.5 lines per field, and 60 
fields per second. Therefore, the 
frequency of the line scanning signal 
is 15,750 cycles per second (262.5 X 
60), and the field frequency is 60 
cycles per second. 

Let's sum up what we have learned. 
To produce the desired scanning, we 
must use two scanning signals, one 
that will move the electron beam at 
a constant velocity along each line, 
and one that will move it downward 
to produce succeeding lines. The lines 
must be linear with respect to time, 
and both the scanning and retrace 
must be identical from line to line. 
Finally, we must control either the 
number of lines or the frequency 
(which effectively controls the length 
of each line) . This control is produced 
with the aid of the synchronizing 
pulses sent out with the video signal. 

Fig. 6 shows the effects of several 
possible variations in the scanning 
signals. In Fig. 6A, for example, we 
have a nonlinear horizontal scanning 
signal. Since it moves the beam, 
slower at the left and faster at the 
right, the picture appears brighter at 
the left side. In Fig. 6B, the hori- 
zontal scanning signal moves the beam 
at the normal rate first, slows it down 
near the center of the picture, then 
moves it much faster than normal, and 
finally makes it travel at the normal 
rate again; this produces a bright 
vertical area followed by a dark ver- 
tical area in the center of the picture. 
Fig. 6C shows the effect of one kind 
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of non -linearity in the vertical scan. 
Here the vertical signal is such that 
the beam moves at the normal rate 
first; then it moves slowly, producing 
closely spaced lines; then it moves 
rapidly, widening out the spacing; and 
finally it moves at the normal rate 
again.* Fig. 6D shows what happens 
if each horizontal scanning signal is 
not the same length; as you see, a 
ragged edge is produced at the right. 
These are not, of course, the only 
troubles that might occur. 

In this introduction, we have shown 
that the scanning signals or sweep 
signals must have a certain basic 
shape. Although these signals exactly 
duplicate the sweeps used at the trans- 
mitter, they are formed in the tele- 

vision receiver: the synchronizing 
pulses that accompany the signal from 
the transmitter serve only to signal the 
end of a line and thus start the retrace 
for the next line. As a matter of fact, 
the sweep circuits must operate all the 
time (whether a signal is tuned in or 
not) to protect the picture tube. 
Therefore, a television receiver must 
contain circuits that will generate the 
proper sweep signals at approximately 
the right frequencies by themselves. 
In addition, these circuits must be 
arranged so that they can be locked in 
with the synchronizing pulses when 
a signal is received. In this Lesson 
we shall cover only the production of 
the sweep signals-their synchroniza- 
tion will be covered in another text. 

Generating a Saw -Tooth Voltage 
The oscillators you have studied in 

other Lessons all generate either a sine 
wave or some form of square -wave 
signal. To get from such oscillators 
the saw -tooth sweep signal we need, 
therefore, we must use a wave -shaping 
circuit. Fortunately, it is simple to 
get the desired saw -tooth by taking 
advantage of the manner in which a 
condenser charges through a resist- 
ance. Let's see how. 

SAW -TOOTH GENERATORS 
To see how it is possible to get a 

saw -tooth wave, let's start with the 
circuit shown in Fig. 7A. Suppose we 
first close switch SWl (leaving SW2 
open). At the instant SW' is closed, 
current will start flowing through the 
circuit. However, the battery voltage 
will not appear instantly across the 

condenser. It takes the condenser a 
certain length of time to charge; this 
time is determined by the values of 
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7. A basic saw -tooth generator. 
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resistance and capacity in the circuit. 
(As you know, the product of the 
resistance and the capacity is called 
the time constant of the circuit; it is 

equal to the time it takes the con- 
denser to charge to 63% of the maxi- 
mum voltage it can reach in that 
circuit.) 

The left-hand curve in Fig. 7B 

shows how the voltage across the con- 
denser varies with time. At the in- 
stant that SW1 is closed, the voltage 
across condenser C1 builds up almost 
linearly with time. However, as C1 

becomes charged, the rate of charging 
gradually tapers off. 

FIG. 8. Discharge circuit having a saw - 
tooth output. 

We aren't at all interested in the 
full -charge condition, nor in any of 

the portion of the curve above the 
point (a) where it bends. However, 
the fact that the first portion of this 
curve is reasonably linear makes it 
possible for us to get our saw -tooth 
voltage. 

All we need to do is open SW1 and 
close switch SW2 after Cl reaches an 
appreciable charge. C1 will then be 
discharged through the short-circuit 
path provided by SW2. If we then 
open SW2 and close SW1 again just 
when C1 is completely discharged, it 
will charge again. 1f we repeat the 

action over and over, we will get the 
series of curves shown at the right 
in Fig. 7B. Therefore, if we operate 
over the linear portion of the charging 
curve of the condenser and use the 
right value of resistance for R1, we can 
get a saw -tooth voltage. 

Of course, it isn't practical to use 
mechanical switches this way. In- 
stead, we use electronic switching. 

DISCHARGE CIRCUIT 
In another Lesson, you learned that 

a special gas -filled tube was used as 
a sweep generator with cathode-ray 
tube test equipment. Such tubes are 
unsatisfactory for television, however, 
because the tube characteristics change 
with age and are affected by tem- 
perature. 

Therefore, in television, the "switch" 
we need to discharge the condenser is 
provided by a vacuum tube that is 

biased so that plate current is cut 
off and the tube cannot conduct until 
a sufficiently large pulse is applied to 
the grid. Fig. 8 shows the basic cir- 
cuit. 

In the absence of an applied signal, 
the C bias prevents the tube from con- 
ducting, so C1 charges through R1. 

When an unblocking pulse is applied 
to the grid, the grid is driven suffici- 
ently positive for the tube to conduct; 
C1 then discharges through it. As 
soon as the unblocking pulse is re- 
moved, the tube cuts off, and C1 begins 
to charge again. The rate of discharge 
and hence the retrace time depend on 
how far positive the grid is driven; 
an unblocking pulse of sufficient am- 
plitude will cause the tube to conduct 
heavily so that C1 will be rapidly dis- 
charged. 

In this circuit, the discharge time 
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can be made short, and the operation 
is relatively independent of the tube 
characteristics and of temperature 
variations. However, it does have a 
very important disadvantage: this cir- 
cuit is not free -running. In other 
words, the circuit will not produce a 
sweep voltage at all until unblocking 
pulses are fed to it. Therefore, we 
cannot use the circuit shown in Fig. 8 
by itself, because we would have no 
sweep until the proper signal voltage 
was applied to the grid of the tube. 

Another difficulty with this circuit 
is . that it is greatly dependent upon 
the amplitude and duration of the un- 
blocking pulse fed to it. This means 
that we cannot operate it directly from 
the sync pulses that accompany the 
signals, because these pulses may vary 
in either amplitude or duration. For 
instance, the sync pulse may be small 
if the signal is weak: a small pulse 
would not make the tube conduct 
heavily, which means that Cl would 
not discharge completely before the 
pulse ended. On the other hand, the 
sync pulse might be increased either 
in height or in width by, let us say, 
noise pulses: a wide pulse would make 
the tube conduct for a longer period 

of time than is desired, thus delaying 
the start of the next line. 

Both these difficulties are overcome 
in television sets by using this circuit 
in conjunction with an oscillator that 
feeds it regulated unblocking pulses. 
This makes the sweep generator free 
running because the oscillator works 
whether there is a signal tuned in or 
not, and the pulse amplitudes are inde- 
pendent of the incoming signal. In 
such use, the circuit shown in Fig. 8 
is known as a wave shaper, or as a 
discharge circuit. Some manufacturers 
call it the saw -tooth generator, but 
most reserve the name saw -tooth gen- 
erator for the combination of oscil- 
lator and discharge circuit. 

Basically, therefore, the sweep gen- 
erator in the average television re- 
ceiver consists of an oscillator that 
operates all the time plus a discharge 
circuit that produces a saw -tooth wave 
from whatever the output of the 
oscillator may happen to be. The 
sync signal is used to control the fre- 
quency of the oscillator and thus to 
control the output of the shaping cir- 
cuit. 

Now, let's study the oscillators used 
in these sweep generators. 

Basic Sweep Oscillators 
The standard oscillator with which 

you are familiar produces sine -wave 
oscillations. Other basic types are 
usually set up to produce square -wave 
outputs. Neither of these wave shapes 
is ideal for operating a discharge cir- 
cuit, because we want pulses having 
shapes somewhat like the sync pulses. 

In addition, we want these pulses all 
to be of the same amplitude and the 
same width so that the discharge oir- 
cuit will always operate in the same 
manner, line after line and frame after 
frame. 

Blocking oscillators and multi - 
vibrator oscillators, which have the 
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ability to produce pulses of the right 
kind, are most commonly used in 
television sweep generators. It is also 
possible to use a sine -wave oscillator 
in a sweep generator circuit, as we 
shall show after we have described 
these basic pulse -producing oscillators. 

BLOCKING OSCILLATORS 
In television, one of the most fre- 

quently used oscillators for producing 
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FIG. 9. Schematic diagram of a blocking 
oscillator. 
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the discharge of unblocking pulses is 
the blocking oscillator shown in 
Fig. 9A. 

The circuit associated with VT1 

here looks at first glance like an ordi- 
nary oscillator, and as matter of fact 
it is basically a standard sine -wave 
oscillator except for the unusual values 
chosen for the grid condenser C2 and 
the grid resistor R2 -R3. These parts 
values are so high that the oscillator 
blocks and is forced to operate inter- 
mittently. Notice that the voltage 

across the grid resistor furnishes the 
unblocking pulses that constitute the 
output of the circuit. 

The oscillator operation may be ex- 
plained briefly as follows, using Fig. 
9B to represent the changes in the 
grid voltage: 

Initially, plate current flowing 
through transformer T1 induces a 
voltage in the grid that drives the grid 
highly positive. In other words, the 
circuit starts to oscillate vigorously. 
At the same time, this positive -swing- 
ing grid voltage makes the grid draw 
a high current; as a result, electrons 
flow through Rz and Rs and develop 
a voltage across them having the 
polarity shown in Fig. 9A. This cur- 
rent flow also charges Cz to a voltage 
that is far beyond the cut-off bias for 
the oscillator tube VT1. 

The grid -voltage curve in Fig. 9B 
shows what happens. Initially, the 
positive pulse (point 1 to point 2) ap- 
pears on the grid. When the grid 
swings in a negative direction to point 
3, it is far beyond the cut-off level. 
As soon as the grid voltage falls below 
the cut-off level, the plate current is 
cut off completely, and no further cur- 
rent can flow until the grid voltage 
once again gets above the cut-off level. 
However, when the plate current is 
cut off, no further voltage is applied 
to the grid, so the grid current ceases. 
As a result, condenser C_ can dis- 
charge through the resistors R1, R2, 

and R3j and through the secondary of 
transformer Ti. The resistances of 
R1 and of the transformer secondary 
are small, so the time it takes con- 
denser C2 to discharge depends mostly 
on its capacity and on the values of 
resistors R2 and Re. Therefore, the 
rate of change from point 3 to point 

10 



4 in Fig. 9B is determined by the time 
constant of 02 -R2 -R3. 

As soon as 02 has discharged suffi- 
ciently for the grid voltage to be above 
the cut-off level, plate current will 
again start. The feedback to the grid 
circuit will then instantly build up 
another positive pulse from 4 to 5, 

and the action will repeat itself. The 
high grid current will produce a bias 
that will once again block the circuit 
for a time represented by the distance 
from point 6 to point 7 in Fig. 9B. 

Here, therefore, we have a circuit 
that will produce a pulse and will 
then cut off. The spacing between 
the pulses is determined by the time 
constant of the grid leak and grid 
condenser. The pulse width and 
height are basically determined by 
the initial frequency of oscillation 
and by the supply voltages. The 
shape and size of this pulse will there- 
fore remain relatively fixed once the 
frequency and the voltages have been 
set. 

The frequency at which this oscilla- 
tor would oscillate if more normal 
grid -leak and grid -condenser values 
were used is relatively immaterial 
except for its effect in fixing the shape 
of the pulse. Generally, it is chosen 
(by choice of transformer inductance 
and distributed capacity) to be some 
frequency about 10 or more times as 
high as the spacing wanted between 
pulses, thus making the pulses narrow. 

Since the spacing between the pulses 
and hence the sweep time is deter- 
mined by the time constant of C2 -R2 - 
R3, the variable resistor R. acts as an 
adjustable frequency control. This is 
usually known as a "hold" control, 
because proper adjustment of this 
resistor to a value that produces 

nearly the right frequency will cause 
the oscillator to lock in with the sync 
pulses. 

How lock -in is produced is shown 
in Fig. 9C. The frequency of oscilla- 
tion determined by the R -C time con- 
stant is made slightly longer than is 

desired. Then, when a sync pulse 
comes along at Sl (between points 3 

and 4 on the grid voltage curve), it 
will instantly force the grid to a point 
above cut-off. Plate current will start 
to flow at once, so the positive pulse 
produced by the circuit will occur at 
the same time as the leading edge of 
the sync pulse. Instead of the grid 
voltage changing from 3 to 4 to 5, 
in other words, it changes from 3 to S1 

to 10. The grid voltage pulse is pro- 
duced exactly as before; it is again 
controlled by the 02 -R2 -R3 time con- 
stant until the next sync pulse S. ar- 
rives, when once again the circuit is 
kicked off in synchronism with the 
pulse. 

Notice that all that the sync pulse 
has to do to produce lock -in is to drive 
the grid of VT, slightly above the cut- 
off level. Once this has been done, the 
oscillator will take off by itself. The 
height and width of the sync pulse are 
unimportant as long as it is high 
enough to drive the grid of VT, above 
cut-off. 

The hold control, R3, must be set so 

that the frequency of the circuit will 
be lower than the desired frequency. 
The sync pulses will then take over 
and force the blocking oscillator to 
lock in with each succeeding sync 
pulse. If the sync pulse amplitude is 
reasonably high, R. can be varied over 
a fairly wide range without causing 
a loss of sync. The frequency set by 
R. cannot be made too low, however, 

11 



o 
CI 

SYNC 

-QSZSL 
T, 

o6öo6y1 
C2 

UNBLOCKING 
PULSES 

UNBLOCKING 
PULSES 

4C3 

B+ 

SAWTOOTH 
OUTPUT 

FIG. 10. Part A of this illustration shows a com- 
plete blocking oscillator -discharge tube circuit. 
Part B shows another form in which the same 
blocking oscillator may be drawn on a circuit 

diagram. 

because then it would take a very high 
sync pulse to drag the frequency to 
the proper value. It cannot be made 
too high, either, because then the un- 
blocking pulses would occur before the 
sync pulses, and the sync pulses would 
no longer be effective. 

Now that we can produce control- 
lable unblocking pulses, we can feed 
them into a discharge circuit as shown 
in Fig. 10A. The blocking oscillator 
in this circuit duplicates that in Fig. 
9A. VT2 is the discharge tube. No 
grid bias is necessary for VT2, because 
the bias voltage developed across R2 

and Rs (which is applied to this tube 
directly) will block it. While VT2 is 

cut off by this voltage, Cs will charge 
through resistor R. to produce the 
sweep portion of the saw -tooth wave. 
Then, when the voltage on the grid of 

VTl swings suddenly positive, VT2 

will conduct and discharge Cs. This 
gives the retrace portion of the saw - 
tooth wave. Since the amplitude of 
the pulses received from the blocking 
oscillator is fixed, this circuit produces 
saw -tooth pulses that are alike; and 
the blocking oscillator -discharge com- 
bination circuit will be self-operating 
and will supply the necessary sweep 
even if no sync pulses are tuned in. 

Variable resistor R. controls the 
height of the saw -tooth pulse; varying 
its resistance changes the charging 
time of C3 -R4 and thus determines the 
voltage to which the condenser will 
charge before the discharge tube oper- 
ates. Thus, this control can be used 
to vary the length of a line or the 
height of the picture, depending on 

whether the circuit generates the hori- 
zontal or the vertical sweep. 
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The circuit in Fig. 10B shows an- 
other variation of the blocking oscil- 
lator. The operation is the same; the 
only difference is in the positions of the 
components, which bear the same 
labels as their equivalents in Fig. 10A. 
This circuit is shown to give you an 
idea of some of the variations you may 
expect in schematic diagrams. 

Combination Generator. Many 
receivers use a combination of a sep- 
arate discharge tube and a separate 
blocking oscillator like that shown in 
Fig. l0A because doing so permits the 
shape of the saw -tooth wave and of 
the control pulses to be individually 
adjusted. However, since the plate 
current of VT1 flows in pulses that are 
exactly like the grid -voltage pulses, it 
is possible to use a single stage, as 
shown in Fig. 11, to produce both the 
pulses and the saw -tooth waves rea- 
sonably well. In this circuit, the saw - 
tooth -producing condenser C3 and its 
associated charging resistance R4 -R5 
have been moved to the plate circuit 
of the blocking oscillator tube VTl. 
When this tube is allowed to conduct, 
it will discharge condenser CS at the 
same time; when it is not conducting, 
C3 will charge through R5 and R4 just 
as it would in a separate discharge 
circuit. 

Combining functions in a single 
stage this way does not allow quite 
the fineness of adjustment of the wave 
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FIG. 11. A one -tube saw -tooth generator. 
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FIG. 12. A basic multivibrator circuit. 

shape that the use of separate circuits 
permits, and it requires a somewhat 
more critical adjustment of part val- 
ues. However, it is an arrangement 
that is used in many receivers. 

MULTIVIBRATOR OSCILLATORS 
Another quite commonly used means 

of generating the control pulse is the 
multivibrator oscillator. As shown in 
Fig. 12, this is basically just a two - 
stage amplifier in which the output 
of the second stage is fed back to the 
input of the first stage. The arrange- 
ment is such that the signal fed back 
from VT, to VT,. through C3 is in the 
proper phase to produce oscillation. 

If tuned circuits were used some- 
where in this arrangement, this would 
be a sine -wave oscillator. However, 
because R -C elements are used instead 
of tuned circuits, the multivibrator 
basically produces the square wave 
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signal shown in Fig. 12B. Let's first 
see how it produces this signal, then 
learn how it is possible to get the 
desired series of pulses shown in Fig. 
12C. 

The basic operation of this circuit 
is that the tubes conduct alternately, 
with conduction of one causing cut-off 
of the other. The increases and de- 
creases in the plate current of each 
tube occur very quickly, with the 
result that these currents are pulses 
having very steep sides. 

When the circuit is turned on, one 
of the tubes will draw slightly more 
current than the other and thus initi- 
ate the action. To understand the 
operation, let's assume that both C. 
and Ca have an initial charge and that 
the plate current of VT, is decreasing. 

FIG. 13. How a mnitivibrator works. 

The conditions then will be like those 
shown in Fig. 13A. 

Condenser C. is connected across 
the B supply through resistors R3j R4, 
and R2. The voltage applied to C2 

when VT1 is conducting is equal to the 
difference between the B voltage and 
the voltage drop across R2 caused by 
plate current flow through it. When 
the plate current of VT1 decreases 
(this is what we have assumed is 
happening), the drop across R. will 
decrease. C. will therefore start to 
charge, causing an electron flow 
through the grid resistors for VT2 in 
the direction shown that will make the 
grid of VT2 positive. With a positive 
grid, there will be an appreciable grid 
current flow; in other words, the inter- 
nal resistance between the cathode and 
grid of VT2 will become a low resist- 
ance through which C. can and will 
charge rapidly. 

At the same time, this positive grid 
potential will make VT2 pass a high 
plate current, so the drop across 
resistor RS will increase greatly. As 
you can see, condenser C. is connected 
across the B supply through R1 and 
R5. Since the voltage drop across R. 
caused by plate current flow is op- 
posed to the B voltage as far as C. is 
concerned, this increase in the drop 
across R. will cause a decrease in the 
net voltage applied to C2. Therefore, 
C2 will start to discharge, causing an 
electron flow through Rl in the direc- 
tion shown. This will drive the grid 
of VT, negative, thus making the tube 
cut off. 

Since R1 is a high resistance, Cg 
will discharge slowly. When it even- 
tually reaches a voltage equal to the 
difference between the B voltage and 
the drop across R5, its discharge cur - 
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rent will cease to flow, and the voltage 
across R1 will disappear. VT1 will 
then be able to conduct again, so it 
will draw current through R2. 

The conditions in the circuit when 
VT1 conducts again are shown in Fig. 
13B. Since there is now a voltage drop 
across R2 caused by the plate current 
flow, the voltage across condenser 02 
is reduced. Therefore, it will discharge 
through R3 and R, in the direction 
indicated, thereby making the grid of 
VT2 negative. Since this will cut off 
the plate current of VT2, the drop 
across R5 will disappear. The voltage 
applied to Cs will therefore increase; 
consequently, Cg will begin to charge, 
causing an electron flow through R1 
in the direction indicated. This will 
make the grid of VT1 positive, thereby 
creating a low -resistance grid -cathode 
path in VT1 through which Cg can 
charge rapidly. 

At the same time, C2 will discharge 
relatively slowly through the high 
resistance R$ -R4. It will eventually 
become stabilized, whereupon its dis- 
charge current will cease. The grid 
of VT2 will then change from a nega- 
tive potential back to zero, and VT2 
will again begin to conduct. The cir- 
cuit conditions will then become those 
shown in Fig. 13A, and the cycle of 
events will start again. 

You can see from Fig. 12A that the 
output pulses of this circuit are pro- 
duced by the flow of the VT2 plate 
current through R5. If both tubes con- 
duct for equal periods of time, the 
output will consist of the square -wave 
pulses shown in Fig. 12B. To get the 
pulses we want (Fig. 12C), we must 
make VT2 conduct for a much shorter 
period than VT1 does. We can do so 
by making the time constant of C3 

and R1 far shorter than that of 02 -R3 - 
R4. Check back through the preced- 
ing description of the action of the 
circuit, and you will see that adjust- 
ing the time constants this way will 
permit VT2 to conduct for only rela- 
tively brief periods. The voltage 
across R5 will then consist of the un- 
blocking pulses we need to operate a 
discharge circuit. 

A separate discharge circuit may be 
used with this oscillator, or the cir- 
cuit can be made to act as its own 
saw -tooth producer. We can produce 
the latter circuit by adding a conden- 
ser C, across the output as shown by 
the dotted lines in Fig. 12A. This con- 
denser will charge through R5, the 
value of which can be adjusted to give 
the required charging time, and it will 
be discharged when tube VT2 con- 
ducts: this charge -discharge action 
will give us the saw -tooth output we 
want. 

Sync pulses may be fed in across R1 
as shown in Fig. 12A. If they occur 
at the proper time, they will drive 
the grid of VT1 negative just before 
it would normally go in this direction, 
thus initiating the charging action of 
02 and hence causing plate current to 
flow through VT2. 

Cathode -Coupled Multivibrator. A 
simpler and somewhat more common 
variation of the multivibrator is shown 
in Fig. 14. This is known as a cathode - 
coupled multivibrator because the 
feedback voltages are produced across 
the bias resistor R4, which is in the 
cathode circuits of both VT1 and VT2. 

The action is basically like that 
just described except for the way in 
which VT1 is prevented from con- 
ducting. Briefly, the action is as 
follows : 
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FIG. 14. A cathode -coupled multivibrator. 

Condenser C2 charges from the B 
supply when the circuit is turned on, 
producing an electron flow upward 
through R3 that makes the grid of 
VT2 positive and makes the grid -cath- 
ode path of this tube conductive. 
Condenser C2 thus charges rapidly 
through a low -resistance path consist- 
ing of R4, the internal grid -cathode 
tube resistance of VT2, and R2. 

While C2 is charging, VT2 passes a 
high plate current. The grid and plate 
currents of VT2 passing through R4 
create a high bias voltage drop across 
this resistor having the polarity shown 
in Fig. 14. Since the grid of VT, is 
tied to the negative end of R4, this 
bias cuts off the plate current of VT,. 
(VT2 conducts because the voltage 
drop across R3j produced by the charg- 
ing action of C2, is greater than the 
voltage developed across R4.) 

When C2 approaches a full charge, 
the current flow through R3 becomes 
less; the bias voltage across R4 then 
becomes greater than the voltage drop 
across R3j so VT2 is cut off. Current 
flow through R4 then ceases; the bias 
voltage across R4 vanishes, and VT, 
is able to conduct. Conduction of 
VT, causes a drop across R2, reducing 

the voltage across C2, which then be- 
gins to discharge. Its discharge cur- 
rent produces a voltage drop across 
R3 that keeps VT2 cut off. 

When the discharge of C2 ceases, the 
drop across R3 disappears, and VT2 
is again able to conduct. As soon as 
it does, a bias is built up across R4 
that begins to cut off VT,. When this 
happens, condenser C2 starts to charge, 
and the cycle repeats. 

Since VT2 cannot conduct while C2 
is discharging, we can control the 
interval between the plate current 
pulses of VT2 by varying R3j the high 
resistance through which C2 dis- 
charges. R3 thus acts as a hold con- 
trol for the circuit. 

The output of the circuit consists 
of the voltage pulses developed across 
R5 by the plate current pulses of VT2. 
Once again, we can either feed thesevolt- 
age pulses to a discharge tube circuit 
or use a condenser C3 in conjunction 
with R5 to generate a saw -tooth output. 

SINE -WAVE GENERATORS 
Sine -wave oscillators are used in 

some television sweep circuits. Be- 
cause of the extra effort needed to 
convert a sine wave into the right 
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wave form, such oscillators are used 
only if another advantage, such as 
better synchronization, can be ob- 
tained through their use. 

Fig. 15 shows a somewhat idealized 
sine -wave oscillator. Here, VT, is 
used in a Hartley oscillator circuit, 
with the screen grid acting as the 
plate. The signal produced across the 
L -C circuit is a sine wave (Fig. 15B). 
However, the bias and strength of 
oscillation are adjusted so that the 
tube reaches plate -current saturation 
early in each cycle; as a result, the 
plate current of the tube is squared off 
into the form shown in Fig. 15C. 

This nearly square -wave pulse is 
fed into C3 and R4. Since these have 
a very short time constant, 03 charges 
or discharges very rapidly, producing 
a brief pulse across R4, every time the 
applied voltage charges. As a result, 
the square -wave voltage from VT,. 
is converted into a series of sharp 
pulses as shown in Fig. 15D. These 
pulses can be used to operate the dis- 
charge tube VT2. 

Such sine -wave oscillators are al- 
lowed to operate at exactly the fre- 
quency desired for the sweep. So 
elaborate an oscillator chain is prac- 
tically never used for frame scanning; 
only the horizontal or line sweep must 
be controlled so accurately that such 
an arrangement is desirable. 

When a sine -wave oscillator is used, 
a sine -wave signal is coupled from 
L into a frequency -discriminating net- 
work where it is mixed with the sync 
pulses. An automatic frequency con- 
trol (a.f.c.) arrangement is then used 
to set the sine -wave oscillator exactly 
on frequency, as you will learn when 
we study control circuits. This ar- 
rangement permits very accurate con- 
trol of the fundamental frequency. 

SUMMARY 
We have learned that a saw -tooth 

voltage is produced by charging a con- 
denser fairly slowly through a resistor 
and discharging it rapidly through a 
tube. Pulses obtained from one of 
three basic oscillators are used to con - 

0 

FIG. 15. A sine -wave sweep oscillator. 
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trol the discharge. This arrangement 
makes it possible for the circuit to 
produce the sweep voltage even when 
no control pulses are fed in from an 
external signal. Each of the three 
oscillators is arranged so that it will 
lock in with the signal when one is 
received and will therefore operate in 
synchronism with the lines or frames 
of the incoming signal. 

The saw -tooth voltage that we have 
produced so far has nearly the right 
shape for use in all electrostatic sys- 
tems and in certain electromagnetic 
circuits. (In other electromagnetic 
deflection systems as you will learn 
farther on in this Lesson, additional 
shaping of the wave is necessary.) 
Let's see how such a voltage is used 
to produce electrostatic deflection. 

Electrostatic Sweep Circuits 
The saw -tooth voltage that we 

described in the previous section is 
of the proper shape for an electrostatic 
deflection system, but it has two things 
wrong with it. First, it is not of suffi- 
cient amplitude, which means that it 
requires amplification. (Incidentally, 
the amplitude of a saw -tooth voltage 
is always measured from peak to peak 
-that is, from its least amplitude to 
its greatest amplitude.) Second, each 
discharge circuit we have pictured 
so far has one end of the wave -form- 
ing condenser going to ground, so one 
of the deflection plates to which the 
saw -tooth voltage is fed would have 
to be grounded also-an undesirable 
arrangement. Let's briefly study both 
of these problems. 

Deflection Voltage. The voltage 
needed to deflect the electron beam 
in an electrostatic tube depends on 
the velocity attained by the beam, 
which is determined by the voltage 
applied to the second anode. In fact, 
there is a direct relationship between 
the second anode voltage and the de- 
flection voltage needed: in a typical 
tube, the horizontal deflection voltage 
needed is about 30 volts for each inch 

of deflection, per kilovolt of second 
anode voltage. 

To produce the 51h -inch line com- 
monly secured on a 7 -inch tube, as- 
suming the tube has this 30 -volts -per - 
inch rating, we need 165 volts per 
thousand volts on the second anode. 
This means that the horizontal deflec- 
tion voltage must be 3 X 165 or 495 
volts if the second anode is run at 
3000 volts-and 990 volts if the sec- 
ond anode is run at 6000 volts! 

We want high second -anode volt- 
ages to improve the picture brightness, 
and we want large picture tubes so 
we can have a big picture. We are 
limited in both respects, however, by 
the deflection voltages that it is pos- 
sible to get. As a matter of fact, the 
deflection -voltage problem has limited 
electrostatic tubes to a maximum size 
of 10 inches. All picture tubes above 
10 inches in diameter (and most of 
the 10 -inch ones) use electromagnetic 
deflection. 

Since the sweep voltages needed are 
much higher than the discharge circuit 
can furnish, there must be voltage 
amplifiers between the discharge cir- 
cuit and the picture tube deflection 
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plates. We'll study deflection ampli- 
fiers in a moment. 

Balanced Deflection. There are 
several reasons why it is desirable to 
feed a pair of deflection plates with 
equal and opposite voltages with re- 
spect to ground rather than to have 
one plate grounded. 

One reason stems from the fact that 
the second anode must be connected to 
the deflection plates so that the deflect- 
ing voltage will add to and subtract 
from the second anode voltage, rather 
than be entirely independent of it. 
This arrangement is necessary to mini- 
mize the electric field that forms be- 
tween the second anode and the deflec- 
tion plates and causes defocusing. If 
one of the plates were grounded, 
therefore, the second anode would have 
to be grounded also, which would 
mean that the cathode would have to 
be highly negative with respect to 
ground. The tube would operate all 
right this way, but the filament of the 
tube could not be operated from the 
same filament supply as other tubes, 
because it would not be safe to have 
a great difference in potential between 
the cathode and the filament of the 
picture tube. A separate filament 
winding would therefore be necessary, 
which is undesirable. Hence, the 
usual practice is to ground the cathode 
so there is a minimum difference be- 
tween the cathode and filament poten- 
tials; this means the second anode 
cannot be grounded, and because of 
the common connection, the deflection 
plates cannot be directly grounded 
either. 

More important, not grounding 
either deflection plate makes it pos- 
sible for us to supply them from a 
push-pull stage in a balanced arrange- 

ment. The advantage of the push- 
pull drive is that one plate goes 
positive at the same time that the 
other goes negative, so the effective 
voltage between the plates at any time 
is twice as large as the voltage output 
of either tube alone. Remember, the 
deflection is proportional to the differ- 
ence in voltage between the deflecting 
plates; for a given input signal to the 
driver stage, therefore, the push-pull 
circuit gives us twice as much deflec- 
tion as a single -ended driver stage 
would. 

Fig. 16A shows the basic connections 
for a balanced deflection system. The 
vertical sweep is applied to plates Pi 
and P. through coupling condensers 
Cl and C2. The a.c. sweep voltage is 
developed across resistors Rl and R2. 

Similarly, the horizontal sweep is 
applied to plates Pa and P4 through 
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FIG. 16. The elements of an electrostatic. 
deflection system. 
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condensers Cs and C. and appears 
across R3 and R4. 

The return circuits for both sets 
of deflecting plates are tied to the 
high voltage, which is applied directly 
to the second anode. Insofar as the 
sweep signal is concerned, the path is 
completed to ground through C5. Since 
the impedance from each of the de- 
flecting plates to ground is the same, 
this is a balanced system. 

The actual connections are some- 
what more elaborate than those shown 
here; Fig. 16B is more realistic. In 
this case, plate P1 (through R2) and 
plate P3 (through R4) are tied to the 

EN TO 
DEFLECTING PLATE 

e++L TO CENTERING 
D.C. VOLTAGE 

To 
DEFLECTING PLATE 

FIG. 17. A basic vertical deflection am- 
plifier. 

second anode, which goes to a junc- 
tion of resistors R. and R3 across a 
section of the voltage divider on the 
high -voltage supply. Shunting these 
two resistors are two variable resistors, 
R7 and R3j to which the other deflec- 
tion plates are connected. 

These variable resistors serve as 
centering controls; adjustment of 
either applies a d.c. voltage between 
the plates with which it is associated 
and thus moves the picture horizon- 
tally or vertically. In this circuit, 
adjustment of R7 will move the picture 
horizontally, and adjustment of R. 
will move it vertically. 

Electrostatic deflection systems vary 

in their complexity. In general, how- 
ever, all of them have these features: 

1. There is a d.c. path from the 
deflection plates to the second anode 
so that the deflection voltage will add 
to and subtract from the second anode 
voltage. 

2. There is some means of varying 
the d.c. voltage applied to the plates 
to center the image. 

3. The sweep voltages are applied 
to the deflecting plates through coup- 
ling condensers (such as C1, C2, C3 
and C4 in Fig. 16), which must have 
voltage ratings high enough so that 
they can withstand the voltage applied 
to the second anode. These coupling 
condensers are special oil -filled paper 
types having voltage ratings of as 
much as 10,000 volts. 

DEFLECTION AMPLIFIERS 
The high sweep -voltage require- 

ment means that we must have an 
amplifier following the discharge cir- 
cuit. Therefore, in all practical tele- 
vision receivers, the sweep circuit is 
actually a chain of stages that in- 
clude a sweep oscillator, a discharge 
circuit, and an amplifier. The ampli- 
fier stage of the sweep chain in the 
electrostatic system uses a push-pull 
arrangement to get a balanced output. 
Since it is necessary to use a great 
many tubes in a television receiver, 
every effort is made to reduce the 
number of tubes needed in the sweep 
chains; as a result, there are some 
rather unusual designs in use. Let's 
study some of these. 

Vertical Deflection Amplifier. Fig. 
17 shows a basic amplifier of the kind 
used in the vertical or frame sweep 
chain. Tubes VT1 and VT2 are in 
push-pull. In a sound receiver, this 
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stage would be preceded by a separate 
tube used for phase inversion, but here 
tube VT2 acts as a combination ampli- 
fier and phase inverter. Its load is 
the combination of resistors R. and 
R5, which act as a voltage divider and 
are arranged so that the signal voltage 
drop across R5 applied through Cs to 
the grid of VT2 will feed just enough 
signal to the grid of VT2 to cause its 
output across R5 to be equal to that 
across R4 -R5. Of course, VT2 inverts 
the phase of this signal 180°, so we 
get normal push-pull operation-at 
the moment the plate of one tube is at 
its maximum positive point, the signal 
output of the other is reaching a maxi- 
mum negative value. 

This one amplifying stage is all that 
is needed. We have a reasonably high 
input from the discharge circuit-per- 
haps as much as 100 volts is available. 
It is customary, however, to take only 
about 20 volts from the discharge 
stage and then to use high -gain triodes 
or pentodes in the amplifier to give a 
stage gain of at least 20. 

Of course, the amount of gain in an 
amplifier stage depends on the load- 
the higher the load resistance, the 
more nearly the gain equals the ampli- 
fication factor of the tube. If, for 
example, we feed a voltage of 20 volts 
into VT2 by adjusting the input con- 
trol R2 properly, and the stage has a 
gain of 20, the voltage across the load 
will be 400 volts. The exact amount 
we want depends on the needs of the 
picture tube, of course; we can get 
what we want by adjusting R2 to pro- 
vide the proper input. Hence, this 
control will set the picture height or 
width, depending on whether this is a 
vertical or a horizontal sweep chain. 
Since the picture width is greater than 

the picture height by a ratio of 4 to 3, 
more voltage is needed for the hori- 
zontal sweep than for the vertical 
sweep. 

However, the output voltage can 
reach such levels only if the B supply 
voltage is high enough to provide the 
plate voltage needed to deliver the 
high signal we want and also to make 
up for the loss in the high -resistance 
load. The B++ voltage applied 
through R, may be as high as 500 to 
1000 volts; such voltages are usually 
obtained from the high -voltage supply 
that operates the picture tube. 

FIG. 18. Diagram of a horizontal deflec- 
tion amplifier. 

The amplified sweep voltage that 
exists across R4 -R5 and R5 is ap- 
plied to the deflecting plates. These 
voltages are balanced with respect to 
ground; the ground circuit for the a.c. 
sweep signal is from the common point 
of the load resistor through 04 to 
ground. The filter circuit (C4 and 
R7) keeps the sweep voltage out of 
the B supply. 

Condensers C5 and C5 are coupling 
condensers used to feed the sweep sig- 
nal to the deflecting plates. Because 
of the high voltages that come from 
the anode supply to the deflecting 
plates, these condensers must have 
high voltage ratings. 
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Horizontal Deflection Amplifier. 
The circuit shown in Fig. 17 can also 
be used for the horizontal sweep, but 
the one in Fig. 18 is more commonly 
used for this purpose because it is bet- 
ter able to deliver the high voltages 
needed for horizontal deflections. In 
this circuit, inductances L1 and L2 

serve as the loads. These choke coils 
are made to have very high reactances 
at the sweep frequencies, so the tubes 
are offered a full load and therefore 
deliver maximum signal output. The 
only d.c. voltage loss occurs in the 
relatively low resistances of these 
coils, so not much of the B supply 
voltage is wasted. 

R4 

FIG. 19. Single -tube sweep circuit. 

The network of R1, blocking con- 
denser Cl, and R2 acts as a voltage 
divider to supply the signal necessary 
to operate tube VT2. Resistor R3, 
connected from the plate of VT2 back 
to this network, provides degenera- 
tion by feeding back a voltage to the 
grid of VT2 that is out of phase with 
the incoming voltage. This degenera- 
tion not only flattens the response of 
VT2 but also makes the gain of the 
stage more independent of minor 
changes in the characteristics of the 
tube. This is one form of balanced 
phase inversion. 

Single -Tube Sweep. The ampli- 

fiers in Figs 17 and 18 are usually 
preceded by a sweep oscillator (either 
a multivibrator or blocking type and 
by a discharge circuit that may be a 
part of the oscillator. In the unique 
circuit shown in Fig. 19, however, a 
single tube acts as a combination 
blocking oscillator -discharge -push- 
pull amplifier! 

In the blocking oscillator section of 
this circuit, transformer T1 provides 
the feedback path from plate to grid, 
and condenser C2 along with resistors 
R3 and R4 provide the blocking action 
in the grid circuit. R1 and R2 are 
damping resistors that smooth out the 
oscillatory pulse produced by the 
blocking oscillator. 

The sync pulses necessary to control 
the oscillator are fed in through Cl. 

Instead of being produced by the 
usual R -C charge circuit, the saw - 
tooth wave is formed by a resonant 
circuit that, by resonance step-up, 
gives the needed amplification. Let's 
start our study of the action of this 
circuit during a time when VT1 is 

cut off or not conducting. At such 
times, condenser C3 is charged through 
R3 and L3 because it is across the B 
supply, as shown in Fig. 20A. (Notice 
that B+ is connected to Rs.) The 
charging current for Cs that flows 

through L3 induces a voltage in L4, 

with the result that condenser C4 is 
charged at the same time and to the 
same voltage as C3. The polarity of 

the condenser voltages is such that the 
voltage applied between the deflection 
plates through the coupling condensers 
CB and Cs is the sum of the two con- 
denser voltages. 

Returning now to the blocking oscil- 
lator action, when the charge stored 
in the grid condenser C, (Fig. 19) 
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leaks off enough so that VT1 suddenly 
starts to conduct, it effectively ties 
the upper end of Ca to the lower end 
of C4 through the combination L1 -R1 

and through the tube resistance (see 
Fig. 20B) . Since the positive terminal 
of one condenser is thus tied to the 
negative terminal of the other through 
this low -resistance path, the conden- 
sers discharge rapidly; this gives the 
retrace portion of the cycle. Then, 
when the tube cuts off again, conden- 
ser C8 again starts to recharge and 

FIG. 20. How the single -tube sweep 
works. 

the scanning voltages build up again. 
In this circuit, resonance step-up 

is used to make the output voltage 
several times that of the B supply so 
that sweep voltages of 800 to 1200 
volts can be obtained with a B supply 
of 250 volts. 

The tube and blocking oscillator 
parts effectively disappear on the 
charging cycle, so the circuit is then 
like that in Fig. 20A. The parts C8, 

LB, and R5 form a series -resonant cir- 
cuit across the B supply. This is a 
high -Q circuit, capable of producing 
a sine -wave voltage across C8 of five 
or ten times the supply voltage if it 
were allowed to reach its peak. How- 
ever, the parts values of the circuit are 
chosen so that resonance is at a fre- 
quency far lower than the horizontal 
sweep frequency: long before the volt- 
age across C3 can reach its peak sine - 
wave value, therefore, the discharge 
action is initiated. As a result, only 
the relatively straight portion of the 
sine -wave voltage across Ce is used 
(Fig. 20C). Even so, the peak reached 
can be two or three times the supply 
voltage. This peak voltage is applied 
across each condenser (remember, C. 
is charged to the same voltage as C8 

because of the interaction between L8 

and L.). This circuit is normally used 
for horizontal deflection because of 
its ability to deliver such a high volt- 
age from a normal plate supply. 

If the blocking oscillator should fail 
to discharge C8 and C,, they could 
charge to the high peak value deter- 
mined by the Q of the resonant cir- 

' cuit. For this reason, the condensers 
used in this circuit must have high 
voltage ratings to prevent breakdown 
if the blocking oscillator should fail 
to function. 
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Resistor R. is the horizontal size 
control; its setting determines the 
amount of the B supply voltage ap- 
plied to the circuit and hence controls 
the amplitude of the sweep voltage. 
Resistor R. (Fig. 19) is the hold 
control. 

From the foregoing, the number of 
tubes used in an electrostatic deflec- 
tion system may be as few as one (in 
a circuit like that in Fig. 19) or as 
many as five (two tubes in a multivi- 
brator, one in a discharge circuit, and 
two in a push-pull amplifier. Of 
course, these can be multi -purpose 

tubes, with at least two in the same 
envelope). The practice of using a 
separate discharge tube is gradually 
dying out; most commonly, deflection 
circuits now consist of a single -tube 
blocking oscillator or a dual -tube mul- 
tivibrator with a built-in discharge 
circuit driving a dual -tube amplifier. 

In any case, the output will be a 
saw -tooth voltage of rather high peak 
value. The frequency of the output 
will depend upon whether it is for hori- 
zontal or vertical deflection; this fre- 
quency will be controlled by the sync 
pulses. 

Basic Electromagnetic 
Sweep Circuits 

In an electromagnetic deflection 
system, one pair of coils is used for 
horizontal deflection and another pair 
for vertical deflection. These coils, 
which are wound around the neck of 
the tube, establish a strong electro- 
magnetic field within the picture tube. 

This deflection electromagnetic field 
does not have any relationship to the 
focusing and accelerating fields, so it 
is unnecessary to tie the coils to the 
second anode. This is a major dif- 
ference between the electrostatic and 
electromagnetic systems that simpli- 
fies the latter considerably, because it 
allows the deflection coils to be oper- 
ated more nearly at ground potential 
and makes for simpler connections to 
them. It also permits the use of sin- 
gle -ended output stages, which proves 
quite helpful in the design of these 
circuits. 

Another important basic difference 
between electromagnetic and electro- 
static deflection is the fact that the 
deflecting field in the former is pro- 
portional to the number of turns in 
the coils and to the current through 
them-not to the applied voltage. 
Therefore, we don't need particularly 
high voltages across the deflection 
coils, but we do need high currents. 
The driving tubes in an electromag- 
netic system must therefore be power 
tubes instead of the voltage amplifiers 
used in electrostatic systems. 

As a matter of fact, the power de- 
mands in an electromagnetic system 
are rather considerable, particularly 
in the horizontal sweep circuit. Here, 
a rather husky power tube is always 
used, and sometimes two are used in 
parallel. 
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TRAPEZOIDAL WAVES 
Since the deflection field in an elec- 

tromagnetic system is proportional 
to the current through the coils, we 
need a saw -tooth current to produce 
the proper deflecting action. Because 
a coil resists sudden changes in volt- 
age, such a saw -tooth current cannot 
be produced by applying a saw -tooth 
voltage to the coil. Let's see what 
shape the applied voltage must have 
to make the coil current a saw -tooth 
current. 

Let's suppose we have a perfect 
coil (no resistance) as shown in Fig. 
21A and want the saw -tooth current 
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hand edge of the wave more nearly 
vertical. 

A voltage having the form shown in 
Fig. 21G will do the trick. The high, 
short negative pulse will make the 
coil current drop suddenly, producing 
the saw -tooth current in Fig. 21H. 

The voltage shown in Fig. 21G is 
very similar to the output from a 
blocking oscillator or multivibrator. 
Therefore, if the output of one of 
these devices could cause enough cur- 
rent to flow, and if the coil had neg- 
ligible resistance, we could get a saw - 
tooth coil current without using a 
discharge circuit. 

W+ 
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U 

FIG. 21. How a saw -tooth current can be made to flow in a perfect coil. 

shown in Fig. 21B to flow through it. 
If we apply a d.c. voltage (Fig. 

21C) to a coil, the current through 
the coil will build up as shown in Fig. 
21D. The rate at which this current 
rises depends on the inductance, on 
the voltage, and on how long the volt- 
age is applied. In a perfect coil, this 
current could reach infinity if the 
voltage were applied long enough. 

If we apply the voltage for just a 
short period of time, then cut it off 
for an equal period of time (Fig. 21E), 
we will get the triangular current flow 
shown in Fig. 21F. We can change 
this into a saw -tooth current by find- 
ing some way of making the right - 

0 

o 

However, the coils with which we 
are dealing have appreciable resistance 
(which, as we shall show later, is 
needed to damp out oscillations) . A 
practical coil is therefore like the 
combination shown in Fig. 22A. 

A voltage having a rather unusual 
wave shape must be applied to get a 
saw -tooth current to flow through this 
combination. A voltage having the 
form shown by curve 1 of Fig. 22B 
must be used to create a saw -tooth 
current in an inductance, and one hav- 
ing the shape shown by curve 2 must 
be used to create such a current in 
a resistance; therefore, the two volt- 
ages must be combined, producing the 
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FIG. 22. A trapezoidal voltage wave must be applied to a practical coil to produce a 

saw -tooth current. 

"trapezoidal" wave shown in Fig. 22C, 
to create a saw -tooth current through 
a combination of inductance and re- 
sistance. 

The proportion of pulse voltage to 
saw -tooth voltage needed in the trape- 
zoidal wave depends on the relative 
proportions of inductance and resist- 
ance in the coil. Therefore, the cir- 
cuits used to shape this trapezoidal 
wave must be designed to suit the par- 
ticular deflection coils to be used with 
them and may be widely different in 
parts values in different receivers. 

The trapezoidal wave shape wanted 
can be obtained by making a simple 
modification in the discharge circuit 
that we studied earlier. A typical ar- 
rangement is shown in Fig. 23. This 
is a standard discharge circuit except 
that resistor R3 has been added in 
series with 02. The effect of this ad- 
dition is to produce the trapezoidal 
output voltage eo shown in Fig 23B. 
Let's see why. 

When the circuit is turned on, con- 
denser 02 starts to charge through 
R2 and R3 in series. The condenser 
current flowing through R3 causes a 

voltage drop that is in series with the 
saw -tooth condenser voltage and is 
maximum when the circuit is first 
turned on. This voltage drop gives us 
our initial vertical rise in eo from 
point 1 to point 2 in Fig. 23B, after 
which the condenser charges in a nor- 
mal manner from 2 to 3. Of course, 
as the condenser charges, its current 
continues to flow through R3, main- 
taining the drop across the resistor. 

When VT1 suddenly conducts to 
discharge 02, the discharge current 
flows in the opposite direction through 
R3, reversing the polarity of the drop 
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FIG. 23. Trapezoidal discharge circuit. 
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across it. Since a maximum current 
flows at the start of the discharge 
cycle, the output voltage drops sud- 
denly down from its highest peak value 
(3) to value 4. Condenser C2 then dis- 
charges rapidly through the relatively 
low resistance R3j and the tube to 
form the portion 4-5, which is the re- 
trace part of the saw -tooth cycle. The 
cycle then starts over again when VT1 
is cut off. 

The slopes of the saw -tooth por- 
tions of the wave depend on the values 
of R2 and C2, and the heights of the 
vertical rises and drops depend on the 
value of R3. (Because of the special 

TO 
DISCHARGE 

TUBE 

MAGNETIC SWEEP CIRCUITS 
FOR VERTICAL DEFLECTION 
The wave produced in Fig. 23 has 

the right form, but it must be ampli- 
fied to furnish the fairly high current 
needed to deflect the electron beam. 
A power amplifier much like the out- 
put stage of a sound receiver is used 
to produce this amplification. A typi- 
cal circuit is shown in Fig. 24. 

The vertical deflection coils, L. 
and L4j are not high inductances be- 
cause there is practically no iron in 
their core-only that provided by a 
bundle of iron wire that is wound 
around the deflection yoke assembly. 

FIG. 24. A typical vertical deflection sweep amplifier. 

shape of the output, the resistor R. 
is known as a "peaking" resistor.) If 
the proper values are chosen for these 
parts, it is possible to produce the 
exact wave shape required for the 
particular deflection coils that are 
to be used. 

Although we have shown a separate 
discharge tube in Fig. 23, the action 
might equally well be produced by 
modifying a built-in discharge circuit. 

Now that we have the required 
trapezoidal wave, we need a power 
amplifier to get the current we need. 
Since the vertical or frame sweep is 

simpler in design than the horizontal 
sweep, let's study it first. 

Common inductance values for these 
coils are around 50 millihenrys. At 60 
cycles, this inductance has a reactance 
of only about 20 ohms-in fact, the 
resistance of one of the coils may 
easily be 3 or 4 times its reactance. 

Notice that the screen grid and the 
plate of the pentode power tube VT1 

are tied together. This lowers the 
plate resistance of the tube enough 
to permit it to be matched to the low - 
impedance coils by a transformer hav- 
ing a reasonable turns ratio. 

Let's run through the operation of 
the circuit in Fig. 24 briefly: 

Condenser C1 and resistor R. are 
the basic wave -shaping parts, and 
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peaking resistor R2 produces the trap- 
ezoidal wave shape from what would 
otherwise be a saw -tooth wave. This 
circuit is operated by a discharge tube 
(which may be a part of the sweep 
oscillator) . 

The signal is applied to the grid 
of the power output tube through 
coupling condenser C2 and appears 
across R3. Resistor R. is a linearity 
control; adjusting it changes the bias 
on VT1 and thus makes it possible 
to find the most linear part of the 
characteristic of the tube. Since vary- 
ing the bias will change the gain of 
this stage and therefore change the 

SAWTOOTH 
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FIG. 25. Pentode vertical sweep amplifier. 

height of the picture, the height con- 
trol R1 must be readjusted whenever 
RS is adjusted until the best compro- 
mise between a perfectly linear sweep 
and the desired picture height is 
secured. 

During the sweep portion of the 
cycle, the current through the deflec- 
tion coils LS and L2 steadily increases 
in a linear manner, just as it should. 
When the end of the sweep period is 
reached, however, and the voltage 
suddenly changes to produce the re- 
trace portion of the cycle, we do not 
get the normal retrace shape, because 
the deflection coils have a tendency 
to self -oscillate under the shock of 
the sudden voltage change. (There is 

considerable distributed capacity in 
the circuit and in the deflection coils; 
this capacity forms a resonant circuit 
with the inductance of the deflection 
coils and the transformer secondary.) 

Instead of going to great trouble to 
avoid this oscillation, it is permitted 
to exist during the retrace, so the 
retrace may be half a sine wave in 
shape rather than linear with respect 
to time. As shown in Fig. 24B, the 
retrace may follow the dotted line 
instead of the straight line from the 
end of one scanning sweep to the be- 
ginning of the next. 

This doesn't matter, because we 
must have linearity only during the 
actual sweep. It is perfectly all right 
for there to be distortions in the shape 
of the retrace as long as the distor- 
tions repeat themselves exactly (so 
that each line will be of the same 
length) and are completely wiped out 
before the beginning of the next sweep. 

To meet these requirements, the 
coils are made with inductance and 
capacity values such that a half cycle 
of the oscillation will be completed 
within the desired retrace time. The 
oscillation is then forced to die out 
before the next sweep by the resistive 
loading in the circuit. There are three 
forms of loading here: 1, the resistance 
within the coils provides a low Q; 2, 
the coils are shunted by resistors R6 
and R,, which further load them and 
control oscillations; and 3, the low 
plate resistance of the tube appears 
across the coils through transformer 
T1 and also tends to load them. 

Thus, although we use the proper 
trapezoidal voltage, the current is not 
exactly a saw -tooth; however, it is 
linear during the sweep, and the re - 
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trace variations are controlled so that 
they do no harm. 

The circuit in Fig. 24 is the basis 
for most electromagnetic vertical 
sweeps. There is one important excep- 
tion, however, which we shall now 

describe. 

PENTODE VERTICAL OUTPUT 
In a few instances, a true pentode 

connection has been used for the out- 
put in the vertical sweep chain of an 
electromagnetic set. The basic circuit 
is shown in Fig. 25. The most impor- 
tant difference between this circuit 
and that in Fig. 24 is the fact that here 
the screen grid is brought back to a 

FIG. 26. Equivalent circuit of the pentode 
vertical sweep amplifier. 

separate voltage supply so that a true 
pentode action is obtained. 

This connection leads to several 
basic differences in operation. To 
begin with, we now have the extremely 
high plate resistance of the pentode 
tube in series with the relatively small 
load reflected into the primary circuit 
by transformer Ti. This makes the 
effective inductance in the plate cir- 
cuit of VT, so small that the circuit is 

basically resistive, as shown in Fig. 
26. Since the circuit appears to be 
resistive, it is possible to produce a 
saw -tooth current in the plate circuit 
by feeding the grid of VT, with a saw - 
tooth voltage, just as we would in an 
electrostatic system. 

Since the plate resistance of the tube 
no longer acts to damp oscillations, 
the resistor R5 (see Fig. 25) is con- 
nected across the primary of Tl to 
serve this purpose. To stabilize the 
circuit further, the screen -grid voltage 
is supplied through resistor R4. Con- 
denser Cs is a by-pass for the screen. 
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Horizontal Electromagnetic 
Sweep Circuits 

Although the horizontal deflection 
system may seem at first glance to be 
quite similar to the vertical deflection 
system in electromagnetic units, there 
is quite a difference in the actual 
design of the circuits used. 

Since the picture is wider than it 
is high, the horizontal lines are longer 
than the height of the picture. The 
horizontal deflection field must there- 
fore be stronger than the vertical one. 
However, the horizontal deflection coil 
cannot be as large as the vertical de- 
flection coil, because the inductance 
and distributed capacity in the normal 
coil and output transformer would 
cause the retrace oscillation to be at 
too low a frequency. We want a half 
cycle of the oscillation to be over 
within the retrace time, which is about 
6 micro -seconds; since the line rate is 
15,750 lines per second, this oscilla- 
tory cycle must be about 71 kc. (The 
field rate is only 60 cycles, so the half - 
cycle oscillation need not be completed 
for about 800 microseconds; hence, the 
frequency of the vertical retrace oscil- 
lation need be only about 600 cycles.) 

As a further handicap, a large in- 
ductance will have a reactance (at 
15,750 cycles) that will be high com- 
pared to the resistance. This makes 
damping more difficult. 

We cannot use too small a horizontal 
deflection coil, because then an exces- 
sively high current would be required 
to produce the magnetic field needed, 
which would mean that the driving 
tube would have to deliver extremely 
high amounts of power. As it is, a 

small transmitting tube is commonly 
used for the horizontal deflection out- 
put, and in some receivers a pair of 
these tubes are used in parallel. 

Since it is practically impossible to 
prevent oscillation completely, de- 
signers have compromised on reason- 
ably small coils that can produce a 
frequency high enough for a half cycle 
to be over in the retrace time, but not 
so small that the current requirement 
is unreasonable. Values around 8 
millihenrys are used. 

This oscillation must be damped 
out during the retrace time (about 6 
microseconds). To provide this high- 
speed action, the circuit is arranged 
so that there is no damping except 
the internal resistance of the deflection 
coils during the first surge of the 
oscillation. Then, when a half cycle 
has been completed, a "damping" or 
"reaction scanning" tube closes a low - 
resistance path across the horizontal 
deflection coils, killing the oscillation 
very rapidly. Let's see how this damp- 
ing circuit works. 

HORIZONTAL DAMPING 
A basic horizontal deflection output 

is shown in Fig. 27A. The power out- 
put tube VT1 is connected to the 
primary of transformer Ti. The sec- 
ondary coil L2 is connected to the 
horizontal deflecting coils L2 and 14. 
A diode damping tube VT2 and a load- 
ing resistor R1 are connected across 
the deflecting coils. 

Let's start our study with the action 
shown in Fig. 27B. Let's assume that 
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the scanning current is progressing 
from M to N. At the time it reaches 
N, the output tube (VT1) current is 
suddenly cut off because its grid is 
driven sharply negative by the trape- 
zoidal voltage applied to it. This pro- 
duces a sudden and sharp voltage 
change across the deflection coils L3 

and L4j with the result that oscilla- 
tion develops. With no damping other 
than the coil resistance, the oscillatory 
cycle would go through the points 
N -O -P -Q -R. We want only the half 
cycle from N to O of this oscillation 
(which gives us the retrace that we 
want), so we have to find some way 
to get rid of the energy that would 

continue the oscillation beyond O. 
When the current through the coils 

reaches its negative peak 0, it reverses 
in its direction. Since the voltage 
across an inductance is 90° ahead of 
the current, the voltage across the 
deflection coil goes through zero at 
this instant and starts to make the 
plate of the damping tube VT2 posi- 
tive with respect to its cathode. Hence, 
when the current has reached point 0, 
tube VT2 begins to conduct, permit- 
ting current to flow through R1. The 
value of resistor R1 is chosen so that 
the circuit is critically damped; the 
oscillations therefore cease at once, 
and the current flow through the coil 

FIG. 27. How the horizontal sweep current for an electromagnetic sweep circuit is 
produced. 
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decreases toward zero along the line 
O -S -T. 

To produce the proper deflection, 
the current through the deflecting coils 
must have the form shown by the line 
O -S -U -V. The energy stored in the 
coils that is released by the damping 
action supplies the first part of this 
current (from 0 to S). Beyond this 
point, however, the stored -energy cur- 
rent dies off along the line S -T, rather 
than moving from S to U. 

Here the output tube begins to come 
into play, as shown in Fig. 27C. Just 
at the time the stored -energy current 
begins to die out, the tube begins to 
deliver current along the line W -V. 
These two currents added together 
produce the desired deflecting current 
O -S -U -V. 

On succeeding cycles, the action is 
repeated. Tube VT1 supplies power 
through transformer T1 during the 
shaded portion of each cycle shown in 
Fig. 27C. When the tube is cut off 
suddenly (point V), an oscillatory 
action is started that produces the 
retrace and stores energy in the reson- 
ant circuit that is dissipated gradu- 
ally to give the start of the next trace. 

The grid voltage applied to output 
tube VT1 is shown in Fig. 27D. This 
tube can pass current only when the 
grid voltage is above the cut-off value 
shown by the dotted line. (The rest 
of the input wave merely keeps the 
tube from conducting; the trapezoidal 
wave shape is needed so that the plate 
current can be cut off sharply.) There- 
fore, the plate current for this tube 
has the form shown in Fig. 27E. The 
curvature in this plate current is 
caused by the fact that we are operat- 
ing over the knee of the characteristic 
curve of the tube. This plate current 

must be shaped very accurately so 
that the current flow produced in the 
secondary circuit will join smoothly 
with that flowing in the damping tube 
circuit to give the required deflection 
current. Therefore, we need some 
means of adjusting the characteristics 
of the output tube to make it deliver 
a plate current having the proper 
peak value and the proper shape. 
We'll show how this is done in a 
moment. 

A TYPICAL DIODE DAMPER 
Now that we have studied sepa- 

rately the various actions that occur 
in the output section of a horizontal 
electromagnetic sweep circuit, let's 
see how the whole section works. A 
typical practical circuit is shown in 
Fig. 28. 

The oscillator and discharge cir- 
cuits are not shown here. For our 
discussion, let's just say that they 
furnish a trapezoidal wave of accu- 
rate frequency to the grid of the power 
output tube VT1. 

This tube is usually a small trans- 
mitting tube, the plate connection of 
which is brought out to a top cap. A 
high-powered tube is needed to handle 
the current, and the unusual plate 
top -cap connection is needed because 
the inductive kick -back through the 
transformer from the oscillatory ac- 
tion of the deflection coils produces a 
momentary peak plate voltage of 5000 
to 10,000 volts, which the ordinary 
tube socket and base cannot withstand. 
Putting the plate connection on top 
of the tube makes the envelope act as 
an insulator. Since such high peak 
voltages exist on the plate of the tube, 
you should never touch the plate cir- 
cuit while the set is in operation. 
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Many receivers use this high peak 
pulse to supply the high voltage neces- 
sary for operating the picture tube. 
In such cases, the output transformer 
has the additional windings L. and 
L. (Fig. 28), which are connected to 
a rectifier -filter system that furnishes 
a d.c. output to the picture tube of 
from 7000 to 15,000 volts, depending 
on circuit design. We'll study such 
high -voltage supplies elsewhere in the 
Course. 

The plate supply path for VT1 is 
somewhat involved. Moving from the 
plate of the tube, it goes through L1, 

through coil Le, and then either 
through resistor R. or through the 
damping tube VT2. From here, there 
is a parallel path through the deflec- 
tion coils L. or through the secondary 
of the transformer L. to the B+ ter- 
minal (+280 volts). Since the cathode 
of the power tube is returned to a 

point that is at -100 volts with respect 
to ground, the total plate voltage 
applied to the tube is 380 volts (280 
+ 100). 

VT 
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The deflection circuit is somewhat 
more involved than the one we de- 
scribed earlier. The deflection coils 
are lumped together here as L5. An 
additional condenser C. is connected 
across a part of the winding to supply 
additional capacity to get resonance 
at the proper point. Resistor R. is 
a centering control; it can be adjusted 
to change the d.c. current through the 
L4 -L8 path and thus to center the 
picture on the face of the tube. 

Coil LT is known as the width con- 
trol. By varying the inductance of 
this coil, we can control the amount 
of signal applied to the deflection 
coils, thus controlling the width of 
the picture. 

Adjusting this control to vary the 
width of the picture may make the 
lines non-linear. This lack of linearity 
can be corrected by changing the input 
voltage fed to VT1 and by adjusting 
L67 which is in the plate supply of 
this tube. 

The control that varies the input 
voltage on the VT1 grid is known as 
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FIG. 28. The output section of a typical horizontal electromagnetic sweep circuit in 
which a diode damper is used. 
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the "drive" control because it changes 
the peak value reached by the grid 
voltage and hence controls the peak of 
the plate current. 

Coil L6 is used to adjust the plate 
voltage applied to VT1 and hence 
affects the shape of the plate current 
pulse. For this reason, it is known as 
the "linearity" control. Let's run 
through the operation to see how L. 
works. 

The plate supply circuit of VT1 
must be completed all the time, so 
resistor Rs is included to complete the 
path from Le back through the deflec- 
tion network to B+. Since R. is a 
fairly high resistance, it does not act 
as a load on the resonant circuit, which 
includes the deflection coils L8, the 
condenser C6, the inductive effects of 
the transformer secondary, and the 
width control L,. 

At the end of the oscillatory cycle, 
when damping is desired, tube VT2 
begins to conduct. The current that 
is passed by this tube is used to charge 
condenser C6. As you can see from 
Fig. 28, the full B supply voltage (380 
volts) is always applied across this 
condenser. When VT2 is passing cur- 
rent, the voltage across Ca rises to 
about 430 volts; when tube VT1 starts 
drawing current, and VT2 cuts off, 
Ca discharges back to the 380 -volt 
B -supply level. Effectively, therefore, 
there is a pulsating or a.c. voltage 
having the sweep frequency across 
this condenser. (This voltage is sup- 
plied by the energy stored in L. that 
is released when VT2 conducts.) As 
you can see, this a.c. voltage is applied 
to the plate of VT1. 

Connected to C. is a phase -shifting 
network consisting of condenser C. 
and inductance L8. By adjusting the 

inductance of L8j we can shift the 
phase of the a.c. voltage across C. 
with respect to the time that it is ap- 
plied to the plate of VT1; this lets us 
control to some extent the shape of 
the plate current pulse. 

All of the controls associated with 
this circuit are interlocking to a cer- 
tain extent; in other words, adjust- 
ing one usually makes it necessary to 
adjust one or more of the others also. 
Adjusting the width control L, changes 
the width but also causes the right 
side of the picture to stretch slightly 
by effectively speeding up the scan- 
ning in this portion of the scanning 
cycle. Adjusting the drive control 
that varies the input to the tube VT1 
also increases the width somewhat 
but crowds the right side of the pic- 
ture and stretches the left side. Thus, 
these two controls tend to off -set each 
other to some extent. Adjusting the 
linearity control L6 does not appreci- 
ably effect the width but does correct 
to a small extent for other irregulari- 
ties. Rotation of the control in one 
direction causes the second quarter 
of the picture to stretch and the first 
quarter to crowd, and vice versa. In 
other words, adjusting this control 
mostly affects the first half of the 
scanning sweep. 

TRIODE DAMPING 
The diode damping tube circuit that 

we have just described is used by a 
great many manufacturers. Some 
others use a triode tube connected as 
shown in Fig. 29. Here, tube VT2 
is a dual -triode power tube arranged 
with the sections in parallel. The 
parallel connection of the two triode 
sections gives them a very low plate 
resistance that loads the deflection 
coils during the damping portion of 
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FIG. 29. How a triode damper is used in the output section of a horizontal electro- 
magnetic sweep circuit. 

the cycle. Since the tube is a power 
output tube, it is able to conduct a 
high current during the damping por- 
tion of the cycle. 

In Fig. 29, the output tube VT1 
operates the deflection coils Ls and 
Ls through transformer Ti. Coil L8 
is a width control. 

The same oscillatory action occurs 
during the retrace in this circuit as in 
the one previously described. When 
the oscillatory cycle reaches the point 
at which the current through the de- 
flection coils is at its maximum nega- 
tive value, the voltage across the coils 
reverses polarity, making VT2 start 
to conduct. This coil voltage also 
passes through C8 and appears across 
R4, Rs, and Rs as a positive voltage 
on the grids of VT2. This makes the 
plate resistance so low that VT2 acts 
practically as a short circuit. During 
the initial portion of the cycle, there- 
fore, the tube passes a very high cur- 
rent into the damping resistor R7. 

The network Cs -Rs -R5 -Rs is ar- 
ranged to have a very short time con- 
stant with respect to the oscillatory 
cycle. Condenser Cs charges rapidly, 
with the result that the voltage across 

the grid resistance network falls 
quickly from its highly positive value 
back towards zero bias. As a result, 
the plate resistance of VT2 increases 
rapidly but smoothly as the retrace 
cycle progresses. 

This arrangement tends to smooth 
out the sweep cycle. Furthermore, 
since the rate of change of the plate 
resistance of VT2 depends on the R -C 
time constant of the grid circuit, it 
is possible to vary the damping by 
changing the setting of resistor Rs in 
the grid network. Since the damping 
action controls the amount of current 
in the deflection coils during the first 
part of the sweep cycle, Rs is a line- 
arity control for the first part of the 
sweep. 

As you can see, there are no controls 
in the plate supply of tube VT1. How- 
ever, there is a drive control (not 
shown) at the input of tube VT1. 

Notice that the cathode resistor of 
VT1 is not by-passed. This introduces 
degeneration, which improves the lin- 
earity of the sweep. 

Although it is not shown here, there 
is an extra primary winding on T1 
from which the high voltage needed 
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for the picture tube is secured. The 
circuit is like the one in Fig. 28 in 
this respect. 

VARIATIONS 
Most receivers in which electromag- 

netic deflection is used get the high 
voltage for the picture tube by the 
method just mentioned (that is, by 
using the high voltage peak that occurs 
across the primary of the output trans- 
former). An added advantage of this 
system is that it protects the picture 
tube, because the high -voltage supply 
to the tube is automatically cut off 
if anything happens to the sweep cir- 
cuit. However, a few receivers (par- 
ticularly early ones) have been made 
that use other methods of getting the 
high -voltage supply. 

In general, you will find that the 
deflection coils for the horizontal de- 
flection system will have low induct- 
ance and that an output transformer 
will be used. However, there is even 
an exception to this-one manufac- 
turer has made a circuit using hori- 
zontal deflection coils of high induct- 
ance, thus eliminating the need for 
an output transformer. This circuit 
is carefully designed to have very 
low distributed capacity so that it is 

still possible to get a fairly high fre- 
quency and thus obtain the retrace 
action in the same manner as in other 
receivers. 

You can always expect to find vari- 
ations of this sort where design engi- 
neers are trying to eliminate some 
particularly costly part or are trying 
to get around some patent restriction. 
In general, however, no matter how 
the circuit is changed, it must per- 
form the functions we have described 
if it is to have the proper sweep- 
characteristics. 

In the next Lesson, we shall show 
how the sweep chain can be controlled 
either directly by the synchronizing 
pulses that come in with the television 
signal or indirectly by a "lock" ar- 
rangement that in turn operates from 
these sync pulses. Just remember that 
the sweep circuits we have described 
all have the important characteristic 
of providing a continuous sweep so 
that the raster will be produced 
whether a signal is tuned in or not. 
This protects the picture tube. Then, 
when the signal is tuned in, the hold 
controls can be adjusted to make the 
sweep circuits lock in frequency with 
the sync pulses and thus scan in syn- 
chronism with the transmitted image. 
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Lesson Questions 
Be sure to number your Answer Sheet 55RH-3. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you 
the greatest possible benefit from our speedy personal grading service. 

1. Why is it necessary to have a sweep system that will keep the electron beam 
of the picture tube in motion whether we have a signal or not? 

2. In which type of sweep is the deflection voltage -operated? 

3. If one bright vertical or horizontal band is observed in a raster when no 
signal is being received, is the trouble caused by: (a) poor screen; (b) in- 
sufficient high voltage; (c) a.c. hum; or (d) non-linear sweep? 

4. Is the frequency of a blocking oscillator adjusted to be higher or lower 
than the desired frequency? 

5. If the second -anode voltage applied to an electrostatic picture tube is 
increased, will the amount of sweep voltage needed: (1) increase; (2) 
decrease; or (3) remain the same? 

6. What voltage wave form must be applied to the input of the sweep ampli- 
fier to create a saw -tooth current through electromagnetic deflection coils? 

7. Why does the use of a pentode as the vertical sweep amplifier make it pos- 
sible to apply a saw -tooth voltage to the grid of the tube and yet produce 
a saw -tooth current through the vertical deflection coil? 

8. When electrostatic scanning is used, why is it necessary to have more 
horizontal sweep voltage than vertical sweep voltage? 

9. Is a damper tube needed in the vertical sweep circuit? 

10. Why does the C -bias adjustment in a vertical sweep amplifier (Fig. 25) 
act as a linearity control? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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The ability to observe intelligently- to learn-to 
gain information-depends greatly upon your will- 
ingness to ask WHY. 

Don't simply take things for granted. Get in the 
habit of asking other people WHY. And most im- 
portant of all, ask yourself WHY-then find out the 
answers! 

Be a student for the rest of your life-be a per- 
son who seeks knowledge-be a person who wants 
to know-be a man who asks WHY! 

Thomas Edison became rich and famous because 
he was curious about the reasons for this and the 
reasons for that. He asked himself and others WHY. 
Alexander Graham Bell was able to invent the tele- 
phone, because he asked WHY. Marconi discovered 
much about Radio because he had the habit of ask- 
ing WHY. 

And so I advise you-a man who wants to know 
more and more about Radio and TV-to develop the 
lifetime habit of asking WHY. This will contribute 
much to your eventual success. 
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S'T'UDY SCHEDULE No. 56 

For each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly 
in your mind. Study each other step in this same way. 

1. Introduction Pages 1-6 

In this section, you first learn the general methods used to separate the 
sync signals from the video signal and to use them to control the sweep 

oscillators; next, you review the operation of R -C networks, which are 

widely used in sync separator circuits; and finally, you learn what con- 

stitutes a transmitted television signal. 

2. Sync Clippers Pages 6-12 

You study the various kinds of clipper circuits in this section. 

3. Sync Amplifiers and Segregating Circuits Pages 12-18 

In the first part of this section, you study the amplifier chains that are 

often used in networks; in the second part, you learn how the horizontal 
and vertical sync pulses are segregated. 

4. Sync Locking Circuits Pages 19-28 

Here you study various a.f.c. systems and a pulse -width system that are 

used to lock horizontal oscillators to the horizontal sync pulses. 

5. Answer Lesson Questions, and Mail your Answers to NRI for 
Grading. 

6. Start Studying the Next Lesson. 

COPYRIGHT 1949 BY NATIONAL TELEVISION INSTITUTE, WASHINGTON, D. C. 

(An Affiliate of the National Radic Institute) 

JD6M151 1951 Edition Printed in U.S.A. 
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INPUT 
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VIDEO I.F. 
DEMODULATOR 

SYNC AMPLIFIER 
SEPARATOR 

SOUND 
CHANNELS 

TELEVISION PICTURES can be 
produced properly only if we are 

able both to modulate the electron 
beam in the picture tube and to sweep 
the beam vertically and horizontally 
with sweep systems that can be locked 
with (controlled from) the transmit- 
ter. In previous Lessons, you have 
followed the picture signal to the grid 
of the picture tube and have learned 
how the sweep circuits operate. Now 
we are ready to see how it is possible 
to control the sweep circuits with the 
synchronizing pulses that are a part 
of the television signal as it comes 
from the transmitter. 

As you have learned, the oscillators 
of television sweep circuits are made 
free running so that voltages will be 
produced to protect the face of the 
picture tube when no signal is tuned 
in. The frequency at which each runs 
free is approximately the correct one 
for the sweep circuit in which it is 
used. These oscillators are arranged 
so that they can be made to fall in 
step with the synchronizing signal, 
thus making the sweep generators fol- 
low the transmitter scanning and re- 
construct the picture properly, element 
by element and line by line. 

VIDEO AMPLIFIER 
D.C. RESTORER 

SWEEP 
CIRCUITS 

POWER 
SUPPLIES 

The signal at the output of the 
video detector contains the picture in- 
formation that is used to determine 
the brightness of the spot. It also 
contains blanking pedestals, on each 
of which are the synchronizing pulses 
-one set of pulses for horizontal or 
line synchronization and another set 
for vertical or frame synchronization. 
Therefore, we must separate these 
pulses from the picture signal and 
then separate the line pulses from the 
vertical pulses. Once we have done 
so, we can obtain synchronization by 
applying the pulses to the sweep cir- 
cuits. 

As we shall show in this text, it is 
possible to separate the synchronizing 
pulses from the picture signal in a 
separator stage. Filter circuits may 
then be used to separate the two kinds 
of pulses from each other. Since there 
is more than one separation involved 
here, it is common practice to call the 
first operation "clipping," since effec- 
tively we "clip" the sync pulses from 
the rest of the signal. The operation 
of separating the two kinds of pulses 
is usually called "segregation." 

The synchronizing pulse amplitudes 
may not be as high as is desired, the 
polarity may be wrong, and it may 
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FIG. 1. Two forms of the basic R -C 
circuit. 

be desirable to shape the pulses some- 
what, so amplifying stages are com- 
monly used either before or after clip- 
ping to amplify and correct the sync 
pulses. 

In the simplest kind of synchroniz- 
ing systems-known as "trigger" sys- 
tems - the vertical and horizontal 
pulses are fed directly to the sweep 
oscillators after they have been segre- 
gated. These simplified trigger systems 
work satisfactorily as long as there is 
not a great amount of noise interfer- 
ence and not too much variation in 
amplitude between pulses coming from 
stations of different strength. Even in 
the face of considerable interference 
and signal variation, the vertical or 
field sweep can usually be made to 
lock satisfactorily with a trigger sys- 
tem, because the low -frequency verti- 
cal oscillator is relatively stable, and 
the kind of pulse that is used for con- 
trolling the vertical oscillators is of 
such shape that minor interferences 
are not too troublesome. 

The horizontal sweep is much more 
susceptible to variations in the con- 
trolling pulse, because loss of synchro- 
nization for even one line produces a 
"tearing" across the picture. There- 
fore, in many receivers you will find 
that the horizontal sweep oscillator is 
fed control pulses through a locking 
or automatic frequency control ar- 
rangement of such a nature that the 
average sync pulse spacing over sev- 
eral lines is used in a comparison sys- 

tem to lock the horizontal oscillator 
to the proper frequency. 

In this Lesson, we are going to learn 
all about the clipping and segregating 
of pulses, sync amplifiers, and the 
special locking circuits that are used 
to control horizontal sweep oscillators. 
However, before we get into these 
subjects, let's learn something more 
about the operation of an R -C charg- 
ing circuit. This rather simple network 
shows up in several different forms in 
the sync control chain. 

R -C RESPONSES 
The simple R -C network shown in 

Fig. 1 is used in a great number of 
ways in television because of the 
amazing variety of responses this cir- 
cuit has to waves of different shapes. 
We have shown two circuits in this 
figure. As far i as a.c. is concerned, 
their actions are the same. In most 
cases, the circuit in Fig. lA (in which 
the lower end of the resistor is ground- 
ed) is used; sometimes, however, it 
is necessary to ground the condenser, 
in which case the circuit in Fig. 1B is 
used. You may, therefore, find either 
arrangement in television circuits. 
Just remember that the response of 
each is the same. 

When the input voltage e applied 
to the circuit in Fig. lA is a sine wave, 
the only effects produced on the volt- 
age are that it is divided and is 
shifted in phase. That is, as the fre- 
quency decreases, more voltage ap- 
pears across the condenser and less 
across the resistance, and the resist- 
ance drop gets more out of phase with 
respect to the source voltage. How- 
ever, the wave shape is still that of a 
sine wave. It is important for you to 
remember this fact-the response of 
this network to a sine -wave voltage 
is that a sine -wave voltage appears 
across each of the parts. The relative 
amplitudes of these voltages depend 
on the ratio of the reactance to the 
resistance. When we apply a voltage 

2 



that is not a sine wave, however, the 
response of this circuit becomes very 
different. 

Square -Wave Response. Let us 
briefly review the response of a cir- 
cuit of this sort to the kind of wave 
shapes used in the sweep chain. You 
will recall that if a d.c. voltage is ap- 
plied suddenly by turning on a switch, 
the condenser will charge up at a rate 
determined by the time constant of 
the R -C parts. Therefore, when a d.c. 
voltage is applied suddenly as in Fig. 
2A, there will be at first a rush of 
current to charge the condenser. This 
current flow is limited by the series 
resistor R. Initially, the condenser 
will have no voltage across it, but the 
charge will build up until eventually 
the condenser voltage equals the volt- 
age of the source. Thus, the condenser 
voltage curve is somewhat like curve 
I in Fig. 2B. 

FIG. 2. Response of an R -C circuit. 

The current through the circuit 
(curve 2) goes down as the condenser 
voltage goes up. The voltage drop 
across the resistor is in phase with 
the current flow through the circuit, 
so that curve 2 can also represent the 
voltage across the resistor. Thus, the 
resistor voltage is maximum and the 
condenser voltage is minimum when 
the circuit is first turned on; the con- 
denser voltage then goes up, whereas 
the resistor voltage goes down. 

Since the rate at which the con- 
denser charges depends on both the 
size of resistor R and the size of the 
condenser, the charging curve changes 
in shape if different part values are 
used. For example, if either the con- 
denser or the resistor (or both) is 
made larger, it will take longer for 
the condenser to charge, so the charg- 
ing curve will be flatter. Fig. 2C shows 
curves for the condenser charging ac- 
tion in circuits having different time 
constants. Curve 1 is the curve for 
the circuit having the shortest time 
constant, curve 4 that for the circuit 
having the longest time constant. 
From these curves, you can see that 
the voltage across the condenser at a 
particular time depends on the time 
constant of the circuit: shortly after 
the switch is closed, the voltage can 
be high if the circuit has a short time 
constant but fairly low if the time 
constant is long. After a while, of 
course, the condenser in either kind of 
circuit will charge to approximately 
the source voltage. 

If the applied voltage is turned off 
and the circuit is short-circuited, it 
will discharge along a curve much like 
the charging curve except that it will 
be inverted. If we apply power and 
turn it on and off regularly, or apply 
a square -wave a.c. signal, we will get 
a charging action that begins at the 
start of each pulse and a discharging 
action that starts at the end of each 
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pulse. Thus, if we have the pulses 
1-4, 5-8, and 9-12 shown in Pig. 2D, 
the condenser will start to charge 
when the "leading" edge of each pulse 
(the change 1-2, 5-6, or 9-10) occurs, 
and will start to discharge in step 
with the "lagging" edges (3-4, 7-8, or 
11-12). 

Fig. 3 shows the action for different 
time constants. Notice how the volt- 
ages across the condenser and resistor 
depend on the time constant of the 
circuit. 

If the time constant is long, the con- 
denser can charge but slowly. Hence, 
the resistance voltage rises to a maxi- 
mum in step with the leading edge of 

LEADING EDGE 
GGING EDGE c ec 

INPUT PULSES = f 
R eR 

i 

R 

O LONG RC O MEDIUM RC Q SHORT RC 

FIG. 3. Variations in output voltages pro- 
duced by changing the time constant of 

an R -C network. 

the square wave, then drops off grad- 
ually. At the lagging edge, the cur- 
rent flow reverses its direction, and 
since the condenser voltage adds to 
the supply voltage on each alterna- 
tion, the resistor voltage changes 
sharply to the opposite polarity. 
Therefore, when the time constant is 
long, the voltage across the condenser 
and that across the resistor have the 
shapes shown in Fig. 3B. During the 
time the pulse is applied, the voltage 
across the resistor will remain at a 
high value because there is current 
flow through it all the time until the 
condenser is fully charged. Since the 

condenser is charging very slowly, 
there is practically a constant voltage 
across the resistor during the charg- 
ing time. 

If the circuit has a medium time 
constant, the condenser charges more 
rapidly, and the voltage across the 
resistor drops more rapidly. The 
curves for such a circuit are shown in 
Fig. 3C. 

If the time constant is very short, 
the voltage curves are like those 
shown in Fig. 3D. Notice particularly 
the resistor voltage. Effectively, what 
we get is a very high, sharp pulse 
(point 1) in step with the leading edge 
of the applied square -wave voltage, 
and another similar pulse (point 2) 
at the time of the lagging edge of the 
square -wave voltage. 

This ability to produce a very sharp 
pulse in synchronism with the leading 
and lagging edges of the applied pulse 
is quite important, as we shall show 
later. 

Incidentally, the low - frequency 
components of the signal appear 
across the condenser because the con- 
denser reactance becomes higher at 
these frequencies. Therefore, the re- 
sistor voltage represents the high -fre- 
quency elements in the applied signal. 
If this network is arranged so that the 
desired output is taken from across 
the resistor, it is known as a "differ- 
entiating" network, whereas if the 
output is taken from across the con- 
denser, it is called an "integrating" 
network. These terms will be met 
again later in this text. 

Special Wave Shapes. There are 
occasions in the circuits we are going 
to study in which more than one of 
these R -C networks may be used in 
cascade. In particular, you may find 
two or more integrating circuits used 
after one another to get a wave of 
some particular shape. 

For example, Fig. 4A shows a kind 
of pulse that is applied to an inte- 
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FIG. 4. Responses of integrating circuits 
to various wave forms. 

grating circuit in one part of a TV 
set. The very high swings in the nega- 
tive direction are sufficient to force 
the discharge of the circuit; as a re- 
sult, the voltage across the condenser 
has the saw -tooth form shown in Fig. 
4B. Then, this saw -tooth voltage can 
be fed into another integrating circuit 
from which we will get the parabolic 
curves shown in Fig. 4C. 
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It is important when we consider 
the operation of a circuit like this to 
realize that the pulses shown in Fig. 
4A are actually squared pulses. For 
example, the wave form in Fig. 4D 
looks very much like that in Fig. 4A 
until you realize that the pulses in D 
are really halves of sine waves. Since 
a sine wave comes through an inte- 
grating circuit unchanged, the result 
of feeding pulses like those in D to an 
R -C circuit is much as is shown in 
Fig. 4E. Here, integration occurs dur- 
ing the flat portions of the wave, but 
the "dip" in the wave E looks exactly 
like the sine -wave portion of the orig- 
inal signal in D. 

Naturally, the exact wave shape 
produced by an R -C circuit will de- 
pend upon whether it has a short, me- 
dium, or long time constant, and hence 
there are very many different possible 
shapes that are obtainable. 

STANDARD TV SIGNAL 
The various signals that are sent 

out by the transmitter in the region of 
the vertical blanking during the scan 
of one frame (two fields) are shown in 
Fig. 5. Among these is the picture 
signal for each line, at the end of 
which there is a blanking pedestal. 
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This blanking pedestal represents a 
voltage that is capable of cutting off 
the electron beam when it is applied 
to the picture tube; therefore, the ped- 
estal represents a "black" signal. On 
this pedestal is the line (horizontal) 
sync pulse. 

The vertical blanking period starts 
when the bottom of the picture is 
reached. It exists for the time that 
it takes to scan about nineteen or 
twenty lines. At a time approximately 
three lines from the beginning of the 
vertical blanking period, the vertical 
sync pulse begins. It lasts for a time 
duration of three lines. It is followed 
by horizontal synchronizing pulses 
during the vertical blanking period in 
which the vertical retrace carries the 
beam back up to the top of the pic- 
ture. At the top of the picture, several 
lines are blanked out; during this 
time, the circuit settles down and 
prepares for the actual visible por- 
tion of the picture. 

You can see from Fig. 5 that the 
horizontal and the vertical sync pulses 
are on blanking pedestals; therefore, 
they extend above even the signal 
levels that represent a black picture, 

and, as a result, cannot produce a 
visible picture on the face of the pic- 
ture tube. A further examination of 
the sync pulses will show that the sec- 
tions of the vertical pulse are quite 
broad compared to the horizontal 
sync pulses. 

Pulses of a third kind-the equaliz- 
ing pulses - also exist in the trans- 
mitted signal. These are even nar- 
rower than the horizontal sync pulses 
and occur at half-line intervals rather 
than at one -line intervals. These 
equalizing pulses, as we shall show 
elsewhere, are needed so that we can 
maintain horizontal sync during the 
vertical sync pulse; they break up the 
otherwise solid vertical sync pulse 
into segments, and exist for a time 
before and after the vertical sync 
pulse. Therefore, we have three dif- 
ferent kinds of pulses, all of the same 
amplitude but of quite different 
widths, in the transmitted signal. All 
these pulses are capable of being sep- 
arated from the signal by an ampli- 
tude clipper, because each of them is 
above the level of the highest signal 
voltage. Let's go on to see how this is 
done. 

Sync Clippers 
The job of separating all the sync 

pulses from the picture information is 
made easier by the fact that the for- 
mer are all above and the latter are 
all below the level of the blanking 
pedestals. If we feed a signal like that 
shown in Fig. 6A into a properly de- 
signed clipping circuit, it can cut off 
the picture information from the sync 
pulses, producing an output like that 
shown in Fig. 6B. All pulses above 
the pedestal level can be removed in 

BLANKING 
PEDESTALS 

o 

O 
FIG. 6. 

SYNC PULSES 
CLIPPING 

LEVEL 

fit 
PICTURE INFORMATION 

CLIPPED SYNC PULSES - 
How sync pulses are clipped. 
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FIG. 7. The d.c. and a.c. forms of a TV 
signal. 

this way-it does not matter to the 
clipper circuit whether they are hori- 
zontal sync, vertical sync, or equaliz- 
ing pulses. 

It is possible to use diode, triode, 
or pentode tubes in clipper circuits. 
Before we study the many different 
kinds of clippers, let us learn a little 
more about what the requirements for 
clipping are. 

D.C. Level. The first requirement 
is that the pedestals must be lined up 
before a television signal can be 
clipped. That is, we must have the 
signal in its d.c. form. You will recall 
that all the pedestals are at the same 
level, as shown in Fig. 7A, when the 
signal is in its d.c. form. When it is 
in the a.c. form, on the other hand, the 
pedestals are not at the same level. 
As a simple example, let us suppose 
that we are using a clipper stage that 
has an operating curve like that 
shown in Fig. 8. When the signal is 
in the d.c. form shown in Fig. 8A, and 
the pedestals are lined up with the 
cut-off bias value, the plate current 
will contain only the sync pulses (Fig. 
8B). On the other hand, if we apply 
the signal in its a.c. form (Fig. 8C), 
the output will have the form shown 
in Fig. 8D. In this case, if we set the 
bias so that the pedestals for a gray 
line match up with the cut-off value, 

we will get the pulses from this line. 
However, the black line pulses will be 
rejected completely, and part of the 
video signal will pass along with the 
white line sync pulses. 

From the foregoing, you can see 
that we can get clipping quite easily 
by lining up the pedestals with the 
cut-off point of a tube as long as we 
have a d.c. signal form. Therefore, as 
a requirement for clipping, either the 
clipper must be d.c. coupled to some 
point in the video amplifier where the 
signal exists in a d.c. form, or we must 
introduce restoration to get it back to 
this form at the input of the clipper. 

BASIC DIODE CLIPPER 
Fig. 9 shows a basic diode clipper 

circuit. As you will recall, it is pos- 
sible for a television picture to have 
either a negative or a positive picture 
phase at the output of the video de- 
tector or in the video amplifier. 

Let us suppose first that we have 
the negative picture phase shown in 

fc 

LL W 14, 
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ó 
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3 

OUTPUT FOR 
A.C. FORM 

OUTPUT FOR 
D.C. FORM 

0 
D.C. FORM OF 
INPUT SIGNAL 
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INPUT SIGNAL 

FIG. 8. Why a d.c. signal form must be 
used for clipping. 
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FIG. 9. Basic diode dipper circuits. 

Fig. 9A. (The whiter the scene, the 
more negative the voltage in this 
case.) If we apply this to the diode 
circuit shown in Fig. 9B, we will get 
an exact replica of the signal across 
the load resistor R. In this case, clip- 
ping has not occurred. However, if 
we introduce a bias at point X of such 
a polarity that point G is made nega- 
tive with respect to ground, the pic- 
ture signal must overcome this bias 
before any current can flow through 
the diode tube. Hence, if we arrange 
this bias so that only the sync pulses 
can make the diode plate positive and 
cause current flow, we can secure the 
form of clipping that was shown in 
Fig. 8. Of course, we must start with 
a signal in which the pedestals are 
lined up. 

If the signal has a positive picture 
phase (Fig. 9C), we must invert the 
diode as shown in Fig. 9D. With this 
arrangement, terminal G will always 
be negative with respect to A when a 
signal is applied, so no current will 
flow. However, the pulses are in such 
a direction that the terminal G will 
become less negative during the sync 
pulses. Therefore, we must introduce 
a bias voltage at point X of such a 
polarity that point G will be made 
negative with respect to ground. If 

this bias voltage is properly adjusted, 
the sync pulses will drive the plate of 
the diode sufficiently positive with re- 
spect to the cathode for current to 
flow, but the rest of the signal will 
overcome the bias and cut off current 
flow. 

With these diode circuits, the out- 
put pulses will have the polarities in- 
dicated across the load resistor R in 
either B or D in Fig. 9. In both in- 
stances, we need to apply a bias volt- 
age to the diode so that it will conduct 
only on the sync pulses. Of course, 
this bias voltage need not come from 
a separate source-it is possible to 
obtain it as a result of signal rectifica- 
tion in the diode itself. A more typical 
diode circuit arrangement in which 
self -bias is used is shown in Fig. 10. 

With the arrangement shown here, 
the tube VT, acts as a clipper and is 
independent of the video detector and 
video amplifier. It gets its signal from 
the i.f. transformer Lt, which is tuned 
by condenser C,. This signal is ap- 
plied to the video detector and also 
to the clipper VT,. On the positive 
pulses of the signal, rectification takes 
place in the clipper tube, and con - 

FIG. 10. Practical self - biased diode 
clipper. 
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denser C2 becomes charged with the 
polarity shown. It cannot discharge 
rapidly through the high resistance 
R1, so its voltage becomes an average 
bias value that follows the signal 
levels. Hence, we have effectively a 
form of d.c. restoration that lines up 
the pulses. At the same time, this 
bias voltage is of such value that only 
the sync pulses can overcome it and 
cause current flow through resistor R2. 

Here, condensers C$ and C. and re- 
sistor Rs act as a low-pass filter to 
remove any r.f. that appears across 
R21 thus, the output of the clipper 
contains only the sync pulses. These 
pulses may be fed to either a sync 
amplifier or a segregation network. If 
the polarity of the pulses is wrong for 
the sweep oscillator, either an ampli- 
fier must be used to invert the polari- 
ty, or tube VT1 must be inverted so 
as to obtain pulses having the opposite 
polarity. 

Since the clipper tube VT1 can act 
as its own d.c. restorer, we are now 
free to connect it to any point we wish 
in the. video amplifier, whether the 
pedestals are lined up at that point or 
not. This allows us to take advantage 
of the extra gain of the video stages. 
It is becoming common practice to 
take the sync pulses from the output 
of the video amplifier. However, it is 
possible to take these pulses from an- 
other stage if polarity is a problem. 

It is even possible to d.c. couple, as 
shown in Fig. 11, to some point where 
the video signal exists. Here, the sig- 
nal exists across R1, which may be a 
grid resistor or even a load resistor 
in the video circuit. Tube VT1 is ar- 
ranged in a network such that the 
bias developed by R2 and Cl will 
either act as a bias to provide clipping 
(if the signal across R1 is in the d.c. 
form) or act as a restorer if the signal 
across R1 is in the a.c. form. The sync 
pulses are produced across the resistor 
R8. 

Although the diode clipper is per- 
fectly satisfactory as a means of sep- 
arating the picture signal from the 
synchronizing pulses, it does not am- 
plify; also, it tends to load the source, 
thus affecting the frequency response 
of the video amplifier. Clipper circuits 
in which triodes and pentodes are used 
have been developed that do not have 
these disadvantages. Let us see how 
they work. 

TRIODE CLIPPER 

A simple triode clipper is shown in 
Fig. 12B. When the signal shown in 
Fig. 12A is applied to this circuit, grid 
current will flow, charging condenser 

VT1 

SYNC 
PULSES 

FIG. 11. D.C. coupling to a diode clipper. 

C1. If the proper values are used for 
C1 and R1f this charge will reach such 
a point that all of the signal below 
the clipping level will be beyond cut- 
off, and only the sync pulses will drive 
the tube into the conducting region. 
The amplification of the tube will 
cause the output pulses developed 
across R2 to be larger than the original 
sync pulses. Since it is quite desirable 
to have large pulses, circuits of this 
sort are frequently used in TV sets. 

Of course, such a tube inverts the 
phase of the pulses 180°. If the input 
pulses are going in the positive direc- 
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tion as shown in Fig. 12A, they will 
be going in the negative direction 
across R2. Pulses of this polarity can 
be used to operate a multivibrator 
oscillator but not a blocking oscilla- 
tor; if the latter is used in the sweep 
circuits, therefore, it will be necessary 
to invert the phase of the sync pulses. 

Such phase inversion may be ob- 
tained by following this clipper stage 
with an amplifier or by inverting the 
phase of the signal at the input to the 
clipper. If the latter method is used, 
some changes must be made in the cir- 
cuit. That is, if a signal of the kind 
shown in Fig. 12C is applied, the cir- 
cuit must be modified as shown in 
Fig. 12D, and the tube must be made 
to operate at the plate current satu- 
ration point at the upper knee of its 
characteristic curve. When this oper- 
ation is used, signal swings will drive 
the grid more positive, but no more 
plate current can flow. On the other 
hand, the sync pulses will decrease the 

O 

FIG. 12. Two triode clipper circuit 
arrangements. 

grid voltage and thus reduce the plate 
current. 

The operation of this circuit over 
the upper knee of the charactertistic 
curve is shown in Fig. 12E. The bias 
applied through resistor R1 from a 
separate source must hold the tube 
grid near zero bias or even slightly 
positive to produce this operation. In 

VTI TO HORIZONTAL 
SYNC AMPLIFIER 

TO VERTICAL 
SYNC AMPLIFIER 

°2x 

a+ 

FIG. 13. Typical pentode clipper circuit. 

addition, the plate voltage in this 
stage is made low so that saturation 
occurs near zero bias. 

Resistor R2 is added to the circuit 
shown in Fig. 12D so that if the tube 
should draw an abnormally high grid 
current, as it may when a strong noise 
pulse comes through, the circuit will 
not be blocked and rendered inopera- 
tive. 

The output pulse is of course oppo- 
site in polarity to the plate current 
change-a drop in the plate current 
causes a rise in the plate voltage, with 
the result that the sync pulses are 
positive at the output of this circuit. 

PENTODE CLIPPER 
The pentode tube lends itself very 

well to use as a clipper. A typical 
circuit arrangement is shown in Fig. 
13. The initial bias that produces tube 
cut-off is obtained by grid rectification 
-condenser C1 charges when the grid 
goes positive and then must discharge 
through the relatively high resistance 
R1. Therefore, the basic clipping ac- 
tion of this circuit is much like that 
of those we have already described. 

However, we can get another action 
from the pentode circuit by reducing 
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the plate and screen grid voltages to 
very low values. The voltage division 
produced by resistors R, and R, in 
the circuit in Fig. 13 is such that the 
plate voltage is quite low-it may be 
only about 5 to 10 volts,. The screen 
grid voltage, which is determined by 
the voltage division between R, and 
R., is also low. 

With both these voltages very low, 
the circuit will saturate quite easily, 
producing the action shown in Fig. 14. 
Once the initial clipping bias has been 
set up, the picture signal (which 
swings below the cut-off point) will 
cause no plate current. The sync 
pulses will cause plate current, but, 
because of the upper saturation bend 
of the characteristic, there is a limit 
to the amount of plate current they 
can cause. If the sync pulses are 
higher than the saturation level, they 
will be cut off as shown here. There- 
fore, the circuit can take sync pulses 
of different amplitudes and produce 
pulses of constant amplitude from 
them. Hence, noise pulses and in- 
creases in the signal strength that 
might change the amplitude of the 
sync pulses will all be wiped out by 
this circuit. This feature makes the 
pentode clipper rather popular. With 
other clippers that do not have this 
limiting feature, you will generally 

INCREASE 

CURRENT 

DECREASE 

PLATE CURRENT SATURATION 

OUTPUT 
PULSES 

- GRID VOLTARE + 

INPUT PULSES 

FIG. 14. Limiting action of a pentode 
clipper. 

TO OUTPUT 
OF VIDEO 
AMPLIFIER 

SYNC 
PULSES 

FIG. 15. A double clipper circuit. 

find that one or more of the associated 
amplifiers (we are going to study 
these) will be arranged to provide a 
limiting action like the one that is 
obtained in the pentode stage. 

Resistor R, is added in the circuit 
of the pentode clipper in Fig. 13 so 
that strong noise pulses will not cause 
excessive grid currents and thus de- 
velop a blocking bias. 

DOUBLE CLIPPER 

The same clipping plus amplitude 
limiting that is obtainable with a 
pentode can be obtained with two 
triodes used in the circuit shown in 
Fig. 15. These two triodes can be in 
the same envelope in the form of a 
dual triode. 

Initially, the basic clipping occurs 
in the grid circuit of VTl, where the 
grid current flow charges condenser 
Cl. 

The pulses existing across R, are 
therefore separated by VT, from the 
video signal, but the pulses may be 
of unequal amplitudes. However, VT, 
has inverted the phase, so that the 
pulses are now swinging in the nega- 
tive direction. When these pulses are 
applied to tube VT the pulses above 
a certain amplitude will be beyond 
cut-off, so amplitude limiting (or sec- 
ond clipping) occurs. VT, inverts the 
phase again, so that the output pulses 
across R. now swing in the positive 
direction. 

Notice that the grid circuit of VT, 
does not provide a bias to follow the 
pulses. Such a bias is unnecessary 
because the pulses swing negative. 
This is fortunate, because it makes it 
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FIG. 16. Sync -damper circuit. 

possible to use a low resistance as grid 
resistor R3 ; it is necessary to use a low 
resistance here to provide wide band 
response so that the sync pulses can 
get through without distortion. 

Sync Clamper. Although it is pos- 
sible to produce d.c. restoration in the 
clipper circuit quite simply by grid 
rectification, it is sometimes undesir- 
able to do so, particularly when we 

want the clipper to act reasonably 
well as an amplifier. In such cases, 
often a fixed bias is applied to tht, 
clipper; a separate diode rectifier is 
then used for d.c. restoration. A typi- 
cal circuit is shown in Fig. 16. The 
diode rectifier VT, acts in conjunction 
with Cl and Rl as a d.c. restorer just 
like those used in the video amplifier. 
The restored signal across Rl is fed 
to the clipper tube VT2. This tube is 
so biased that the pedestals line up at 
the cut-off point, and plate current 
will flow only on the swings of the 
sync pulses into the less negative grid 
region. 

Although tube VT, acts exactly like 
any other d.c. restorer, it is given the 
name of "clamper" to distinguish be- 
tween it and the true d.c. restorer that 
operates on the picture signal. 

Sync Amplifiers and Segregating 
Circuits 

As we have pointed out, it is pos- 
sible to obtain the desired signal for 
the clipper (the picture signal plus the 
sync pulses) anywhere in the video 
amplifier, from the second detector to 
the grid of the picture tube. Whether 
or not the signal is in its d.c. form at 
the point from which it is taken is 
not particularly important; as we 
have shown, it is always possible to 
produce d.c. restoration in the clipper 
circuit if necessary. Of more impor- 
tance are the phase of the signal and 
the level of the sync pulses. 

The picture phase on which the 
clipper is designed to operate restricts 
the number of points from which the 
signal can be taken. Obviously, if 
the clipper requires positive pulses, we 
must take the signal from some point 

in the video amplifier where the pulses 
are swinging in the positive direction, 
and conversely for a clipper that re- 
quires negative pulses. 

The strength of the sync pulses (and 
consequently the definiteness of the 
control action) depends upon the 
point in the video amplifier from 
which the signal is taken, increasing 
as the point is moved farther along. 
Therefore, there is a growing tendency 
to get the signal for the clipper from 
near the output of the video amplifier. 
In most modern receivers, in fact, you 
will find that the sync pulses are ob- 
tained either from the plate circuit of 
the output video stage or from its 
grid circuit, depending upon the point 
at which the signal phase is proper for 
the clipper circuit. 

12 



Many manufacturers do not feel 
that even the signal from the video 
amplifier is strong enough for best 
clipping. For this reason, they very 
frequently include an amplifying 
stage ahead of the clipper. This am- 
plifier may be either a triode or a 
pentode tube. When such an addi- 
tional amplifying stage is used, the 
fact that it inverts the picture phase 
180° must be taken into consideration 
so that the clipper itself will be fed 
with signals having the proper phase. 

It is also common practice to in- 
clude amplifiers following the clipper. 
There may even be amplifiers follow- 
ing the point at which the synchroniz- 
ing signals are segregated-an ampli- 
fier for the vertical pulses being en- 
tirely separate from one that is used 
for the horizontal sync pulses. 

As a matter of fact, the double 
clipper shown in Fig. 15 acts as a 
double amplifier. It is possible to set 
the bias so that the second tube will 
serve only as an amplifier rather than 
as a second clipper (amplitude limi- 
ter). Usually, however, the circuit is 
arranged so that the amplifier gives 
the second clipping and thus removes 
noise pulses that might drive the sync 
pulses to amplitudes that would be 
higher than normal. 

Fig. 17 shows a typical chain con- 
sisting of an amplifier, a clipper, and 
a second amplifier. In this circuit, 

TO 
VIDEO 

OUTPUT VTI 

CI 

-I8V 
-2V 

2 

VT 

+275 

tube VT, is biased for normal opera- 
tion as an amplifier. In this example, 
instead of using self -bias, the grid 
bias is obtained from a voltage di- 
vider arrangement that operates from 
taps on the power supply. This volt- 
age divider is adjusted so that the 
proper operating bias is obtained. 
Manufacturers use arrangements like 
this rather than furrish additional 
taps on the voltage divider in the 
power supply. 

The sync pulses obtained from the 
video output in this instance are in 
the negative direction. Tube VT, am- 
plifies both the pulses and the signal 
components. However, the arrange- 
ment is such that if any sync pulses 
are driven very far negative by noise 
pulses, they will be beyond the tube 
cut-off point. This tube therefore pro- 
vides an initial clipping of the ampli- 
tude of the pulses. 

Since VT, inverts the phase of the 
pulses, it feeds positive pulses into 
tube VT2. The operating voltages ap- 
plied to this tube are such that the 
picture signal is cut off at the pedestal 
level because all the picture signal is 
below the cut-off level set for the 
tube. D.C. restoration occurs in the 
grid circuit of this tube to align the 
pedestal levels. 

At the output of VT2, the pulses are 
again negative. If positive pulses are 
needed-for application to the grid of 

+135V 

SYNC 
OUTPUT 

FIG. 17. Typical sync amplifier clipper chain. 
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FIG. 18. Circuit furnishing positive and 
negative pulses. 

a blocking oscillator, for example-an 
additional amplifying tube VT3 is 
used to increase the strength of the 
pulses again and to invert their phase 
to give an output of the proper polari- 
ty. At the same time, any pulses that 
swing too far negative will be clipped 
again by VT3; at its output, there- 
fore, the pulses are restricted and are 
practically all of the same amplitude. 
This removes any increases in the 
pulse levels caused by noise or other 
interferences. 

Although we have spoken of the 
"proper" polarity for the pulses, it 
may be that we want pulses of both 
polarities after clipping, since one of 
the sweep chains may use a multi - 
vibrator and the other a blocking os- 
cillator. Fig. 18 shows a circuit that 
will furnish pulses of both polarities 
at the same time. The amplified pulses 
across Rz in the cathode circuit of the 
tube have the same phase as the sig- 
nal that comes from the clipper, 
whereas the phase of the voltage in 
the plate circuit, across R3, is inverted 
180°. Thus, if the pulses from the 
clipper have a positive phase, the out- 
put from terminal 1 will also be posi- 
tive, but that from terminal 2 will be 
negative. 

To sum up, the chain of stages used 
to extract the sync pulses from the 
transmitted signal may consist only of 
a clipper, but it is more usual practice 
in the receivers of today to have at 
least one amplifying stage in addition 
to the clipper and possibly to have as 
many as three or four amplifiers-one 
ahead and one after the clipper, plus 
an additional one either in the hori- 
zontal or in the vertical chain, or in 
both. One or more of these amplifiers 
may serve as an amplitude limiter 
(second clipper) as well as perform as 
a normal amplifier. In addition, you 
may find a clamper tube used to give 
d.c. restoration. 

SYNC SEGREGATION 
The final product at the output of 

the clipper or at the output of a fol- 
lowing amplifying stage consists of 
three kinds of pulses. We have the 
line pulses that occur at the end of 
each line. Then, we have the vertical 
pulse, which exists for a space occu- 
pied by three lines, but which is cut 
up at half-line intervals so that the 
horizontal or line synchronization 
may be maintained during it. 

For a space of three lines before 
the vertical pulse and for another 
three -line space after the vertical 
pulse, there exists a series of equaliz- 
ing pulses. These pulses occur at 
twice the horizontal or line pulse rate 
-at half-line intervals, in other words. 
These equalizing pulses serve to cut 
up the vertical pulse and to provide 
line synchronization at the end of 
each field. You will recall that one 
field ends in the middle of a line, but 
the next one ends exactly at the end 
of a line. Therefore, there is a half- 
line difference in the two fields, a con- 
dition that is necessary for interlaced 
scanning. Since the equalizing pulses 
are at half-line intervals, alternate 
equalizing pulses are used just like 
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i 
LINE PULSES 

FIG. 19. The line, equalizing, and vertical sync pulses in a TV signal. 

the line pulses to control the horizon- 
tal sweep chain. One set of equalizing 
pulses is at the end of one field and 
the other set at the end of the next, 
but the action is the same. 

The various pulses are shown in 
Fig. 19. This figure shows the relative 
widths of the pulses; as you can see, 
they are different in their widths as 
well as in their frequencies. 

Once the sync signal containing 
these three kinds of pulses has been 
separated from the video signal, we 
must separate the line and equalizing 
pulses from the vertical pulse so that 
the horizontal pulses can be applied 
to the horizontal sweep chain and the 
vertical pulses can be applied to the 
vertical sweep chain. To separate 
these two types of pulses, we use R -C 
networks. 

Horizontal Separation. We can 
obtain a control pulse that will be 
timed exactly by the leading edge of 
the horizontal pulses by using a dif- 
ferentiating network like that in Fig. 
20 having a short time constant. Fig. 
21 shows what happens when the 
group of pulses in Fig. 19 is fed to 
such a network. 

In Fig. 21A, we have repeated the 
group of pulses that we had in Fig. 
19. When the pulses are fed into the 
differentiating network, the output 
across R, will be like that shown in 
Fig. 21B. Every time there is a sharp 
change in the voltage caused by either 
the leading or lagging edge of a pulse, 
a corresponding sharp pulse will be 
developed across R1. As Fig. 21B 
shows, these pulses will be caused by 
the edges of each pulse in the output 
of the clipper, whether the original 

pulse is a horizontal (line) pulse, an 
equalizing pulse, or the serrations in 
the vertical pulse. 

Notice that the leading edges pro- 
duce pulses having a polarity that is 
opposite to that of the pulses produced 
by lagging edges. Only the pulses pro- 
duced by the leading edges (the pulses 
numbered from 1 to 22 in Fig. 21B) 
are properly spaced to be usable for 
horizontal synchronization, because 
they are spaced so that they are either 
one-half line or one line apart. The 
space from pulse 1 to pulse 2 in Fig. 
21B, for example, is equal to one line. 
The same is true of the spacing be- 
tween pulse 2 and pulse 3. The pulses 
from 3 to 21 are a half-line apart, 
because they occur in step either with 
the equalizing pulses (those from 3 to 
8 or from 15 to 21) or with the half- 
line intervals in the vertical sync 
pulse (those from 9 to 14). 

On the other hand, the pulses pro- 
duced by the lagging edges in Fig. 
21B cannot be used, because they are 
upset at the beginning and end of the 
vertical pulse. They are spaced prop- 
erly from pulse 23 to pulse 24, but 
the space from pulse 24 to pulse 25 
is not equal to either one line or a 
half line. Then, the space from pulse 
26 to pulse 27 is less than a half line. 

Of course, since the pulses produced 
by the leading and lagging edges are 

CI 
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FIG. 20. Typical differentiating network. 
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FIG. 21. The pulses in B are produced by feeding those in A into a differentiating 
network. 

opposite in polarity, it is simple to 
arrange for only those produced by 
the leading edges to be used. For ex- 
ample, let's assume that the pulses 1 

through 22 are all in the positive di- 
rection, which makes the other pulses 
extend in the negative direction. If 
we apply these pulses to the input of 
a blocking oscillator, only those mov- 
ing in the positive direction will be 
able to set off the circuit. Suppose, 
for example, that the pulse chain 
shown in Fig. 22 is applied to the grid 
of a blocking oscillator. Since the 
pulses Sl, S21 and S, swing in the posi- 
tive direction, they will force the grid 
voltage above the cut-off level, so that 
the blocking oscillator will produce its 
pulses in step with these synchroniz- 
ing pulses. Pulses of the opposite po- 
larity (S5 -S7 -S8 -Sa -S10) will be ig- 
nored by the circuit. 

We mentioned that there are pulses 
at half-line intervals during the equal- 
izing and vertical pulse intervals. 
However, as Fig. 22 shows, half-line 
pulses S, and S5, although of the right 
polarity, are not of sufficient ampli- 
tude to drive the blocking oscillator 
grid voltage above the cut-off level. 
Hence, these pulses are simply ignored 
-only those occurring at the right 
time (that is, near the time when the 
oscillator would operate by itself) can 
control the horizontal blocking oscilla- 
tor. 

At the end of every alternate field, 

however, these half-line pulses take 
over control of the horizontal oscilla- 
tor. This occurs because alternate 
fields end in the middle of a line. Dur- 
ing one vertical sweep, therefore, the 
pulses S, and S5 occur at the wrong 
times to exert control; during the next 
field, however, they occur at the right 
times and trigger the horizontal oscil- 
lator. 

If the horizontal system uses a 
multivibrator, we need pulses with a 
negative polarity if the signal is to 
be applied to the grid of the first tube. 
As you saw a moment ago, the nega- 
tive pulses (Fig. 21B) produced by the 
trailing edges cannot be used because 
they are not properly spaced. Hence, 
either we must invert the clipper so 
as to produce pulses of the opposite 
polarity, or we must feed the pulses 
shown in Fig. 21B through an ampli- 
fier stage to invert the phase 180° 
and therefore make the positive pulses 
become negative ones. In this case, 
we don't want the pulses that go in 
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FIG. 22. How alternate positive half-line 
pulses can control a blocking oscillator. 
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the wrong direction, so this amplifying 
stage can act as a clipper, as shown 
in Fig. 23, to remove the pulses that 
swing in the wrong direction. If we 
overdrive this amplifier and use a low 
plate voltage, the pulses will be re- 
shaped and limited in amplitude and 
thus be better for use as control 
pulses. Since the use of such a circuit 
makes it necessary to have one more 

FIG. 23. Using a horizontal sync ampli- 
fier as a clipper. 

tube, it is more common to arrange 
the clipper to give pulses of the proper 
polarity. 

Vertical Separation. Now that we 
have satisfactorily arranged for get- 
ting the horizontal pulses, we need to 
get the vertical control pulse. We can 
do so by using an integrating circuit 
like the one shown in Fig. 24. If the 
time constant is made long enough, 
the horizontal pulses will be ignored 
(they produce little charge) , but a 
control pulse is produced during each 

FIG. 24. Typical integrating network. 

vertical pulse interval. 
When the pulses shown in Fig. 25A 

are fed into this circuit, its output 
will be like that shown in Fig. 25B. 
Because of the long time constant, the 
condenser is charged only slightly 
during each horizontal line pulse, and 
somewhat less during each of the nar- 
rower equalizing pulses. The voltages 
produced by these chargings are ig- 
nored by the circuit to which the sig- 
nal is fed, because they are too small 
in amplitude to affect the circuit. 

During the vertical pulse interval, 
however, there is time for the charge 
across Cl to build up to a much higher 
level. (Since the vertical pulse shown 
in Fig. 25A is much wider than the 
horizontal pulses, the vertical pulse 
is applied to condenser Cl for a much 
longer period of time, so the condenser 
is charged much more by the vertical 
pulse than it is by the horizontal 
pulse.) Naturally, Cl discharges a 
little during the gaps in this pulse, but 
since these gaps are of relatively short 
duration, the long time constant keeps 
the discharge slight. Therefore, the 
voltage across Cl builds up as shown 
in Fig. 25B from the value at 1 to the 
peak value at 2 during the vertical 
sync pulse interval. When the verti - 

FIG. 25. The long pulse in B is produced by feeding 
network. 

those in A into an integrating 
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FIG. 26. Sync -segregation circuit. 

cal sync pulse stops, the condenser dis- 
charges from the value at 2 back to 
its original value at 3. 

From this, by the use of an inte- 
grating R -C circuit, we can arrange a 
gradual charging action on the pulses, 
and by having a sufficiently long time 
constant, the horizontal pulses can be 
ignored (they produce little charge) 
but the desired vertical control pulse 
is produced. 

All we need to do now is to arrange 
to feed this pulse into a blocking oscil- 
lator or a multivibrator and to see to 
it that this pulse is high enough to 
initiate the oscillator action. Thus, 
we can arrange matters so that when- 
ever the voltage across Cl gets above 
the value represented by the line X -X, 
the oscillator will operate and start 
the retrace. 

Generally, both the horizontal dif- 
ferentiating network and the vertical 
integrating network are connected in 
parallel, as shown in Fig. 26, to the 
output of the clipper or of an amplify- 
ing stage. Then, when the pulses are 
fed in, the respective outputs are led 
off to either the horizontal or the ver- 
tical sweep chains. 

In some receivers, you will find that 
a chain of integrating networks, as 
shown in Fig. 27, will be used to sep- 
arate the vertical pulse from the other 
pulses. This double integrating net- 
work (or a triple one) serves to smooth 
out the "teeth" in the pulse that a 
single integrating network produces. 
Curve 1 in Fig. 27B represents the 
output of a single integrating network, 

and curve 2 approximates that of the 
second network. Although the peak 
value produced by double integration 
is lower than the one a single network 
gives, the curve is smoother and there- 
fore produces more precise synchro- 
nization. When a single integrating 
circuit is used, there is a chance that 
the synchronization may be uneven, 
because one of the teeth in the curve 
may happen to fall at a time when 
the vertical synchronization should 
occur. 

You will notice that there is a dif- 
ference between the times when the 
vertical and horizontal circuits "fire." 
In the case of the horizontal circuits, 
the synchronizing pulse that is fed to 
the sweep oscillator occurs exactly in 
step with the leading edge of the line 
(horizontal) pulses. On the other hand, 
the vertical oscillator is not fired until 
some time late in the vertical pulse 
interval, the exact time depending 
upon the R -C time constant. The pre- 
cise point in the vertical pulse at 
which the vertical oscillator is set off 
is not particularly important as long 
as it is always at the same point in 
each succeeding frame. If this is ac- 
complished, vertical synchronization 
will be obtained. 

TO SYNC 
SEPARATOR 

FIG. 27. Effect of double integrating 
network. 
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Sync Locking Circuits 
In the preceding sections of this 

Lesson, we have shown how it is pos- 
sible to separate the sync pulses from 
the picture signal and to segregate 
them into vertical and horizontal con- 
trol pulses. These pulses may be used 
to trigger the oscillators in the vertical 

CLIPPING 
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FIG. 28. Clipping removes amplitude 
changes. 

and horizontal sweep circuits. This 
method of triggering the sweep cir- 
cuits is entirely satisfactory for the 
vertical synchronization; it is also sat- 
isfactory for horizontal synchroniza- 
tion provided there is not any great 
amount of interference being picked 
up along with the signal. 

Even if there is interference, the 
synchronization is not greatly affected 
as long as only the amplitudes of the 
pulses are changed by the interference. 
The use of double -clipping or clipper - 
amplifier combinations that square off 
the pulses in both directions will pre- 
vent any amplitude changes in the 
pulses from being passed on. Thus, if 
we feed the pulses shown in Fig. 28 
through such an arrangement, the 
pulses will be cut off along the dotted 
line marked "clipping level." Should 
any interference or noise signal come 
along as is shown on pulses C, E, and 
F, it will automatically be clipped off. 
As a matter of fact, even the normal 
pulses A, B, D, and G will thus be 
reduced somewhat in height. 

However, noise and interference 
pulses can also change the pulse 
widths. This doesn't matter much as 
far as the vertical pulse is concerned, 
because it is already so wide that it 

would take a very long burst of inter- 
ference to increase its width much, 
and if the interference is that steady, 
the picture probably will not be very 
good anyway. Therefore, the vertical 
sync system will ordinarily hold, even 
on an interference that changes pulse 
widths. 

This is not true of the horizontal 
sweep, however. Should any interfer- 
ence broaden the pulse in such a way 
as to change the time of the leading 
edge of the pulse, the horizontal sync 
will be thrown out for that line. 

Fig. 29 shows what may happen. 
The normal pulse A is clipped in am- 
plitude and is otherwise not affected. 

The noise interference on pulse B 
has changed its amplitude, but the 
change does not matter because it will 
be removed by the clipper action. It 
has also widened the pulse so as to 
move the trailing edge: the pulse 
should end along the line 4, but it has 
been widened so that it extends out 
to position 5. This broadening of the 
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FIG. 29. Clipping does not remove width 

changes. 

pulse is also unimportant, because the 
trailing edge is not used for synchro- 
nization. 

However, the interference on pulse 
C has affected the leading edge. The 
pulse should start at 7, but actually 
starts at point 6. Therefore, the spac- 
ing from leading edge 3 to leading edge 
6 is not correct for a line, so the cir- 
cuit is kicked off too soon. This puta 
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one line out of position and results in 
a tear across the picture. If several 
lines are affected this way, the picture 
will be torn up to a considerable 
degree; if they happen to be consecu- 
tive lines, it may well be that the hori- 
zontal oscillator will get out of syn- 
chronization altogether, making it 
necessary to readjust the hold control 
to bring the set back into sync. 

Therefore, if there is any appreci- 
able local interference or noise, it may 
well be that the horizontal oscillator 
cannot be properly operated from the 
simple trigger system we have de- 
scribed so far. Remember, this system 
will work where there is freedom from 
such interference, so it is still quite 
widely used. However, a more com- 
plicated system is necessary if the set 
is to work properly in areas where the 
interference level is fairly high. 

There are, in common use, three 
basic locking circuits designed to solve 
this interference problem. They . all 
operate on the principle that it is pos- 
sible for the horizontal oscillator to 
operate by itself and stay in sync for at 
least a few lines before it drifts off 
synchronization. Each system is then 
designed so that the average of the 
pulses for several lines is used instead 
of individual pulses so that abnormal 
pulses are ignored. 

Each of these locking arrangements 
makes use of some form of comparator 
circuit in which the output of the 
oscillator is compared with the sync 
pulses. The difference (if any) be- 
tween the two is used as a control 
voltage that ultimately causes the fre- 
quency of the horizontal oscillator to 
shift to the proper value. First, how- 
ever, this control voltage is applied to 
filter circuits that tend to cause it to 
follow the average of the difference 
between the sync and oscillator pulses. 
Therefore, if the difference between 
them is only momentary (caused by 
a disturbance that lasts for only a line 

or two), there will be practically no 
average difference between them, and 
the oscillator frequency will therefore 
not be affected. 

HORIZONTAL A.F.C. 
One of the most popular means of 

controlling the horizontal oscillator is 
through the use of a standard auto- 
matic frequency control (a.f.c.) net- 
work like that shown in Fig. 30. 

Here, tube VT3 is the horizontal 
sweep oscillator. This is a sine -wave 
oscillator in a relatively stable Hart- 
ley circuit. The tank circuit consists 
of coil L1 plus the distributed and 
other shunting capacities. This oscil- 
lator is designed to operate at exactly 
the line frequency of 15,750 cycles. 

Shunted across the sweep oscillator 
tuned circuit is a reactance tube VT,. 
You will recall that in a.f.c. systems, 
the reactance tube is made to draw a 
plate current that either leads or lags 
its plate voltage by 90°. Thus, the 
tube can be made to act either as a 
capacity or as an inductance, which- 
ever is needed. The amount of react- 
ance simulated by the tube depends 
on the amount of its plate current. 
Therefore, the frequency produced by 
the sweep oscillator depends on how 
much current the reactance tube is 
drawing at any particular moment. 
This current can be controlled by 
varying the bias on VT,; in fact, this 
is the method of control used in the 
a.f.c. system. 

To get this control voltage, a stand- 
ard discriminator circuit using diodes 
VT1 and VT, is employed. The dif- 
ferentiated horizontal sync pulses are 
fed from the sync amplifier through 
C1 and developed across R3; they are 
thus applied through the the coil L2 
to both diodes simultaneously. Coil 
Ls is coupled to the oscillator induct- 
ance L1. A resonant circuit, tuned 
to the sweep oscillator frequency, is 
formed by C2 and variable induct- 
ance L2. 

20 



The voltages at the two ends of 
coil L2 are 180° out of phase-as one 
end of coil L2 is going positive, the 
opposite end is going negative. Also, 
as you will recall from your study of 
discriminators, these voltages are mu- 
tually 90° out of phase with the volt- 
age that is applied through the coil 
center tap to both the diodes. 

In this arrangement, the sync pulses 
across R3 are applied to the diodes in 
series with the sine -wave voltage 
across L2. Thus, we have the voltages 
shown in Fig. 31 on the plates of the 
diodes. When the sweep oscillator is 
operating at the proper frequency, the 
phases are such that the pulses occur 
just as the sine waves go through zero. 
Therefore, the voltage E, applied to 
one diode is exactly equal to the volt- 
age E2 applied to the other (since both 
these voltages at this instant repre- 
sent only the pulse voltages, which 
are always equal). Hence, the diodes 
will pass equal currents through their 
load resistors (R, for VT, and R, for 

TO SYNC 
AMPLIFIER 
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VT2) ; and since these are equal re- 
sistors, the voltage drops across them 
will therefore be equal. Since the cur- 
rent flow is in opposite directions 
through the two resistors, their drops 
will exactly cancel. 

The bias applied to tube VT, comes 
through these resistors to the grid of 
this tube. Therefore, when the phase 
relationship is that shown in Fig. 
31A, the only bias on tube VT4 is 
made up of the fixed bias coming from 
the power supply plus the small addi- 
tional bias drop across R3 in its cath- 
ode circuit. 

Let us suppose now that the fre- 
quency of the sweep oscillator changes 
slightly so that it is lower than the 
correct frequency. The incoming sync 
pulses continue to occur at exactly the 
same time, but the sine -wave voltage 
now lags behind. As a result, the 
pulses no longer occur just as the sine - 
wave voltages go through zero (Fig. 
31B) ; and the voltages E, and E, 
therefore consist of the algebraic sum 
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FIG. 30. Horizontal oscillator controlled by an a.C.c. network. 
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of a sine -wave voltage and a pulse 
voltage. In this case, E, consists of 
the pulse voltage plus the sine -wave 
voltage, and E2 consists of the pulse 
voltage minus the sine -wave voltage 
(since this latter sine -wave voltage is 
going through the negative part of its 
cycle at this instant). Voltage E, is 
therefore larger than voltage E2. 

Since the voltages applied to the 
two diodes are no longer equal, the 
currents through their respective load 
resistors are also no longer equal. If 
E, is applied to diode VT the drop 
across R, will be greater than that 
across R27 with the result that there 
will be a net voltage across the series 
combination of R, and R2 having the 
polarity of the drop across R,. There- 
fore, a positive voltage will be added 
to the bias of VT4, causing this tube 
to draw more plate current. This cir- 
cuit is arranged so that tube VT4 acts 
as an inductance (the plate current 
lags behind the a.c. plate voltage). 
The addition of a positive voltage to 
its bias will make it act as a smaller 
inductance in parallel with L there- 
by raising the frequency of the sweep 
oscillator and causing the sine -wave 
signal to speed up so that the pulse 
will return to its proper position shown 
in Fig. 31A. 

Conversely, if the local oscillator 
operates at a higher frequency than it 
should, E, will be a lower voltage than 
E2, as shown in Fig. 31C. As a result, 
the net additional bias applied to VT41 
which will be the difference between 
the two drops across R, and R21 will 
have the polarity of the voltage across 
R2. This added bias will increase the 
negative bias on VT4, thereby reduc- 
ing its plate current, making it act 
like a higher inductance, and there- 
fore shifting the oscillator to a lower 
frequency. 

Thus, if the frequency of the hori- 
zontal oscillator becomes higher or 
lower than that of the incoming sync 

pulses, the action of the circuit is to 
bring the oscillator back to the cor- 
rect frequency. This is accomplished 
automatically. 

The circuit is insensitive to pulse 
amplitude changes because the same 
pulse is applied to both diodes, and 
should its amplitude change, both 
voltages would change to the same de- 
gree. If the pulse width should be 
changed by noise, however, the pulses 
may effectively occur either sooner or 
later than they should, causing a shift 
in the frequency of the sweep oscilla- 
tor. That is, such a change could occur 
if the control action were instanta- 
neous. However, the control is not 
exerted instantaneously; instead, the 

© 

FIG. 31. Possible phase relationships in 
discriminator output. 

output voltage of the discriminator 
circuit is fed to the R4 -C4 network 
(Fig. 30), and the voltage built up 
across C. by this control voltage is 
what is applied to VT4 as a control 
bias. Since the R4 -C4 network has a 
fairly long time constant, a voltage 
difference must exist across R1 -R2 for 
several lines before the voltage across 
C. will change appreciably; and, of 
course, tube VT4 does not learn of the 
change until the voltage across C. has 
reached its new level. Therefore, if 
only one or two pulses get out of line, 
normal pulses will come along to re- 
store conditions to what they should 
be before the bias on tube VT4 can 
change appreciably. The effect is that 
one or two bad pulses may change the 
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bias very slightly, but not enough to 
make any real difference in the opera- 
tion of the circuit. 

Should the sweep oscillator drift off 
frequency, however, it will get out of 
step with a number of the pulses, with 
the result that there will be time for 
the voltages across C. to change and 
hence for the reactance tube to pull 
the sweep oscillator back into fre- 
quency. Effectively, therefore, we 
have a circuit that uses the average of 
the sync pulses to control the output 
of the sweep oscillator. Because of 
the time constant network through 
which the control voltage is applied to 
the reactance tube, the circuit will 
tend to ignore irregularities in just a 
few of the pulses. 

SAW -TOOTH A.F.C. 
The a.f.c. system we have just de- 

scribed operates with a sine -wave os- 
cillator. To get the sweep signal, this 
sine wave must be "treated" specially 
-it is squared and differentiated be- 
fore application to the discharge - 
shaping network. To avoid this, many 
manufacturers desire to operate from 
either a blocking oscillator or a multi - 

SAW TOOTH 
VOLTAGE 

vibrator circuit rather than a sine - 
wave type. Therefore, a somewhat 
different form of a.f.c. system has been 
developed for use with these oscilla- 
tors. Since both these oscillators can 
be controlled by varying the bias volt- 
ages applied to them, it is unnecessary 
to use a variable -inductance or vari- 
able -capacity tube; instead, the sim- 
pler system shown in Fig. 32 is usable. 

Here, the sync signals are fed 
through the transformer T, and are 
applied to the two diodes VT, and VT2 
in such a way that the voltages ap- 
plied to the tubes are equal and of 
opposite polarities. (Some manufac- 
turers use triode tubes instead of di- 
odes as VT, and VT2; in such a case, 
the grid is tied to the plate to make a 
diode of the tube.) The circuit is 
arranged so that the plate of VT, is 
made positive at the same moment as 
the cathode of VT2 is marte negative, 
so both tubes conduct strongly when 
the sync pulses are applied. As a 
result, the condensers C, and C2 are 
charged. They then place a bias on 
the system such that the plates of 
both VT, and VT2 are negative with 
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FIG. 32. A saw -tooth a.f.c. sync -locking network. 
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respect to their cathodes except when 
the pulses are applied. 

A small saw -tooth voltage is applied 
to the center tap of the secondary of 
T1. This saw -tooth voltage can be ob- 
tained from anywhere in the sweep 
circuit beyond the wave -shaping cir- 
cuit; it is customary to use a portion 
of the sweep output voltage for this 
purpose. 

The bias produced by the charges 
on C1 and C2 is just enough to prevent 
tubes VT1 and VT2 from conducting 
when only the saw -tooth voltage is 
applied to them. Thus, this voltage 
has no effect on the circuit except 
when the sync pulses are applied. 

In fact, the saw -tooth voltage has 
no effect at all when the sweep system 
is operating properly, because the cir- 
cuit'is arranged so that the sync pulses 
occur just as the retrace of the saw - 
tooth crosses the zero axis-at the 
points marked X in Fig. 33. Hence, 
the saw -tooth voltage has no effect 
on the diodes even when they are con- 
ducting as long as the sweep oscillator 
is operating at the proper frequency. 

Because of the symmetry of the cir- 
cuit, the mid -point between the plate 
of VT2 and the cathode of VT1 will 
be at ground potential as long as the 
two tubes conduct equally. There- 
fore, no voltage will be applied to the 
filter R8 -C2 -C4. 

However, if the saw -tooth gets out 
of step with the sync pulses, the tubes 
will no longer conduct just as the re- 
trace of the saw -tooth voltage goes 
through zero but will instead conduct 
when the retrace is above or below 
zero. If, for example, a sync pulse oc- 
curs when the retrace has not yet 
reached zero, the saw -tooth voltage 
and the sync pulse voltage will add 
together for VT1, increasing the plate 
voltage on this tube and making it 
conduct more than usual. On the other 
hand, the saw -tooth voltage will sub- 
tract from the pulse voltage applied 

to VT2, causing the plate current of 
this tube to decrease. As a result, the 
voltage at the mid -point between the 
plate of VT2 and the cathode of VT1 
will rise above ground potential, thus 
causing a positive voltage (with re- 
spect to ground) to appear across the 
filter. This voltage will increase the 
bias on VT2 in the positive direction, 

FIG. 33. The sync pulses occur at points 
X when the horizontal oscillator is in sync. 

causing this tube to draw more plate 
current and hence produce a higher 
voltage drop across resistor R5. 

On the other hand, if a sync pulse 
occurs after the saw -tooth retrace has 
gone below zero, the voltage applied 
to VT1 will be decreased and that ap- 
plied to VT2 will be increased. As a 
result, the voltage at the midpoint 
between the plate of VT2 and the 
cathode of VT1 will drop below ground 
potential, and a negative potential 
(with respect to ground) will be pro- 
duced across the filter. This voltage, 
applied to the grid of VT97 will cause 
a reduction in its plate current and 
so decrease the voltage across R5. 

The voltage across R5 can be ap- 
plied either to a blocking oscillator or 
to a multivibrator. The VT. circuit 
shown here is a typical blocking oscil- 
lator; that in which VT5-VT6 are used 
is a multivibrator. In either instance, 
the voltage across R5 is applied in 
the proper grid circuit as a bias. When 
this voltage is fixed by the normal 
operation, the oscillators will both 
operate at the frequencies determined 
by the time constants of their grid 
circuits. On the other hand, when this 
average bias is changed, the oscillators 
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will be forced to fire sooner or fire 
later, depending on whether the volt- 
age is more positive or more negative. 
Thus, the oscillators can be speeded 
up or slowed down and maintained in 
step with the sync pulses. 

Once again, an important action 
occurs in the filter. Condenser C. and 
the series combination Ra Cs tend to 
delay the application of the signal 
change to the amplifier VT,. Irregular 
sync pulses and noise pulses cannot 
build up sufficient voltage across C. 
to cause any great change in the bias 
that is eventually applied to the sweep 
oscillators, so this system is also rela- 
tively unaffected by noise. 

SIMPLIFIED SAW -TOOTH A.F.C. 

Fig. 34 shows an even simpler a.f.c. 
system that may be used to control a 
blocking oscillator. 

Here, tube VT" is a sync amplifier 
tube after the clipper. In the plate 
circuit of this tube, the signal path 
divides: part of the signal is fed di- 
rectly from the plate to an integrating 
network from which the vertical con- 
trol pulse is secured, and the rest is 
fed to the horizontal pulse circuit 
shown in Fig. 34. Notice that no dif- 
ferentiating network is used in this 
circuit to separate the horizontal 
pulses from the vertical pulses. In- 
stead, the transformer primary circuit 
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FIG. 34. Simplified saw -tooth a.f.c. 
system. 

L1 -C1 is tuned to resonate at the fre- 
quency of the horizontal sync pulses. 
It will therefore be forced into oscil- 
lation by the horizontal sync pulses 
and will produce a sine wave in step 
with each pulse. 

This sine -wave voltage that is man- 
ufactured from the sync pulses (Fig. 
35A) is applied through the trans- 
former to the diode tube VT2. 

In addition, the saw -tooth output 
of the sweep circuit (Fig. 35E) is ap- 
plied to the differentiating network 
C2 -R3; the resulting pulses that are 
produced across Rs are in the cathode 
circuit of VT2. 

Therefore, both the sine -wave sig- 

o 

FIG. 35. Possible phase relationships in 
circuit shown in Fig. 34. 

nal shown in Fig. 35A and the differ- 
entiated pulses shown in 35F are ap- 
plied to this tube. The two will 
combine to produce the signal shown 
in Fig. 35B. If we choose the proper 
value for resistor R which is in the 
grid circuit of the blocking oscillator, 
the average voltage produced across 
this resistance will be such that the 
circuit will stabilize around the de- 
sired operating point. 

However, if the frequency of the 
sweep oscillator drifts in one direc- 
tion, the pulses will move up on the 
sine wave as shown in Fig. 35C, thus 
increasing the voltage across R4. This 
will increase the bias across R. in the 
negative direction, thereby slowing 
down the speed of the blocking oscilla- 
tor so that the pulses can move down 
on the sine wave to the proper posi- 
tion. 

On the other hand, should the 
blocking oscillator shift in the other 
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direction, the pulse will move down 
too far on the sine wave as shown in 
Fig. 35D; this will reduce the drop 
across R, and allow the blocking oscil- 
lator to speed up. 

The circuit is protected from noise 
pulses in two ways. Changes in ampli- 
tude of the sync pulses caused by noise 
have no effect, because the amplitude 
of the sine wave that is used in the 
control circuit is determined by the Q 
of the tuned circuit and not by the 
amplitude of the pulse fed into it. The 
effect of a variation in pulse width 
caused by noise is eliminated by C3 
in Fig. 34. Should the pulse width 
vary, the position of the sine wave 
would shift with respect to the posi- 
tion of the pulse obtained from the 
output of the sweep circuit. This 
would cause a sudden change in the 
voltage across R,. However, con- 
denser Cs must be charged by the 
average voltage across R4 before any 
change can be produced in the voltage 
applied to the grid of the blocking 
oscillator; any sudden change in the 
voltage across R, will be ignored, be- 
cause the condenser cannot charge fast 
enough to follow very sudden changes. 
Therefore, only the average change in 
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the voltage across R, will be passed on 
to the grid circuit of the sweep oscil- 
lator. 

PULSE WIDTH SYSTEM 
The next locking circuit we are 

going to describe is rather different 
from all the others in that it sets up 
a system in which the width of a pulse 
is used to control the blocking oscil- 
lator or multivibrator circuit. 

The basic circuit for a typical ar- 
rangement of this kind is shown in 
Fig. 36. Here, tube VT2 is the block- 
ing oscillator. The transformer T1 is 
an auto -transformer rather than the 
two -winding type, but otherwise the 
circuit is that of a conventional block- 
ing oscillator. The grid condenser is 
Cs; the resistors Rs and R, make up 
the grid resistance that determines the 
"hold" range of the circuit. 

Condenser C10 and resistor R11 make 
up the charge -discharge circuit that 
is operated by this blocking oscillator. 
At the output, across C107 there is the 
usual saw -tooth voltage, which is ap- 
plied to the rest of the sweep chain 
through coupling condenser C11. In 
addition, a portion of this saw -tooth 
voltage is taken off and brought back 
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FIG. 36. Pulse -width horizontal sync -locking system. 
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FIG. 37. Effects of shaping networks in 
Fig. 36. 

to point 3, from where an integrated 
product of it is applied to the grid of 
the control tube VT1. Three different 
pulses are applied through R -C net- 
works to the grid of VT, -in addition 
to the saw -tooth, sharp pulses are ap- 
plied to point 2. It is important to 
note that these pulses which are ob- 
tained from across the yoke of the 
electromagnetic sweep system, are not 
square-they represent halves of sine 
waves. However, they are of high am- 
plitude, because they are produced by 
the inductive kick that occurs when 
the deflection coil goes into oscillation 
during the sweep retrace. 

Finally, the horizontal sync pulses 
from the clipper circuit are applied 
to point 1. 

The networks through which these 
three different signals are applied to 
VT1 have the effect of changing the 
shapes of the signals. Let's see what 
each does. 

As shown in Fig. 37A, the network 
C1 -C3 sets up a voltage divider for the 
sync pulses, so that sync pulses of 
rather small amplitude are developed 
across Cs for application to the grid 
of VT1. Thus, the voltage at point X 

as a result of the sync pulses is repre- 
sented by the voltage e1 in Fig. 37A. 

The sine -wave pulses that are ap- 
plied from the output circuit through 
path 2 are applied to what amounts to 
an integrating network made up of 
R11 blocking condenser C2, and the 
condenser Cs. The integration of these 
pulses produces the trapezoidal wave 
e2 in Fig. 37B. 

Finally, the saw -tooth wave ap- 
plied through path 3 is integrated by 
R2 -Cs, with the result that the para- 
bolic wave es is produced. 

These three signals combine into 
one before they are applied to VT1, 
since all are developed across Cs. Fig. 
37D shows the result of combining 
only e2 and e3. As you can see, the 
resultant signal eB has a shape similar 
to the trapezoidal wave, but because 
of the parabolic wave, it comes up to 
a very sharp peak and then falls off 
very abruptly. 

The phases of the various signals 
are arranged so that the midpoint of 
the sync pulse will be at the peak of 
the resultant signal eB if the horizon- 
tal oscillator is operating at the proper 
frequency. Thus, the three signals will 
combine to form the signal shown in 
Fig. 38B when the sweep circuit is 
operating properly. Because of the 
extremely steep drop-off in eB, ap- 
proximately half the sync pulse 
(shown by broken lines) is cut off 

when the signals are combined. 
The lines marked "cut off" in Fig. 

38 show the grid voltage level below 
which tube VT1 is cut off. As you can 
see, only the sync pulse portion of 
the combined signal is above cut-off; 
under normal conditions, which are 
shown by Fig. 38B, the part of the 
sync pulse that is above cut-off is 

only half as wide as the original sync 
pulse. 

If the horizontal oscillator drops 
out of sync, the sync pulse may occur 

27 



FIG. 38. How phase differences change the width of the control pulse in a pulse -width 
system. 

before or after the right position with blocking oscillator, which will then 
respect to the peak of signal eB. Fig. 
38A shows what happens when the 
pulse occurs early; as you can see, 
the width of the sync pulse above cut- 
off is increased. If the pulse occurs 
late, as Fig. 38C shows, the pulse 
width above cut-off is decreased. 

The amount of time that tube VT1 
can conduct depends on how wide this 
pulse happens to be. The wider it is, 
the longer the tube conducts, and the 
more condenser C, in the cathode cir- 
cuit is charged. The average voltage 
across this condenser is applied in the 
grid circuit of the blocking oscillator, 
so the blocking oscillator frequency is 
controlled as in the other arrange- 
ments we have studied earlier. If the 
blocking oscillator speeds up, the peak 
in eB will occur before the sync pulse, 
so a narrower pulse will be fed to VT1. 
This means that the drop across R, 
will become less, which is the same as 
making the grid of the blocking oscil- 
lator more negative (less positive) ; 

therefore, the oscillator will slow 
down. If it runs slow, on the other 
hand, the pulse width will increase, 
so the drop across R, will also in- 
crease. In effect, therefore, a positive 
bias will be applied to the grid of the 

speed up. 
As in the other control circuits we 

have studied, a filter system is used 
to make the system follow the pulse 
averages. The charging of 0, and the 
filtering provided by 08 and the C8 - 
R5 network serve to prevent any sud- 
den change. 

The hold control of this circuit con- 
sists of the variable resistor R8 in the 
plate circuit of the control tube VT1. 
Varying R8 changes the normal plate 
current of VT1 through R, and thus 
sets the operating point of VT2. 

The range over which the hold con- 
trol operates is determined by the 
setting of adjustable condenser 08. 
Varying 0, will set the amount by 
which the grid of VT1 can be driven 
into the conducting region and will 
hence also change the range of the 
hold control. Some sets also use a 
variable condenser as C an arrange- - 
ment that offers an extra control over 
the range of the hold control. When 
more than one control of this kind is 
used, one of them (usually the varia- 
ble resistor in the plate supply) is 
brought out to the front panel of the 
receiver to furnish a fine control for 
the range, and the others are used to 
give a coarse setting of the range. 
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Lesson Questions 
Be sure to number your Answer Sheet 56RH-3. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson, immediately alter you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. What is the difference between "clipping" and "segregating" the sync 
signals? 

2. If a square -wave signal is fed into an R -C circuit having a short time 
constant, will the signal pulses across the resistor be: square; saw -tooth; 
sharply peaked; parabolic? 

3. Why must the signal be in its d.c. form before it can be clipped? 

4. To get a strong signal for clipping, is the signal usually taken from: 1, 

the video detector; 2, the first video amplifier; 3, the output video stage? 

5. What advantage does a pentode clipper have over single -triode types? 

6. If the clipper output is to be used to control the grid of a blocking os- 
cillator with no intervening amplifier stage to be used, what phase must 
the output pulses have? 

7. Why must the RC circuit used for segregating the vertical puse have a 
long time constant? 

8. Which edge of a horizontal sync pulse is used to produce synchronization? 

9. In a simple trigger sync system that uses amplitude limiting in the sync 
amplifiers, which of the following will upset horizontal synchronization: 
1, noise increasing the amplitude of the sync pulse; 2, noise moving the 
lagging edge of a sync pulse; 3, noise moving the leading edge of a sync 
pulse? 

10. Why are horizontal sync locking circuits designed to operate on the 
average of the sync pulses? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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TO BE INDEPENDENT, 

PRACTICE ECONOMY 
To become truly independent, the practice of 

simple economy is necessary. And economy requires 
neither superior courage nor great virtue. It requires 
only ordinary energy and consistent attention. Es- 
sentially, economy is the spirit of orderliness applied 
to the administration of your own personal affairs. 
It means management, regularity, prudence, and the 
avoidance of waste. 

Economy also requires the power to resist pres- 
ent gratification of your wants, in order to secure fu- 
ture benefits. And even wild animals practice this 
economy when they store food for the winter! 

Yes-the practice of economy is necessary un- 
less and until you figure out some fool -proof way to 
make money faster than you can spend it! I'll admit 
that a few men have been able to do this-but until 
you can discover this golden secret, your best road 
to independence will be the day in and day out 
practice of reasonable economy. 
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P.A. TRANSMISSION SYSTEMS 

AMPLIFIERS, loudspeakers, mi- 
crophones, and other components 

of public address systems may be pur- 
chased from their respective manufac- 
turers, from local radio wholesalers, 
or from the mail-order supply houses 
that handle radio parts. It is possible 
to obtain a complete system as a 
"package" consisting of an amplifier 
together with suitable loudspeakers 
and a microphone. The portable units 
that are intended for temporary in- 
stallations are almost always sold this 
way. These even come with pre-cut 
cables to connect the various com- 
ponents together. 

There is no connection problem with 
such package units-all you need do 
is plug the cables into the proper out- 
lets and place the components where 
you want them. If such a package 
unit is used in a permanent installa- 
tion, you can conceal the cables and 
place the amplifier in an out-of-the- 
way location if you wish. In tem- 
porary installation work, you will 
probably mount the various compon- 
ents of the system in convenient places 
without making any great effort to 
conceal anything. 

With such package units, there will 
be no problems of impedance match- 
ing nor of excessive line losses (pro- 
vided you use the lines supplied) . You 
can assume that the components of a 
particular assembly were chosen to 
operate properly together. 

Of course, all sound installations 
aren't this simple. For most perma- 
nent and some temporary installa- 
tions, you will have to assemble a 
sound system rather than use one that 
is offered as a unit. 

One of the major problems you will 
meet in doing so is making the proper 
connections between the various com- 
ponents. You will have to match im- 
pedances to get maximum power trans- 
fer and normal frequency response, 
and you will also have to make sure 
that excessive power and frequency 
losses will not occur in the transmis- 
sion lines used to connect the various 
components. This last is often a prob- 
lem when a line must be run several 
hundred feet from an amplifier to a 
loudspeaker. 

This Lesson is devoted to showing 
you how to connect the components 
of p.a. systems properly. We shall 
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study all parts of this problem. As 
the first step in our studies, let's learn 
what kinds of lines are used in p.a. 
work. 

AUDIO CABLES 

Any set of conductors used to carry 
energy between pieces of equipment 
is called a transmission line. At 
power -line frequencies, parallel wires 
strung on insulators several inches 
apart can be used. However, such a 
line is not desirable for audio -fre- 
quency use, both because of difficulty 
in installation and because such an 
"open" line will pick up excessive 
amounts of hum, noise, and inter- 
ference. 

Such stray pickup is reduced by 
twisting the wires together so that 
they are separated only by their in- 
sulation. Close spacing and the twist- 
ing causes the stray pickup of one 
wire to be mostly cancelled by that 
of the other. Hence, such twisted 
wire-ordinary electric lamp cord, for 
example-is commonly used as an 
audio line where the power levels are 
high enough to make the losses un- 
important and where the wire would 
not be subject to deterioration caused 
by weather or to wearing caused by 
excessive motion. Such lamp cord 
is readily obtainable: it is found 
everywhere that electrical supplies are 
handled, even in five-and-ten cent 
stores. 

Radio supply houses carry a better 
wire for this purpose. A typical ex- 
ample is shown in Fig. lA. This is 
a twisted pair of wires that is enclosed 
in a cotton loom that affords ad- 
ditional protection to the wire. It 
is possible to get wire like this with 
the loom specially treated to make it 
weather-proof. Such wire can be 
used outdoors. 

Either of these two types is sat- 
isfactory for connecting loudspeakers 

to an amplifier, and one or the other 
is used for this purpose in most in- 
stallations. These wires may be strung 
around the room in a temporary in- 
stallation; in a permanent installation, 
they are frequently put in the walls, 
preferably in conduit. Outdoors, such 
cables are often enclosed in conduit 
or pipes and buried in the ground; 
this helps to protect the wire. 

Incidentally, in installing any cable 
of this kind permanently, you will 
have to meet local electrical codes. 
Despite the fact that relatively low 
voltages and moderate power are be- 

O 

o 
FIG. 1. The three most common kinds of audio 
lines: A, twisted -pair line; 8, unbalanced co- 

axial line; C, balanced coaxial line. 

ing handled, there is always a pos- 
sibility that someone will make a 
mistake later on and get the wires 
crossed up with other electric wires. 
To prevent this from happening, some 
electrical codes may require special 
conduits or special marking of the 
wires. It may be best to have a 
registered electrician string the cable 
for you so that the electrical code 
requirements will be met; in fact, this 
is required in many communities. 

Ordinary twisted -pair lines cannot 
be used as high -impedance micro- 
phone lines because they are too likely 
to pick up hum and noise. For this 
reason, some form of coaxial line is 
always used for a high -impedance 
cable. Such a line consists of a con- 
ductor surrounded by insulation that 
in turn is surrounded (coaxially) by 
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a shield that acts as a second conduc- 
tor. A typical example is shown in 
Fig. 1B. Because it is necessary that 
the cable be flexible so that the micro- 
phone can be moved about, the outer 
conductor consists of a number of fine 
wires braided together rather than a 
piece of copper tubing. Although the 
braid shield is not quite as effective a 
shield as solid tubing would be, it is 
satisfactory for all normal p.a. uses as 
long as it is not used near very strong 
fields. 

For balanced microphone lines, two 
wires are enclosed in a coaxial shield 
as shown in Fig. 1C. The shield here 

acts as a third conductor, carrying the 
ground lead from the microphone 
transformer to the amplifier. 

Shielded wire that has the shield on 
the outside can be obtained, but for 
better appearance and for ease in 
handling, microphone cable commonly 
has a rubber covering or cotton braid 
insulation over the shield as shown in 
the examples in Fig. 1. 

Now that you know what kinds of 
lines are used for microphone and 
loudspeaker cables, let's learn what 
important characteristics of these lines 
must be considered in making an in- 
stallation. 

High- and Low -Impedance Lines 
Regardless of the type of transmis- 

sion line, it will have the following 
characteristics: 

1. Resistance. No conductor is per- 
fect; all have some resistance. 

2. Capacity. Whenever two conduc- 
tors are separated by an insula- 
tor, there is a capacity between 
them. 

3. Leakage. Leakage is a measure 
of the quality of the insulation. 
Very good insulation has very 
little leakage; therefore, the cur- 
rent between the wires is very 
small. If the insulation is poor, 
however, it is possible for there 
to be an appreciable current be- 
tween the wires. 

4. Inductance. A wire also has a 
certain amount of inductance. 
This inductance is relatively 
small, however, so it is not ap- 
preciable at audio frequencies. 

Inductance and leakage, then, can 
be ignored in considering an audio line 
if we assume that wire of good quality 
will be used. However, the resistance 

and the capacity of the line are very 
important. 

The resistance of a transmission line 
depends on the length of the wire and 
on the wire size, increasing if the wire 
is made longer or if its diameter is re- 
duced. (A wire table later in this 
Lesson will show you exactly how the 
resistance varies with each of these 
f actors. ) 

The capacity between wires varies 
with the wire size, the length, and the 
spacing between them. The capacity 
increases if the wires are brought closer 
together or if the diameter or length 
is increased. 

The resistance of transmission lines 
is what determines how much power 
loás there will be, and the capacity de- 
termines the frequency discrimination. 
The amount of this frequency discrim- 
ination and the amount of power loss 
depend upon the conditions under 
which the line is to be used. However, 
since both the resistance and the ca- 
pacity of a line increase when it is 
made longer, it is obvious that a line 
should be kept as short as is practical. 
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LINE IMPEDANCES 

When we speak of "low" impedance 
or "high" impedance audio lines for 
p.a. work, we are not referring to the 
resistance or capacity that is pos- 
sessed by the line. If the line length 
is appreciable (a quarter -wavelength 
or more) with respect to the wave- 
length of the signal being handled, 
then the line does have a characteristic 
impedance of its own that is called its 
"surge" impedance. Telephone lines 
have such an impedance, and the im- 
pedance must be matched at each end 
of these lines for proper signal trans- 
fer. However, p.a. lines are at most 
only a few thousand feet in length, 
which is short compared to the wave- 
lengths of audio signals. Hence, when 
we call a line a "low" or "high" im- 
pedance, or call it a "500 -ohm" line, 
we are referring solely to the imped- 
ances of the terminating devices-the 
source and load that the line connects, 
and not to the actual line impedance. 

As we shall show, what may be a 
low -impedance termination for one 
service may be high for another, so we 
qualify the impedance term by refer- 
ring either to "microphone" lines or to 
"transmission" lines. The latter term 
is applied to lines carrying power, such 
as those that connect amplifiers to 
loudspeakers. 

HIGH -IMPEDANCE LINES 
FOR MICROPHONES 

Microphone lines are considered to 
be high impedance if they are con- 
nected between devices having imped- 
ance values above 10,000 ohms. Crys- 
tal microphones, for example, may 
well have impedances of 20,000 ohms 
or more. A crystal microphone having 
such an impedance can be connected 
directly to a tube grid circuit through 
a connecting line. 

The crystal microphone is the only 

kind that has a high impedance of it- 
self, but a dynamic or other low -im- 
pedance microphone is often made to 
have a high -impedance output by con- 
necting it to a suitable matching trans- 
former, which is frequently built into 
the case of the microphone. A short 
line can be used to connect such a 
microphone to the grid circuit of the 
preamplifier tube. 

When a transmission line is used 
between two points of high impedance, 
the power loss in line resistance is 
negligible. If the terminal impedances 
are, say, around 10,000 ohms, a line 
having a resistance of 10 ohms or so 
will not be able to affect the current 
distribution appreciably. However, al- 
though power loss is no problem with 
these lines, frequency response and 
pickup of interference are. 

Interference. Stray noise and hum 
fields are troublesome whenever the 
impedance to ground is high, because 
even a small field can develop an ap- 
preciable voltage across a high imped- 
ance. The impedance between the con- 
trol grid of a tube and ground is usu- 
ally 50,000 ohms or more, so the grid 
is particularly likely to pick up inter- 
ference. Furthermore, the signal level 
at the grid of the first preamplifier 
tube is always low, so even a relatively 
low hum or noise voltage can be ap- 
preciable with respect to the desired 
signal. This difficulty can be mini- 
mized by keeping the impedance to 
ground low, by keeping physically 
small the amount of the circuit that 
is at a high impedance, or by shielding 
all portions of the circuits that are at 
a high impedance to ground. This lat- 
ter method is used to minimize pickup 
in high -impedance microphone cables, 
which are always shielded coaxial 
lines. This shielding is always carried 
right inside the amplifier all the way 
to the grid of the tube, and sometimes 
even encloses the input resistor. 
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Even though it is shielded, however, 
a high -impedance line always has a 
certain amount of pickup per unit of 
its length. It is therefore desirable 
to keep the line just as short as pos- 
sible to minimize this kind of inter- 
ference. 

Frequency Response. The shunt- 
ing capacity of a microphone line al- 
ways has an effect on the frequency 
response. The exact nature of the ef- 
fect depends on the characteristics of 
the microphone impedance. 

The average single -wire coaxial 
microphone cable has a capacity of 25 
to as much as 75 mmfd. per foot. (It 
is possible to get lower capacities by 

microphone impedance so that most 
of the voltage generated by the micro- 
phone would be dropped across R1. 
However, it is desirable to load the 
microphone to minimize peaks in its 
response. For this reason, it is com- 
mon practice to make the load into 
which the microphone works equal to 
the microphone impedance, even 
though this arrangement means that 
only half the microphone voltage is 
applied to the amplifier grid. 

The capacity of the microphone 
cable, represented as Cc in Fig. 2, is in 
parallel with R1. Its reactance, of 
course, varies with frequency. At low 
frequencies, the reactance is so high 

FIG. 2. How to connect a high -impedance 
microphone to the grid of the input tube of an 

amplifier. 

increasing the spacing between the 
center wire and the. braided shielding 
through the use of fillers made of 
threads or ropes. This increases both 
the bulk and the cost of the cable 
greatly, however; as a result, such low - 
capacity cable is found only in certain 
high-fidelity installations.) If we were 
to use a 20 -foot cable that had a 
medium capacity value of 50 mmfd. 
per foot, the total capacity would be 
20 X 50, or 1000 mmfd. (.001 mfd.), 
which is very appreciable. 

Fig. 2 shows how a high -impedance 
microphone should be connected to the 
grid of a tube. The grid circuit is com- 
pleted by resistor R17 which is chosen 
to match the impedance Zs of the 
microphone. Since the grid of a tube is 
a voltage -operated device, we might 
expect R1 to be several times the 

that the capacity is a negligible shunt. 
It becomes an appreciable factor at 
higher frequencies, however, and has 
an effect on the frequency response. 

As an example, let's assume that Zs 
and R1 are 100,000 ohms each, and 
that we are using a 20 -ft. cable having 
a total capacity of 1000 mmfd. The 
reactance of the capacity equals the 
resistance of R1 at about 1600 cycles. 
At this frequency, the net impedance 
of Cc and R1 in parallel is half that 
of R1 alone, so the voltage across R1 
drops to two-thirds its original value. 
At a frequency twice this, 3200 cycles, 
the condenser reactance has dropped 
to 50,000 ohms, so the net impedance 
is one-third its former value; the volt- 
age across R1 is now one-half what it 
was at the low frequencies, where the 
condenser reactance was too high to 
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matter. Obviously, therefore, the 
shunting capacity has considerable ef- 
fect on the frequency response when 
the microphone impedance is essen- 
tially resistive. 

If we reduce the values of R1 and 
Zs to, say, 50,000 ohms each, the ef- 

FIG. 3. If the"line is properly chosen, the capac- 
ity of a crystal microphone and that of the line 
can be made to balance, producing a relatively 

flat frequency response. 

fects we have just described will occur 
at a higher frequency: the voltage is 
reduced to two-thirds at 3200 cycles 
and to one-half at 6400 cycles. Ob- 
viously, therefore, for a fixed cable 
capacity, the lower we can make the 
source and load impedances, the less 
shunting of high frequencies there 
will be. 

Of course, we can't change the 
microphone impedance at will, so our 
choice of microphone fixes R1. We 
must choose a microphone having a 
reasonably low impedance if high 
fidelity is wanted. 

The effect of the capacity of the 
cable is made worse if the microphone 
has an inductive component in its im- 
pedance, as dynamic types that use 
matching transformers to give a high 
impedance often have. The inductance 
tends to make the microphone imped- 
ance rise with frequency, which pro- 
duces an even greater voltage division 
with the line capacity. 

Crystal Microphone Cable. For- 
tunately, the most common high -im- 
pedance microphone-the crystal type 
-has an impedance that is essentially 

capacitive, as shown in Fig. 3. This 
comes about because the crystal acts 
as a dielectric between the two ter- 
minal plates of the crystal element. 
Since it is capacitive, the impedance 
of the microphone goes down as the 
frequency increases. If the micro- 
phone cable is properly chosen, the in- 
ternal impedance of the microphone 
can be made to act with the line ca- 
pacity as a voltage divider of such a 
nature that the output is practically 
constant over the range that the 
microphone is intended to cover. That 
is, the impedance Zs goes down with 
frequency at the same rate as the re- 
actance of Cc does, so the output re- 
mains approximately the same even 
though the impedances decrease with 
frequency. Notice that this effect oc- 
curs only if the microphone cable has 
the proper characteristics. Therefore, 
you should neither shorten nor 
lengthen the cable that is supplied 
with a crystal microphone; if you do, 
the output will not vary uniformly 
with frequency. 

In this case, the value of R1 really 
sets the low -frequency response rather 
than the high -frequency response. As 
the frequency decreases, the imped- 
ance Zs increases. When it gets well 
above the value of R1, an increasing 
amount of the signal is dropped in the 
internal impedance of the micro- 
phone. In this particular case, increas- 
ing the value of R1 extends the low - 
frequency response-exactly the op- 
posite of what happens in the circuit 
shown in Fig. 2. However, the neces- 
sity of keeping down hum and noise 
pickup places a definite limit on the 
value of R1. 

You can see that a line operated 
with its terminals at a high impedance 
must be specially chosen. Its length 
is critical when it is used with a crystal 
microphone, and it must be as short as 
possible when it is used with any other 
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form of high -impedance microphone 
if reasonable frequency response is 
wanted. In general, therefore, high - 
impedance microphone cables are 
around 10 to 15 feet long; even the 
longest are no more than 25 feet in 
length. High -impedance microphones 
must therefore be placed close to the 
amplifier. 

LOW -IMPEDANCE LINES 
FOR MICROPHONES 

Whenever it is desired to locate a 
microphone at a distance greater than 
the allowable length of high -imped- 
ance microphone lines, it is necessary 
to use a line of lower impedance. As a 
matter of fact, low -impedance lines 
are generally used even for short dis- 
tances when low -impedance micro- 
phones are used. 

Terminating a line with lower im- 
pedance cuts down on the noise and 
hum pickup because the lower imped- 
ance to ground decreases the amount 
of voltage that can be induced by a 
fixed field. Another advantage of the 
low impedance is that, as we indicated 
in the discussion of high -impedance 
lines, a reduction in the terminating 
impedance decreases the effect of the 
capacity of the line on the frequency 
response. For example, you learned 
that the 20 -foot cable began to be 
noticeably effective at 1600 cycles 
when the terminating impedance value 
was 100,000 ohms. This changes to 
3200 cycles when the impedance value 
is made 50,000 ohms. If we can get 
the terminating impedances down to 
10,000 ohms, we can go out to 16,000 
cycles before the capacity of a 20 -foot 
cable will have much effect on the fre- 
quency response. 

Reducing the terminating imped- 
ances also permits the use of longer 
lines. If we increase the line length to 
200 feet instead of 20 feet, the total 
capacity now becomes .01 mfd. To get 
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out to 16,000 cycles, the terminating 
line impedance must now be 1000 
ohms or less. Because it is sometimes 
desirable to run microphone lines for 
200 feet or more, the industry has 
standardized the so-called Iow-imped- 
ance microphone terminations at 500 
ohms, although a few manufacturers 
use 200 ohms. 

The connections for such a line are 
shown in Fig. 4. If the microphone is 
a high -impedance type, transformer 
Tl steps down its impedance to 500 
ohms. If the microphone is low imped- 
ance, transformer Tl steps up its im- 
pedance to 500 ohms. At the amplifier, 
transformer T2 matches 500 ohms to 
the value of R1, which is usually be- 
tween 50,000 and 250,000 ohms. (This 
resistor is used because the trans- 
former would be working into an 
"open" circuit of no definite imped- 
ance value if the resistor were not 
present. The use of the resistor gives 
a definite load for the transformer and 
therefore permits the turns ratio of the 
transformer to be fixed.) Transformer 
T2 is usually located as close as pos - 

FIG. 4. How a low -impedance line is connected 
to a microphone and an amplifier. 

sible to the tube VT, so that the lead 
from the transformer to the tube grid 
can be as short as possible. 

As we have mentioned, the line is 
called a 500 -ohm line purely because 
it is used between transformer termi- 
nations that have this impedance 
value. The actual line resistance re- 
mains that determined by the length 



and size of the wire, and the capacity 
is still determined by the size of wire, 
the spacing between wires, and the 
length of the line. Exactly the same 
kind of cable can be used as a high - 
impedance line in one case, and as a 
low -impedance line in another; it just 
depends on the terminating imped- 
ances. 

A low -impedance line does not have 
to be a coaxial cable. The impedance 
is so low that hum and noise pickup 
is not usually a problem. However, 
if conditions are such that a.c. power 
lines must be near the microphone 
cable, it may be best to use a coaxial 
cable for a 500 -ohm line. 

As we said earlier, 200 ohms can be 
used as a terminating value if desired. 
It makes little difference whether a 
500 -ohm or 200 -ohm line is used in 
most cases; the choice depends mostly 
on the transformers available for 
matching. 

PREAMPLIFIER LINES 

If a microphone must be located a 
long distance from the amplifier, the 
very weak microphone signal may be 
seriously attenuated by losses in the 
line and the transformers, and may be 
interfered with by even small amounts 
of hum and noise interference. In 
such cases, a preamplifier is used at 
the microphone location, then the am- 
plified signal is sent down a line to the 
regular amplifier. 

The preamplifier is essentially just 
a one- or two -stage amplifier, much 
like the first stage of the regular p.a. 
amplifier. The signal from the micro- 
phone is fed to this amplifier through 
either a high -impedance or a low -im- 
pedance line, depending upon the type 
of microphone; generally a very short 
microphone line is used. The output 
of the preamplifier is fed through a 
matching transformer or through a 
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cathode -coupling connection to a 500 - 
ohm line that runs from the preampli- 
fier to the main amplifier. At the main 
amplifier, a transformer matches the 
line to the grid resistor of the input 
tube. 

LOW -IMPEDANCE LINES 

FOR LOUDSPEAKERS 

At the other end of our p.a. system, 
we are faced with the problem of con- 
necting the loudspeaker to the ampli- 
fier. Here, we are working from plate 
circuits, rather than into grid circuits. 
Also, we are dealing with low -imped- 
ance loudspeaker voice coils. In fact, 
the impedances with which we deal 
are so low that a loudspeaker line is 
not considered to be low -impedance 
unless it is below 50 ohms. In most 
instances, such lines terminate in 
values approximating voice coil im- 
pedances, ranging from 2 ohms to 16 

ohms. 
Obviously, since the signal power 

levels are high, we needn't worry 

min 
FIG. 5. The resistance of the wire in a low - 
impedance loudspeaker line acts as a voltage 

divider with the load impedance. 

about hum and noise pickup on a 
low -impedance loudspeaker line. A 
twisted -pair line appropriately pro- 
tected from weather and from me- 
chanical damage is therefore entirely 
satisfactory. Also, since the terminat- 
ing impedances on such a low -imped- 
ance line (under 50 ohms) are quite 
low, the capacity across the line will 
not prove troublesome. The resistance 



of the line itself is important, how- 
ever. 

The line resistance is distributed in 
both sides of the line, one half in each, 
as indicated by Rl and R2 in Fig. 5. 
(Although we ordinarily think of cop- 
per wire as having practically no re- 
sistance, actually long lengths of wire 

B & S GAUGE 
D. C. RESISTANCE 

IN OHM 
10 0.0020 
12 0.0032 
14 0.0051 
16 0.0080 
18 0.0128 
19 0.0161 
20 0.0204 
21 0.0256 
22 0.0330 
23 0.0407 
24 0.0513 
26 0.0816 

FIG. 6. This table shows the resistance per loop 
foot of various gauges of wire. 

have appreciable resistance.) These 
resistances act as voltage dividers with 
the voice -coil impedance ZL; if they 
are relatively high in comparison with 
Z,, there will be a considerable amount 
of power lost in the line. 

For convenience in use for p.a. in- 
stallations, tables like Fig. 6 give the 
resistance "per loop foot for various 
sizes of wire." A loop foot actually 
represents two feet of wire, since it is 
the amount of wire needed to connect 
an amplifier to a loudspeaker when 
the two are a foot apart. You can find 
the total resistance of a loudspeaker 
cable with the aid of such a table just 
by multiplying the resistance per loop 
foot by the number of feet of cable 
used between the amplifier and loud- 
speaker locations. 

As an example, let's suppose you are 
using No. 18 wire, which is a common 
lamp cord size. Its resistance (Fig. 6) 
is .0128 ohm per loop foot. A 100 -foot 
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run of this wire would therefore have 
a resistance of 1.28 ohms. If we tried 
to run a wire of this size and length 
from an output transformer to a 4 -ohm 
loudspeaker voice coil, we would find 
that we would have appreciable line 
loss because the line resistance would 
be high with respect to the load im- 
pedance. 

In general, engineers consider a line 
loss of 15% in the 400 -to -1000 -cycle 
range to be reasonable. Tables like 
that in Fig. 7 give the maximum length 
of line of any one size that can be 
used for various low -impedance 
values, assuming a maximum loss of 
15%. In our example, the 100 -foot 
run of No. 18 wire is too long for a 
4 -ohm load; if we were using this load 
value, we would have to restrict our- 
selves to 50 feet of No. 18 wire to keep 
the line loss at 15% or less. 

Of course, using a larger size wire 
reduces the resistance and permits a 
longer run for the same load imped- 
ance, as you will observe from Fig. 7. 
However, large wire sizes cost con - 

WIRE 
SIZE 

(B&S) 

LOAD IMPEDANCE 
4 8 16 

OHMS OHMS OHMS 
14 125' 250' 450' 
16 75' 150' 300' 
18 50' 100' 200' 
20 25' 50' 100' 

FIG. 7. Maximum loop lengths that can be used 
with various load impedances to keep line loss 
no more than 15% for audio frequencies below 

1000 cycles. 

siderably more money. Furthermore, 
if the load consists of a group of loud- 
speakers, its net impedance will be so 
low that the permissible length of the 
line will be severely limited. Hence, 
you ordinarily will not find low -im- 
pedance loudspeaker lines that are 
longer than about 200 feet and seldom 
one that is over 50 feet. 



WIRE 
SIZE 

(B&S) 
14 
16 
18 
20 

LOAD IMPEDANCE 
100 250 500 

OHMS OHMS OHMS 

1000' 2500' 5000' 
750' 1500' 3000' 
400' 1000' 2000' 
250' 750' 1500' 

FIG. 8. Maximum loop lengths for high - 
impedance loudspeaker lines if 5% power 

loss at the middle frequencies is allowed. 

HIGH -IMPEDANCE LINES 
FOR LOUDSPEAKERS 

The problem of power loss on the 
transmission line can easily be solved 
by operating the line at a high imped- 
ance. This we can do by using trans- 
formers at each end of the line, one 
to match the source to the line and the 
other to match the line to the load. 
For power transfer to loudspeakers, 
terminating line impedance values 
ranging between 100 and 600 ohms are 
called high impedances. Notice that 
these correspond to what we call low 
impedances for microphone lines. 

The line loss is negligible when the 
termination is 500 ohms. Effectively, 
of course, going to a higher -impedance 
termination means that, for the same 
power, we have a higher voltage and 
lower current. The reduced current 
causes less drop to occur in the resist- 
ance of the line. 

Fig. 8 gives line lengths that pro- 
vide 5% power loss at the middle fre- 
quencies. Compare these with Fig. 7. 
Incidentally, 5% losses are used for 
these lines rather than the 15% value 
used for low -impedance lines because 
the impedance -matching transformers 
have some loss. The total loss includ- 
ing line and transformer loss will be 
kept to about 15% if the line loss is 
kept down to 5%. 

Obviously, we can run much longer 
lines if we terminate them in high im- 
pedances. Also, we can use much 
smaller wire, thus saving something 

on the cost of the line; this saving is 
often worth while if a long line is 
used. Although, of course, we must 
use transformers at each end of such 
a line, such transformers may be de- 
sirable anyway to give the proper im- 
pedance matching and power transfer, 
as we shall show later. 

Although going to a high -impedance 
line does solve the loss problem, it re- 
introduces the problem of the shunt- 
ing capacity. The average capacity 
of a twisted -pair electric cord is about 
50 mmfd. per foot, so the line length 
must be kept down if the high -fre- 
quency response is not to be seriously 
reduced. 

Line Lengths. Fig. 9 shows a chart 
prepared by one loudspeaker manu- 
facturer that permits you to determine 
the length of line that can be used for 
a particular frequency response and a 
fixed impedance, or permits you to de- 
termine the impedance that is neces- 
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sary at the end of the line when a cer- 
tain length must be used. 

As an example, let's suppose that 
the line is to be 1500 feet long. Also, 
let's suppose that the response is to 
go out to 7500 cycles before the power 
drops to half its normal value (3 -db 
loss): Following the dotted line (at 
1500 feet) from the left scale over to 
the 7500 -cycle line, we find that we 
strike it near point A. Reading down- 
ward along the dotted line to the bot- 
tom, we find that the line impedance 
must be 250 ohms for this length and 
frequency response. The wire size 
necessary for minimum line loss and 
for the expected capacity value is the 
next larger above the point of inter- 
section with the frequency line; in 
this case, it is No. 16 wire. 

If we have a fixed impedance, we 
can determine the line length for a 
particular frequency response. For 
example, let's say that 200 ohms is 
our impedance value. Reading upward 
until we strike, let us say, the 10,000 - 
cycle curve at point B, we find that 
we can again use a 1500 -foot line. 
Notice that changing the impedance 
from 250 ohms to 200 ohms allows us 
to go from a 7500 -cycle to a 10,000 - 
cycle response for the same line length. 
If we go the other way-toward a 
higher line impedance - the fidelity 
will fall off if we must have a 1500 - 
foot line length. For example, at 500 
ohms, the response is something under 
5000 cycles for a 1500 -foot line. 

This same chart can be used to de- 
termine the maximum line length for 
a particular size of wire and a par- 
ticular frequency response. For ex- 
ample, let's suppose we want to use 
No. 18 wire. If the frequency response 
is to be within 3 db to 10,000 cycles, 

follow the No. 18 wire -size line to 
where it crosses the 10,000 -cycle line. 
This is at point C. Reading now to the 
line length scale, you will find that 
we can use a line length of about 1050 
feet, and reading downwards you will 
find that the impedance should be 
about 270 ohms. If we used the more 
practical impedance value of 250 
ohms, which crosses the No. 18 wire 
size at D, we could use a line of 1000 
feet of No. 18 wire and have a fre- 
quency response that would be some- 
what less than 3 db down at 10,000 
cycles. 

Of course, the response will always 
be improved if any length less than 
these maximums is used. For example, 
returning again to our 250 -ohm im- 
pedance value, point A shows a length 
of about 1500 feet and a frequency 
response out to 7500 cycles. Point D 
at 1000 feet and the same impedance 
gives a frequency response flat out be- 
yond 10,000 cycles. If the length is 
only 800 feet, the frequency response 
goes out to 15,000 cycles. 

To sum up: we see that if we termi- 
nate power transmission lines with 
high impedances, the line losses will 
in general be negligible, but the fre- 
quency response may suffer. On the 
other hand, the frequency response is 
good if we use lower impedances as 
line terminations, but we run into line 
loss difficulties. Therefore, it is the 
usual practice to choose some com- 
promise impedance value that gives 
the desired frequency response with- 
out excessive line loss at the line 
length that is necessary. 

Now that you have learned some- 
thing of the basic characteristics of 
the transmission lines used, let's turn 
to the problem of impedance matching. 

11 



Impedance Matching 
From your earlier Lessons, you will 

recall that it is necessary to match 
impedances whenever maximum power 
transfer is desired. 

In public address work, the micro- 
phone does not, strictly speaking, re- 
quire such impedance matching. Since 
the microphone eventually feeds into 
the grid of a tube, which is a voltage - 
operated device, we would ordinarily 
want the load impedance to be many 
times higher than the microphone im- 
pedance for maximum voltage trans- 
fer. If the microphone is operated this 
way, however, there will be peaks and 
humps in its frequency response. It is 
best to load the microphone to smooth 
out these irregularities. As a com- 
promise between the two opposing pos- 
sibilities, it is common practice to ter- 
minate the microphone line with a re- 
sistor having a resistance equal to the 
impedance of the microphone. Hence, 
if the microphone is a high -impedance 
type, the load into which it operates 
will have the same impedance as it- 
self. If it is a low -impedance type, 
impedance -matching transformers will 
be used to match the microphone to 
the line and the line to the grid re- 
sistor, or a single transformer will be 
used to match the microphone to the 
grid resistor. (In the latter two cases, 
the grid resistor is fixed by practical 
transformer design and by the need to 
avoid hum pickup at some value be- 
tween 50,000 ohms and 250,000 ohms.) 

At the other end of the system, we 
are interested in making an efficient 
transfer of power from the plate cir- 
cuit of the power output stage to the 
loudspeakers. As you have learned 
elsewhere, we will get the maximum 
power transfer whenever the load im- 
pedance equals the source impedance. 
However, it so happens that because 
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of the characteristic of vacuum tubes, 
the maximum undistorted power out- 
put is not obtained at exactly the same 
point as the maximum total power 
output. As a matter of fact, for triode 
tubes, the load should be twice the 
plate impedance for maximum undis- 
torted power output. Fortunately, the 
power output secured with a load of 
this sort is only slightly less than that 
obtained when the impedances are 
properly matched. 

In the case of pentode and beam 
power tubes, the impedance that gives 
maximum undistorted power is about 
1/7 to 1/9 the plate impedance of the 
tube. Although these tubes give con- 
siderably less power output when they 
are operated with such loads than they 
would give if their loads were equal 
to their impedances, the distortion is 
so severe if they are operated in the 
latter manner that the power sacrifice 
is considered worth while. The load 
values chosen still give a reasonably 
high output. 

It is safe to assume that the manu- 
facturer of an amplifier gives load im- 
pedance values in terms of the maxi- 
mum undistorted power output. In 
other words, when you must match a 
particular grouping of loudspeakers to 
an amplifier, the value specified by 
the amplifier manufacturer is the 
value you should match for maximum 
undistorted power output. 

Let's learn something about how to 
match impedances. 

OUTPUT TRANSFORMERS 

Two kinds of output transformers 
are in common use in amplifiers. 
Each, of course, has a primary that is 
properly designed for the output tubes 
of the amplifier in which it is used. 
One kind is designed to match the am- 



plifier output stage to a particular 
loudspeaker or group of loudspeakers, 
and therefore has a fixed secondary 
impedance. If for some reason the 
loudspeakers chosen by the manufac- 
turer are not to be used, others having 
the same voice -coil impedances may 
be substituted. 

The second kind of output trans- 
former is essentially a universal type 
in that its secondary has a number of 
taps that can be used to match to any 
common loudspeaker or group of loud- 
speakers. It is not unusual to find 
secondaries that are designed to match 
impedance values of. 4, 8, 15 (or 16), 
and perhaps 30 ohms, and in addition 
have a 500 -ohm and perhaps a 250 - 
ohm tap for matching transmission 
lines. 

Another type of output transformer 
that is occasionally used is primarily 
designed to match the amplifier to a 
line. A transformer of this type usu- 
ally has taps at about 67, 125, 250, 
and 500 ohms. 

Although the output transformer on 
the average p.a. amplifier does con- 
tain a number of taps, it is quite pos- 
sible that the exact tap needed will not 
be available. For highest possible 
fidelity, the source and load imped- 
ances should be matched within 10%, 
but mismatches of up to 25% may be 
permissible in practice, depending 
upon the fidelity demanded. If a wide 
mismatch must occur, it is always bet- 
ter to connect the loudspeaker to the 
impedance tap next lower than the 
load impedance to minimize loss of 
power and distortion. Thus, if the 
combined loudspeaker load figures out 
to be, say, 6 ohms, you should use a 
4 -ohm tap rather than an 8 -ohm tap. 

Line Transformers. In addition 
to output transformers, there are line - 
to -loudspeaker matching transform- 
ers. These are designed to match the 
loudspeaker voice coil to whatever 

value is needed to terminate the line 
properly. 

Incidentally, when we speak of the 
impedances of a transformer, we refer 
to the values the transformer is de- 
signed to match-not to the actual 
reactances of the transformer wind- 
ings. The reactance of the primary 
winding (when there is no secondary 
load) should be about ten times the 
source impedance if good low -fre- 
quency response is to be obtained. 
Then, its turns ratio should be chosen 
so that the secondary load will appear 
as the desired "reflected" value in the 
primary. For example, if a trans- 
former is supposed to cause a 4 -ohm 
secondary load to appear as a 3600 - 
ohm reflected impedance across the 
primary, its turns ratio should be 30.* 
The actual impedance of the primary 
winding depends on the plate resist- 
ance of the tube to which it is to be 
connected. If it is to be used with a 
triode tube having a plate resistance 
of about 2000 ohms, the primary wind- 
ing should have a reactance of 20,000 
ohms (or more) at, say, 400 cycles. 

A 30 -to -1 transformer will also 
cause an 8 -ohm secondary load to re- 
flect as 7200 ohms; a 2 -ohm load as 

' 1800 ohms; a 16 -ohm load as 14,400 
ohms; and so forth. In other words, 
a transformer having a 30 -to -1 turns 
ratio will always produce a reflected 
primary impedance that is 900 times 
as great as the impedance that is con- 
nected to the secondary. This does 
not mean that the same transformer 
can be used for any application in 
which an impedance ratio of 900 to 1 is 
wanted, because there is also the re- 
quirement that the primary reactance 
must be at least 10 times as large as 
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* The turns ratio equals the square root of 
the Hence: 

N 
....-.V2;=,\16°°3 

V7a= V34°°-1900=30 



the source impedance to give good 
low -frequency response. Hence a 
transformer designed for "3600 ohms 
to 4 ohms" is different from one de- 
signed for 14,400 ohms to 16 ohms, al- 
though both have the same 30 -to -1 
ratio. 

For this reason, transformers aren't 
listed by turns ratios; they are de- 
scribed by the impedances between 
which they are to work. Thus, one 
rated at "500 ohms to 8 ohms" is de- 
signed to match a source (or a line 
matched to such a source) of 500 ohms 
to a load of 8 ohms. However, it can 
be used to match 250 ohms to 4 ohms, 
because the source is lower in imped- 
ance than the value for which the pri- 
mary was designed. It can also be 
used to match 1000 ohms to 16 ohms 
with some loss in low -frequency re- 
sponse. In other words, the secondary 
impedance can be varied over a range 
from one-half to twice the value for 
which the transformer was designed 
without causing too great a loss in 
power (under .5 db) and without af- 
fecting the frequency response too 
seriously in any but high-fidelity 
systems. 

IMPEDANCE -MATCHING PADS 

A resistor network can be used in- 
stead of transformers to make an im- 
pedance match. A disadvantage of 
using the resistor network is that it 
always introduces a loss; however, 
there are occasions when such a loss is 
permissible or even desirable. 

We can, of course, connect the load 
and source directly together as shown 
in Fig. 10A. As long as the difference 
in their impedances is not too great, 
there won't be a large power loss. For 
example, in the case shown in Fig. 
10A, the load impedance is one-half 
the source impedance. From the curve 

generator impedance (Re) equals 
twice the load value (RL) as in this 
case, we have a loss of only about .5 

db. This isn't much power loss. As 
the difference between the source and 
load impedances becomes greater, 
however, the power loss also increases. 
For example, if we have a 1000 -ohm 
source and a 250 -ohm load, Re equals 
4RL, and, as the chart shows, we have 
a 2 -db power loss, which represents a 
loss of about a third of the power. 

With the impedance relationship 
shown in Fig. 10A, we are not losing 
much power, but the requirements 
may be such that the frequency re- 
sponse is very poor under this condi- 
tion. If the poor response is caused 
by the fact that the source is not prop- 
erly loaded, we can improve matters 
by adding a series resistor, as shown 
in Fig. 11A, having a value such that 
its resistance plus that of the load 
equals the source impedance. In this 
particular example, half the available 
power is lost in the series resistor, so 

SOURCE LOAD 

1000w 

RG 

o 

500w 
RL 

o 

ó J 
m 
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3.0 

2.0 

1.0 

8 7 6 5 4 3 2 R6 2 

RG EQUALS 21k, 3RLetc.EGRLLSRt. EQUALS 2RG,3RSetc. 

FIG. 10. The chart in part B of this figure shows 
how much power is lost for various relationships 

in Fig. 1<OB we ûnd that when the 
between the load impedance RI. and the source 

t impedance RG in a circuit like that in part A. 
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(RL+R2)ON- 
0 B LOSS = 20 L00 

FIG 11. Use of a series resistor (part A) and of 
an L pad (part B) to match a source and a load. 

we have a 3 -db power loss-much 
more than in the direct connection 
shown in Fig. 10A. If the ratio of 
source to load impedance were greater, 
the series resistor would have to be 
larger, and more power would be lost. 

A bad feature of the arrangement 
shown in Fig. 11A is that the load RL 
does not see its own impedance when 
looking back toward the source; in 
fact, the series resistor has made mat- 
ters worse in this respect. (When we 
say that a source or a load "sees" an 
impedance when it "looks" in one di- 
rection or another, we are using an en- 
gineering expression that is often very 
convenient. The impedance "seen" is 
the effective impedance in the speci- 
fied direction. For example, the source 
in Fig. 11A sees an impedance con- 
sisting of Rs and RL in series when it 
looks toward the load; the load, on 
the other hand, sees an impedance 
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consisting of Rs and Ra in series when 
it looks toward the source.) 

If the load is entirely resistive, this 
won't matter at all. However, if the 
load is a reactive one such as a loud- 
speaker voice coil or a long transmis- 
sion line, it is quite possible for the 
load characteristics to be such that 
this mismatch affects the circuit re- 
sponse. For example, if a loudspeaker 
voice coil does not see its own imped- 
ance, it will have much higher peaks 
and valleys in its over-all frequency 
response. 

If it is necessary that both the 
source and the load see their respec- 
tive impedance values (that is, if they 
must both be matched), an L -type pad 
like that shown in Fig. 11B may be 
used. The formulas given in Fig. 11B 
are correct if the source has a higher 
impedance than the load. If the load 
impedance is higher than that of the 
source, R1 should be placed between 
R2 and the load rather than as shown, 
and the terms Ra and RL in both 
formulas should be interchanged 
throughout. (That is, where Ra ap- 
pears, use RL, and vice versa.) If we 
calculate R1 and R2, using the for- 
mulas given in Fig. 11B and the source 
and load impedances given in Fig. 11A, 
we find that they both come out to be 
about 706 ohms. In this case, Ra sees 
R2 and RL in parallel, with Rl in series 
with the parallel group. The resist- 
ance of R2 (706 ohms) in parallel with 
the 500 -ohm load is about 294 ohms; 
this resistance in series with R1 (706 
ohms) makes a total resistance of 1000 
ohms. 

The load sees R2 in parallel with a 
series combination of Ra and R1 in 
series. The combined resistance of 
these three is 500 ohms, so the load 
is matched. However, there is now 
about an 8 -db power loss. 

Such a power loss always occurs 
when pads are used to match imped- 



ances. The amount of the loss de- 
pends upon the ratio of the source to 
the load impedance, but there is al- 
ways at least some loss, and some- 
times a very large one. Obviously, 

therefore, this form of impedance 
matching can be used only if the loss 
is permissable. If we cannot permit 
such a loss, we have to use transform- 
ers for impedance matching. 

Microphone Connections 
The input terminals on a p.a. ampli- 

fier provide for a certain number of 
microphones. The connections are 
usually all low -impedance or all high - 
impedance types, but occasionally a 
combination of these is provided. Ob- 
viously, if you use the kinds of micro- 
phones for which the amplifier input 
is designed, there is no problem. How- 
ever, it may well be that an amplifier 
with exactly the input terminals 
wanted is not available, or you may 
be forced to use microphones with am- 
plifiers that have the wrong kind of 
inputs. Let's see how to do so. 

High to Low. First, let's suppose 
you have a high -impedance micro- 
phone that must be used with an am- 
plifier having only low -impedance in- 
put terminals. There are two solutions 
to this problem. 

One solution is to modify the am- 
plifier. The fact that an amplifier has 
a low -impedance input means that it 
contains a built-in transformer that 
is designed to match a 500 -ohm line 
to the grid of the first tube. It is pos- 
sible to remove the transformer and 
bring the grid lead directly to the 
microphone jack. If high -impedance 
microphones are always to be used, 
such a modification may be worth 
while. However, if you believe there 
may be any need in the future for 
using a low -impedance microphone or 
for using a line to connect the micro - 
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phone to the amplifier, such a change 
should not be made. It should not be 
made, either, if the additional length 
of wire connected to the grid of the 
first tube produces a marked increase 
in the hum level; unfortunately, you 
cannot find out whether this will hap- 
pen without first making the modifi- 
cation. 

If changing the amplifier seems in- 
advisable, the only solution is to use 
a transformer outside the amplifier 
that will match the high -impedance 
microphone to the 500 -ohm input. In 
such cases, it is usually best to obtain 
a transformer that is designed for this 
particular microphone from the manu- 
facturer of the microphone. The case 
of such a microphone often contains 
space for mounting a transformer right 
next to the microphone. If it is pos- 
sible to install the transformer at this 
position without taking the micro- 
phone apart, this is the best place to 
put the transformer. However, if it 
is necessary to disassemble the micro- 
phone, it is better to send it back to 
the factory to have this work done, or 
to place the transformer at the end 
of the cable, right at the input of the 
amplifier. The latter method may or 
may not be desirable, depending on 
whether the transformer picks up too 
much hum and noise; again, only a 
trial will show. 

Low to High. The opposite prob- 



lem occurs when the microphone is a 
low -impedance (500 -ohm) type and 
the only jacks provided on the am- 
plifier are at high impedance. In this 
case, the only solution is to use a 
transformer at the amplifier input that 
is designed to match 500 ohms to the 
grid of the first tube. Although such 
a transformer might possibly be 
mounted outside the amplifier, the 
chances are that the high -impedance 
lead from the amplifier connecting 
jack to the transformer would be so 
long that it would pick up excessive 
amounts of hum and noise. The most 
satisfactory solution is to mount the 
transformer as close as possible to the 
grid of the preamplifier tube. This is 
rarely a difficult problem, because the 
manufacturer usually provides space 
for the mounting of such transformers 
inside the amplifier on the assumption 
that he may be requested to supply 
the amplifier with low -impedance in- 
puts. You can probably obtain the 
necessary transformer for making the 
conversion as well as mounting in- 
structions from the amplifier manu- 
facturer. 

Multiple Connections. You will 
sometimes find it desirable or neces- 
sary to operate more microphones 
than the input jacks on the amplifier 
provide for. Although only one or two 
microphones are needed for most in- 
stallations, high-fidelity music pickup 
or pickup from a stage often requires 
the use of a number of microphones. 
Since the average p.a. amplifier has 
only two microphone inputs and even 
the most elaborate types have only 
three or four, it is quite possible for 
you to need more microphone input 
terminals than the amplifier offers. 

There are two common answers to 
this problem. If the microphones are 
to be located at some distance from 
the amplifier, the use of a preamplifier 
may well be justified. This will per - 
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mit a considerable increase in the 
number of microphones that can be 
used, since a preamplier commonly 
has four inputs, all of which feed 
through the preamplifier into only one 
input on the main amplifier. 

Of course, if the microphones are to 
be used in a location near the main 
amplifier, the expense of a preampli- 
fier may be unwarranted. In such 
cases, you can use commercially avail- 
able resistor mixer boxes. Fig. 12 
shows the schematic of one such box, 

R4 

_L 

TO AMP. 

FIG. 12. The schematic of a resistor mixer box 
used to mix the outputs of 3 microphones. 

designed , for three microphones, each 
of which feeds into its own mixer -con- 
trol potentiometer (Ri, Rx, or Ra). 
These potentiometers are decoupled 
from each other by the resistors R 
R5, and Re. The output of the box 
goes to one microphone input on the 
amplifier. Thus, like a preamplifier, a 
box of this sort permits the outputs of 
several different microphones to be fed 
into a single input jack on the am- 
plifier. 

The mixer boxes available are corn- 



monly designed for high -impedance ers will be necessary for each line, so 
microphone connections. If low -im- a preamplifier will probably not be 
pedance lines are involved, transform- much more costly. 

Practical Loudspeaker Connections 
At the other end of the amplifier, we 

are faced with the problem of connect- 
ing one or more loudspeakers to the 
amplifier. In the average job, usually 
at most only three or four loudspeak- 
ers must be connected together. More 
elaborate installations may require 
the use of a great many more, how- 
ever, particularly when several rooms 
are to be covered. An extreme example 
of this is a hotel or hospital installa- 
tion in which separate loudspeakers 
are wanted in a number of small 
rooms; as many as 100 or more may 
have to be connected in such an in- 
stallation. 

You have already learned how to 
determine the power ratings and the 
number of the loudspeakers to be used 
in an installation. Now we are going 
to discuss the problems involved in 
connecting these loudspeakers to the 
amplifier. Before we do, however, we 
must learn something more about the 
voice -coil impedances of loudspeakers. 

Although voice -coil impedances are 
always given as some definite number 
of ohms, this fact does not mean that 
the impedance is the same at all fre- 
quencies. As a matter of fact, the 
impedance of a voice coil varies widely 
over the audio -frequency spectrum, 
reaching high peaks at some frequen- 
cies and falling to low values at others. 
The voice -coil impedance rating of a 
loudspeaker is therefore either a nomi- 
nal value that is representative of the 
over-all characteristics, or is the im- 
pedance at some particular reference 
frequency, such as 400 cycles or 1000 
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cycles. There is no general agreement 
among manufacturers on how voice - 
coil impedance should be rated. 

The variations in the impedance of 
a voice coil are minimized when the 
coil is properly matched to an ampli- 
fier. For this reason, you can compute 
the load on an amplifier with reason- 
able accuracy by using the impedance 
value given by the manufacturer of 
the loudspeaker. 

Very often you will find that you 
can choose any of several different 
voice -coil impedances for a given 
loudspeaker that is usually equipped 
with an 8 -ohm voice coil may instead 
be obtained on request equipped with 
a 4 -ohm or a 16 -ohm coil. It is par- 
ticularly helpful to be able to make 
such a choice when you have to con- 
nect together a group of loudspeakers 
and must arrive at some reasonable 
combined impedance that can be 
matched by available transformers. 

The same 4, 8, and 16 -ohm values 
are almost standard today for driver 
units, although some that have a 
higher impedance (about 45 ohms) are 
also offered. High -impedance voice 
coils are useful when several loud- 
speakers are to be connected in par- 
allel, because the total net impedance 
of the parallel combination will be 
very low unless the voice -coil imped- 
ances are fairly high to begin with. 

Now let's study several practical 
examples of the problems you will 
meet in connecting loudspeakers to 
amplifiers and learn how they can be 
solved. 
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FIG. 13. Matching impedances of parallel voice 
coils. 

LOW -IMPEDANCE CONNECTIONS 

If the distance from the amplifier to 
the loudspeakers is small, it is possible, 
as you have learned, to run lines at 
the voice -coil impedance. In such a 
case, if we have more than one loud- 
speaker, we can connect the voice coils 
either in series or in parallel. If we 
connect them in parallel, and all have 
the same impedance, the net imped- 
ance will be equal to the impedance 
of any one divided by the number of 
loudspeakers. For example, the net 
impedance of the two 8 -ohm voice 
coils in parallel in Fig. 13 is 4 ohms. 
We can use a low -impedance line to 
connect these two voice coils to the 
4 -ohm tap on the amplifier output 
transformer. In figuring the line loss, 
we must use the net impedance; in 
Fig. 13 it is 4 ohms, so the maximum 
line length is figured on this basis. If 
we used two 16 -ohm loudspeakers, the 
net impedance would be 8 ohms; this 
would make it possible to use a longer 
line for the same wire size. 

If two or more loudspeakers are 
connected in series, and all have the 
same impedance, the load will be the 
sum of the voice coil impedances. 
Fig. 14 shows an example. 

It is also possible to connect the 
loudspeakers in series -parallel, as 

AMP. 

shown in Fig. 15. The impedance of 
this combination is the same as that 
of an individual voice coil as long as 
all the voice coils are the same and 
are connected as shown. 

As long as the loudspeakers in each 
of these cases have the same voice -coil 
impedances, the power will divide 
equally between them. Thus, if two 
loudspeakers are connected either in 
series or in parallel and their voice - 
coil impedances are equal, each will 
receive half the power. If there are 
three loudspeakers, each gets one-third 
of the power; if there are four, each 
gets one -quarter of the power; and so 
on. Therefore, to make sure none of 
the loudspeakers in such a combina- 
tion will be overloaded, all we need do 
is make sure that each has a power 
rating that is greater than its frac- 
tional portion of the amplifier output 
rating. If the amplifier is rated at 50 
watts, for example, and we have two 
loudspeakers, each will get 25 watts of 
power and must be rated to handle it. 

Unequal Impedances. If the loud- 
speaker voice -coil impedances are un- 
equal, the power distribution will also 
be unequal. For example, when two 
unequal loudspeakers are connected 
in parallel, the/ resulting impedance is 

ZT - Z1Z2 

Z1 4- z2 

As an example, if we have an 8 -ohm 
speaker voice coil in parallel with a 
16 -ohm speaker, the result will be 

8X16_128 
5.33 ohms 

8 -}-16 24 - 
A tap rated at 5.33 ohms will prob- 

ably not be found on the output trans- `- 
4W 4W 4W 4W 

FIG. 14. Matching impedances of series -connected voice coils. 
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former of an amplifier; 4 ohms is 
about the closest we can expect. Con- 
necting this group to the 4 -ohm tap 
will result in a certain loss of power. 
There will also be an unequal power 
distribution; the loudspeaker having 
the lower impedance will receive the 
greater amount of power when they 
are in parallel. In this case, with an 
8 -ohm and a 16 -ohm loudspeaker, the 
8 -ohm loudspeaker will get twice the 
power of the 16 -ohm loudspeaker. 
(The same voltage is across both, and 
the power in each is P = E2 _ Z; 
hence, the lower the impedance, the 
higher the power.) You should keep 

with the higher impedance will get the 
more power: in our example, the 16 - 
ohm loudspeaker would get twice the 
power applied to the 8 -ohm loud- 
speaker. 

You can see that it is desirable to 
have voice coils of equal impedances 
when low -impedance lines are used, 
unless you want to apply more power 
to some loudspeakers than to others. 
When a high -impedance line is used, 
the loudspeakers are matched to the 
line with transformers; in this case, 
it is not necessary to use loudspeakers 
having equal voice -coil impedances 
to secure equal power distribution, nor 

FIG. 15. Matching impedances of voice coils 
connected in series -parallel. 

this fact in mind if you are connect- 
ing loudspeakers of unequal imped- 
ance in parallel, because otherwise you 
may accidentally overload one of the 
loudspeakers. If a 50 -watt amplifier 
were connected to the 8 -ohm and 16 - 
ohm combination we just described, 
331/3 watts would be applied to the 
8 -ohm loudspeaker and 16% watts to 
the 16 -ohm one. The 331/3 watts 
would be a considerable overload if 
both loudspeakers were rated at only 
25 watts, which is the maximum rating 
for all but the most powerful loud- 
speakers. 

If these two loudspeakers were con- 
nected in series, the net impedance 
would be the sum of the two imped- 
ance values, or 8 + 16 = 24 ohms. In 
a series connection, the loudspeaker 
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does the use of equal impedances mean 
that the power will necessarily be 
equally divided. Let's take up high - 
impedance lines now. 

HIGH -IMPEDANCE LINES 

FOR LOUDSPEAKERS 

One example of the use of high -im- 
pedance lines to match loudspeakers 
to an amplifier is shown in Fig. 16. 
Here there are two loudspeakers at a 
location remote from the amplifier. 
Since they are grouped together, how- 
ever, it is practical to connect the 
loudspeakers together as a low -fre- 
quency grouping, then use a trans- 
former to match this group to the 
500 -ohm line. The line is then termi- 
nated at the proper 500 -ohm value at 
the amplifier. Operating this way, as 



500 W 
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500 CO 
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FIG. 16. Use of high -impedance line with grouped loudspeakers. 

you have learned, provides far less 
line loss and permits the loudspeakers 
to be placed much farther from the 
amplifier. Because of shunting ca- 
pacities, however, the permissible 
length of the 500 -ohm line depends on 
the frequency range wanted. If the 
line has to be so long that a 500 -ohm 
terminating impedance will not per- 
mit the desired frequency response to 
be secured, lower impedances must be 
used. Hence, in the example shown 
in Fig. 16, it might be necessary to 
use 250 ohms instead of 500 ohms at 
each end of the line. Transformer T1 
would then have to be designed to 
match the impedance of the loud- 
speaker group to a 250 -ohm line. If 
the amplifier transformer did not have 
a 250 -ohm tap, it would be best to 
replace it with one that did. Such a 
replacement would, of course, have to 
be designed to handle the power output 
of the amplifier. 

Obviously, the arrangement shown 
in Fig. 16 can be used for practically 
any number of loudspeakers, provided 
that the loudspeakers can be con- 
nected in the proper series or parallel 
arrangement to give a terminating im- 
pedance that can be matched by trans- 
former T1. If four or more loudspeak- 
ers are to be connected in parallel, it 

is desirable to use 16 -ohm rather than 
8- or 4 -ohm loudspeakers, because the 
net impedance will be higher and 
therefore more likely to be a value 
that can be matched by transformer 
T1. 

The statements made before about 
power distribution hold here; in fact, 
you can consider transformer T1 to be 
the same as the amplifier output 
transformer. Therefore, if we use 
loudspeakers of equal voice -coil im- 
pedance, they will divide the power 
equally. If their impedances are un- 
equal, they will divide the power ac- 
cording to their respective imped- 
ances and to whether they are con- 
nected in series or in parallel. 

It doesn't always happen that the 
loudspeakers are grouped closely 
enough together to make it practical 
to run a low -impedance connection 
between the voice coils. In such cases, 
the loudspeakers must be located 
wherever they are wanted, and then a 
high -impedance line must be run to 
each location. Each location must, of 
course, have its own matching trans- 
former. 

Fig. 17 shows an example. Here, 
each loudspeaker has a transformer 
that is chosen to match the voice -coil 
impedance to the line in such a way 

FIG. 17. Use of high -impedance line with separated loudspeakers. 
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that the net impedance of all the voice 
coils will equal the proper terminating 
impedance -500 ohms in this case. 
Since we have two loudspeakers, the 
transformers are chosen so that their 
reflected primary impedances are 1000 
ohms; the net impedance of the two in 
parallel then equals 500 ohms. If we 
had four loudspeakers, each primary 
would have to have a 2000 -ohm re- 
flected impedance so that the net im- 
pedance of all of them would be 500 
ohms. 

In cases like this, where each loud- 
speaker is to get the same power, you 
can find the primary impedance each 
must have by multiplying the termi- 

example is an installation in which 
high-powered loudspeakers are used in 
an auditorium and one or more smaller 
loudspeakers are used in side rooms to 
handle an overflow crowd. Obviously, 
an equal distribution of power would 
overload the smaller loudspeakers or 
under -drive the large ones, or perhaps 
do both. 

To see how to create an uneven 
power distribution, let's suppose we 
have a circuit like that shown in Fig. 
18, in which LS, and LS2 are each 
rated at 25 watts, LS2 is rated at 10 
watts, and the amplifier has an output 
impedance of 500 ohms. Our problem 
is to find the primary impedance 

Po 500 W 
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FIG. 18. Unequal powers can be supplied to the various loudspeakers by choosing the prope 
impedances for the transformer primaries. 

nating line impedance by the number 
of loudspeakers wanted. Thus, if there 
are to be 6 loudspeakers and the ter- 
minating impedance is to be 500 ohms, 
6 X 500 or 3000 ohms is the primary 
impedance that each matching trans- 
former must have. Each transformer 
must then be able to match this imped- 
ance to that of the voice coil that is to 
be connected to its secondary. If each 
transformer meets this requirement, 
the power will be evenly distributed 
among the loudspeakers no matter 
what their voice -coil impedances may 
be, since the transformers effectively 
make them all equal as far as the am- 
plifier is concerned. 

UNEQUAL POWER 
In many installations, we don't want 

equal power at each loudspeaker. One 
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values for each transformer that will 
provide the proper power distribution. 

To find these primary impedances, 
we must take these steps: 

1. Find the total power. 
2. Find the ratio between the total 

power and that needed for each 
individual loudspeaker. 

3. Multiply the line or amplifier im- 
pedance by the power ratio to get 
the primary impedance each 
transformer must have. 

The total power needed (Step 1) for 
our example is the sum of the powers 
of the individual loudspeakers. This 
is 25 + 25 + 10 or 60 watts. 

The ratio of the power (Step 2) of 
each of the 25 -watt units to the total 
power -is 60 - 25 or 2.4, The power 



ratio for the 10 -watt speaker is 
60= 10 or 6. 

The line impedance is 500 ohms. 
Therefore (Step 3), we must multiply 
500 by 2.4 to find the impedance that 
the primaries of Tl and T2 must have: 
this turns out to be 1200 ohms. Mul- 
tiplying 500 by 6 gives us 3000 ohms 
as the impedance of the primary for 
Ts. 

We can prove that we have found 
the correct ratios by computing the 
net impedance of these three primary 
impedances in parallel. The net im- 
pedance of the two 1200 -ohm pri- 
maries in parallel is 600 ohms; this 
600 -ohm value in parallel with the 
3000 ohms of Ts makes a net imped- 
ance of 500 ohms for the whole com- 
bination. Since this is equal to the 
amplifier output impedance, the loud- 
speakers are correctly matched to the 
line. 

Effectively, therefore, if we use 
transformers that will have reflected 
primary impedances equal to those we 
have calculated, the power will auto- 
matically be divided so that each 
speaker will receive the proper 
amount. Again, it doesn't matter 
whether the voice coils all have the 
same impedance or different imped- 
ances as long as the transformers 
match them properly to the calculated 
primary impedances. 

Another way that we can get the 
same result, and incidentally prove 
that this power distribution will occur 
properly, is to calculate the source 
voltage needed and then to find the 
impedance of the transformer primary 
from the source voltage and the re- 
quired power. In our example, we 
have a 500 -ohm source and require a 
total of 60 watts. The source voltage 
can be found from the formula: 

E2 = PsZs 
where Ps is the total power of the 

source and Zs is the impedance of the 
source. Multiplying 500 by 60 we get 
30,000 as the square of the voltage. 
By taking the square root of this value, 
we find that our source voltage is ap- 
proximately 172 volts. 

The impedance of each primary is 
given by 

E2 Z=P 
where PL is the power needed for that 
particular load. As an example, loud- 
speaker LS, requires 25 watts, and the 
square of the voltage is 30,000. Divid- 
ing 30,000 by 25 gives us 1200 ohms 
as the primary impedance, just as we 
calculated before. 

As another and somewhat more dif- 
ficult example, let's compute the pri- 
mary impedance needed for the trans- 
formers in the circuit shown in Fig. 19. 
This is a small hotel installation in 
which two 25 -watt loudspeakers are 
used in a ballroom, four 5 -watt loud- 
speakers are used in a dining room, 
and fifteen 2 -watt loudspeakers are 
used in individual rooms. The loud- 
speaker groups therefore take respec- 
tively: 

2 X 25 = 50 watts 
4 X 5 = 20 watts 

15X2 =30 watts 

making a total power of 100. watts. 
The power ratio for the 25 -watt loud- 
speakers is 4 (100 ± 25). For the 5 - 
watt loudspeakers it is 20 (100 - 5) 
and for the 2 -watt loudspeakers it is 
50 (100 = 2). 

With an amplifier termination of 
500 ohms, the primary impedance for 
the 25 -watt loudspeakers should be 
2000 ohms (500 X 4) ; for the 5 -watt 
loudspeakers it should be 10,000 ohms 
(500 X 20) ; and for the 2 -watt loud- 
speakers it should be 25,000 ohms 
(500 X 50). 

If we were to attempt to locate the 
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parts for this installation, we would 
find it difficult or impossible to obtain 
transformers for the 2 -watt loudspeak- 
ers. Power -handling transformers 
rarely have turns ratios that would 
cause a loudspeaker voice coil to ap- 
pear as a primary impedance of more 
than 10,000 to 15,000 ohms at the 
most. Therefore, it would be wiser for 
us to use some lower value of source 
impedance so that we can get this 
turns ratio for the 2 -watt loudspeakers 
down to something reasonable. 

If we use a source impedance of 125 
ohms, the 25 -watt loudspeakers will 
require primary impedance values of 
500 ohms (125 X 4), the 5 -watt 

loudspeakers will require 2500 ohms 
(125 X 20), and the 2 -watt loud- 
speakers will require 6250 ohms 
(125 X 50). Transformers having 
the necessary turns ratios to produce 
these impedances can be obtained 
easily. 

Incidentally, while we are on the 
subject of transformers and the values 
that are available, there is one fact 
you should keep in mind when you are 
looking for transformers: a trans- 
former rated to match two specific im- 
pedances can often be used for other 
impedances that are in the same pro- 
portion. For instance, a transformer 
listed to match 4000 ohms to let's say 
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FIG. 19. A small hotel installation in which unequal powers must be applied to the loudspeakers. 
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an 8 -ohm loudspeaker can also be used 
to match 2000 ohms to a 4 -ohm loud- 
speaker, and can be used to match 
8000 ohms to a 16 -ohm loudspeaker 
with only a slight loss in fidelity. 
Line -to -loudspeaker transformers can 
be used this way because the source 

impedance is always less than the 
actual primary reactance of the trans- 
former, so there is little frequency 
distortion. Notice that this is different 
from what you learned earlier in 
this Lesson about microphone -to -line 
transformers. 

Loudspeaker Switching; Equalizers 
In any installation involving a large 

number of loudspeakers, such as a 
hotel installation where loudspeakers 
are in separate rooms, it,will always 
be necessary to make it possible for 
loudspeakers to be cut in and out at 
will to suit the desires of the listeners. 
As we have just shown, however, the 
loudspeakers are all matched to the 
line. If we attempt to cut any of them 
in or out simply by throwing a switch, 
we will upset the impedance matching 
and the power distribution. If even 
one loudspeaker is cut off, the power 
applied to the others will increase to 
some extent; if many small or one or 
two large ones are cut off, the power 
increase may be so great that small 
loudspeakers left in the circuit will be 
ruined. Even if the remaining loud- 
speakers are not damaged, the fre- 
quent changes in volume level as loud- 
speakers are cut in and out will be 
highly undesirable. To prevent such 
effects, it is common practice to ar- 
range the circuit so that a resistor is 
substituted for the loudspeaker when 
the latter is out of the circuit. This 
keeps the total impedance of the cir- 
cuit constant at all times and there- 
fore prevents any variation in the 
power applied to the individual loud- 
speakers. 

One such arrangement is shown in 
Fig. 20A. Resistor R, equals the voice - 
coil impedance. When switch S is in 

the position shown, resistor R, is con- 
nected to the line in place of the loud- 
speaker; when S is thrown to the other 
position, the loudspeaker is energized 
and the resistor is cut out. Effectively, 
therefore, there is a constant -imped- 
ance load on the line regardless of the 
position of switch S. 

When transformers are used to 

FIG. 20. Two ways of keeping the impedance 
of a line constant whether loudspeakers are 

switched in or out. 

match the individual loudspeakers, 
the arrangement shown in Fig. 20B 
may be used. Here the value of R, 
corresponds to the reflected primary 
impedance of transformer TL. Again 
the line is not upset whether the loud- 
speaker is switched in or out. 

It is often necessary to make some 
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provision for adjusting the volume 
level of individual loudspeakers as 
well as for cutting them in or out. A 
hotel room or hospital installation is 
a practical example of one in which 
a volume control for each loudspeaker 
is needed. 

Again, it is necessary to be able to 

FIG. 21. Typical L pad (part A) 
(part B). 

control the volume without upsetting 
the impedance match. Therefore, in- 
stead of using an ordinary volume 
control (which could not handle the 
power anyway), some kind of special 
attenuator is used for controlling vol- 
ume at the loudspeaker. This attenu- 
ator is commonly either an L or T 
pad, so designed that it offers con- 
stant impedance at least to the source, 
and preferably to both the source and 
loudspeaker loads. Fig. 21 shows typi- 
cal examples of the L and T connec- 
tions. The resistor values are so 
tapered that the proper impedances 
are maintained. Sometimes these pads 
are continuously variable, sometimes 
they are switching units that use fixed 
resistors to produce a certain amount 
of attenuation at each position. 

In either case, these attenuators are 
designed to operate between definite 
impedance values. In the case of the 
kind shown in Fig. 21, they must be 

and T pad 

designed to operate at the voice coil 
impedance. 

CROSS -OVER NETWORKS 
In high-fidelity systems, dual loud- 

speakers are used to give a good over- 
all frequency response. One is a low - 
frequency or woofer type and the other 
a high -frequency or tweeter unit. A 
much better over-all frequency re- 
sponse can be obtained by the proper 
use of such combination speakers. The 
woofer speaker can be designed to 
handle the low frequencies exception- 
ally well, and the tweeter will give an 
extended high -frequency range. 

However, it is necessary to prevent 
high frequencies from being fed to the 
woofer and to prevent low frequencies 
from going to the tweeter. Fig. 22 
shows a typical cross -over network 
that is used to direct the various fre- 
quencies to the proper loudspeakers. 
It consists of a high-pass filter, CI -L11 
and a low-pass filter, C2 -L2. In the 
high-pass filter, condenser C1 is small 
in capacity and therefore offers a high 

FIG. 22. Typical cross -over network used to 
separate the frequencies fed to the loudspeakers 

in a tweeter -woofer combination. 

impedance to low frequencies. L1 at 
the same time offers low impedance at 
low frequencies, with the result that 
practically all low frequencies are 
dropped across C1 and are not applied 
to the tweeter. As the frequency goes 
up, however, C1 drops in reactance and 
L1 increases, so an increasing amount 
of power is applied to the tweeter. 

The opposite action occurs with the 
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low-pass filter L2 -C2 that is connected 
to the woofer. Here, only the low fre- 
quencies get through. 

The exact design of the high- and 
low-pass filters that make up this net- 
work depends upon the "cross -over" 
frequency. The cross -over is the fre- 
quency at which the woofer response 
should begin to die out as the tweeter 
response begins to increase. The fre- 
quency at which cross -over occurs de- 
pends on the loudspeaker design. 
Some loudspeakers are designed for 
cross-overs around 200 to 400 cycles, 
others may have cross-overs in the 
range between 1000 and 3000 cycles. 
Therefore, the cross -over network used 
must be designed for the particular 

ably close to the expected design 
values. However, it is possible that 
peaks or valleys will appear in the 
response of a system when it is as- 
sembled. This may well occur if all 
of the components-the microphone, 
the amplifier, and the loudspeakers- 
happen to have peaks or dips in their 
response that occur at about the same 
frequencies. 

The amplifier will usually have a 
tone control that will compensate for 
most of this kind of difficulty. How- 
ever, there may be installations-par- 
ticularly those in which transmission 
lines are used-in which it is not de- 
sirable to depend entirely on the tone 
control. For example, let's suppose 

FIG. 23. Simple equalizer circuit used to correct 
high -frequency attenuation. 

loudspeaker combination that is being 
used. This means that you must select 
loudspeakers that are designed to work 
together-you can't just combine a 
small loudspeaker and a large one and 
hope to make them work well together. 
The design of the loudspeaker must be 
carefully worked out if a smooth over- 
all response is to be obtained. 

If the low-pass and high-pass filters 
are properly designed, the net imped- 
ance at the input terminals of the two 
loudspeakers will remain practically 
constant-effectively, as the imped- 
ance of one drops, that of the other 
will rise to compensate for it. 

EQUALIZATION 
Ordinarily, the over-all response of 

a complete p.a. system will be reason - 

that a line somewhat longer than usual 
is required and that the high -fre- 
quency response has suffered accord- 
ingly. It may well be that the tone 
control of the amplifier is unable to 
make up this deficiency -or is able to 
do so only by being turned to maxi- 
mum treble gain, in which latter case 
there will be no reserve left for boost- 
ing the high frequencies in programs 
that need it. In either case, some other 
method of correcting the high -fre- 
quency attenuation should be used. If 
there is enough gain in the amplifier 
to permit us to throw away half the 
voltage, the equalizer shown in Fig. 23 
can be used. Here, condenser C1 has 
a capacity that is approximately equal 
to the total capacity introduced by the 
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line. Resistors R1 and R2 have equal 
resistances. Under these conditions, 
the over-all gain is reduced one-half, 
but the frequency response is extended 
considerably. The over-all response is 
also flatter. Incidentally, when imped- 
ance matching is important, the sum 
of Rl and R2 should equal the desired 
terminating impedance for this line. 

Obviously, equalizers like this one 
can be used only where there is suffi- 
cient reserve gain to make up for the 
loss introduced by the equalizer. 

Equalizers are also used for some- 
what different purposes with phono- 
graph pickups. A pickup may have a 
fairly high response in the region be- 
tween 5000 and 7000 cycles, with the 
result that the normal record noises 
may prove annoying to some listeners. 
They may be willing to sacrifice fidel- 
ity to get rid of such noise. In such 
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FIG. 24. Scratch filters for a crystal pickup 
(at A) and for a magnetic pickup (at B). 

cases, scratch filters like those shown 
in Fig. 24 may be used. That in Fig. 
24A is for use with a crystal pickup 
and that in Fig. 24B is for use with 
the magnetic pickup. Typical values 
of the circuit components are shown 
in each instance. 
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Rudyard Kipling once said: 

"We have forty million reasons 
for failure-but not a single 
excuse." 

Before you argue or disagree with that statement, 
think just a minute about a few world-famous men who 
had reasons to fail: 

Steinmetz, the great electrical genius, was severely 
crippled and practically blind. But he did not use his 
ailments as excuses. 

Thomas Edison was deaf. But he certainly did not 
use his deafness as an excuse for failure. 

When the going is tough, think about Kipling's state- 
ment-and think about the marvelous accomplishments 
of men who had reasons for failure, but who refused to 
use these reasons as excuses. Other men have overcome 
difficulties and handicaps-have succeeded in spite of 
troubles and difficulties. So can you! 
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TELEVISION RECEIVERS differ 
from sound receivers rather mark- 

edly in their power supplies. First, a 
TV receiver always has two supplies: 
1, a high -voltage, low -current supply; 
and 2, a "low -voltage" B supply that 
is required to furnish voltages in the 
range from 100 volts to 400 volts at a 
rather high current level. 

The "low -voltage" supply more or 
less corresponds to the B supply of 
sound receivers, but because of the 
large number of stages in the video 
chain from the antenna to the picture 
tube, plus the sync and sweep stages, 
plus the stages in the sound section 
(which you are going to study in this 
Lesson), the current and voltage de- 
mands made on it are unusually 
large. Later in this Lesson, we are 
going to study the B supply in detail. 

First, however, let's learn how the 
high -voltage supply operates. 

TYPES OF 
HIGH -VOLTAGE SUPPLIES 

The electrons in the beam in the 
picture tube must be accelerated by a 
high voltage if they are to strike the 
screen with enough velocity to make 
the fluorescent material glow. The 

SWEEP 
CIRCUITS 

POWER 
SUPPLIES 

small direct -view picture tubes (7 
inches or smaller) will operate rea- 
sonably well with voltages under 5000 
volts between the second anode and 
the cathode, but the larger direct - 
view tubes all require considerably 
higher voltages-as much as 15,000 
volts for a 16 -inch tube. The tube in 
a projection system is commonly op- 
erated at 25,000 to 30,000 volts. A TV 
set must therefore have a power sup- 
ply capable of furnishing a voltage 
somewhere between 3000 and 30,000 
volts, depending on its type. This sup- 
ply must be reliable and as safe as 
possible. 

Since it is impractical to get such 
a high voltage from the same power 
supply that is used for all the other 
tubes in the receiver, a TV set always 
has a separate high -voltage power 
supply. There are four types of these 
power supplies now in use, and we 
shall describe them in turn. They are: 

1. A 60 -cycle power supply that 
uses a conventional power transformer 
and rectifier -filter system almost iden- 
tical with the low -voltage types with 
which you are already familiar. 

2. A rectified r.f. power supply that 
uses an r.f. oscillator operating on 
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some frequency between 50 kc. and 
300 kc., followed by a rectifier -filter 
arrangement. 

3. A pulse supply that uses a block- 
ing oscillator, an amplifier tube, and 
a rectifier -filter. 

4. A kick -back supply (also known 
as a fly -back supply) that operates 
from the high voltage kick -back from 
the horizontal scanning yoke of an 
electromagnetic system. 

60 -CYCLE SUPPLY 
As you know, it is possible to get 

any voltage we want from a 110 -volt 
a.c. power line by the use of the proper 
power transformer. To get a high 
voltage, all we need is a secondary 
with a sufficient number of turns to 
give the proper step-up ratio between 
the secondary and primary. Of course, 
the secondary windings must be in- 
sulated to withstand the high voltage, 
making such a transformer costly and 
bulky. 

The number of secondary turns 
needed depends, as Fig. 1 shows, on 
whether full -wave or half -wave recti- 
fication is used. A full -wave rectifier 
(Fig. 1A) delivers a voltage equal to 
half the voltage across the secondary, 
because only half the secondary is 
used at a time. The same secondary 
winding in a half -wave rectifier cir- 
cuit delivers twice as much voltage, 
because the voltage across the entire 
winding is used. Of course, the full - 
wave output is easier to filter, and a 
higher current may be drawn from it 
for a given regulation; but these char- 
acteristics are not important in a TV 
high voltage supply, from which very 
little current is drawn. 

At such high voltages, there must 
be a maximum spacing between the 
filament and the plate leads to pre- 
vent breakdown. For this reason, the 
plate lead is brought out through a 
top cap on the tube. 

The filter is a standard condenser - 

input type except that a resistor is 
used instead of a choke coil. It is 
practical to use a resistor because the 
current demand is so low that there is 
little d.c. drop across it; and it is 
desirable to do so because it eliminates 
the insulation problem we would have 
with a coil and greatly increases the 
safety factor of the supply. 

This safety factor is important. 
Electricity kill3 because of current 
flow through certain portions of the 
human body. The body possesses a 
fair amount of resistance, so ordi- 
narily a reasonably high voltage is 
necessary before a lethal current can 
be made to flow through the body. 
However, people vary a lot in this 
respect-people with weak hearts may 
well be killed by currents that would 

FIG. 1. For the same number of turns 
on the secondary of the power trans- 
former, a half -wave supply (B) gives 
twice the output voltage of a full -wave 

supply (A). 
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FIG. 2. The use of the series resistor, 
R gives the power supply very poor 
regulation, thus making it safer to work 

with. 

not have much effect on others, and of 
course the body resistance changes 
drastically with the state of the health, 
the dryness of the skin, and other 
such factors. It is possible to get a 
severe and even dangerous shock from 
the voltages present in an ordinary 
radio set; obviously, the danger from 
the high voltages of a TV set is even 
greater. 

This danger can be reduced very 
considerably by using a high resist- 
ance instead of a choke coil in the 
power -supply filter section. If any 
attempt is made to draw much current 
from a circuit of this kind, the output 
voltage will' be drastically reduced 
because of the large drop across the 
series resistor of the power supply. 

This effect is illustrated in Fig. 2. 
In Fig. 2A is shown a simplified cir- 
cuit in which a 6000 -volt power supply 
having an internal or filter resistance, 
R1, of 1 megohm is delivering power 
to a load of 20 megohms. Under these 
conditions, there will be a voltage of 
5700 volts across the load. 

Now, suppose a person having a 
body resistance of about 20,000 ohms 
happens to get across the load. This 
will reduce the load resistance to about 
20,000 ohms, thus causing a change in 

the voltage division in the circuit. As 
Fig. 2B shows, the load voltage will 
drop to about 100 volts, and all the 
rest of the voltage will be dropped 
across R1, the filter resistor. 

Therefore, the power supply is made 
safer if a high -resistance R -C filter is 
used with it. For extra protection, ad- 
ditional resistors may also be added in 
series with the plate lead going to the 
rectifier tube, and the power trans- 
former secondary may be wound with 
very fine wire so that it will have con- 
siderable resistance. 

These precautions all help, but they 
still do not make this kind of power 
supply completely safe. Even though 
the current drain on such a supply is 
very small, it may be necessary to use 
condensers having capacities of as 
much as .1 mfd. in the filter circuit to 
remove all traces of hum ripple. A 
condenser of this size charged. to 5000 
or 6000 volts contains enough stored 
energy to kill. Therefore, NEVER 
touch a power supply of this type 
under any circumstances while it is 
operating. In fact, the supply is not 
safe even when it is turned off unless 
the filter condensers have been com- 
pletely discharged. All sets using 
power supplies of this kind have safety 
interlocks so arranged that the power 
is automatically cut off if the shield 
around the high -voltage supply is 
opened. Some even use relays to short- 
circuit the filter condensers. It is never 
safe to assume that these safety de- 
vices are operating, however. If you 
work on such a power supply, short 
the filter condensers individually with 
a test lead having high -voltage in- 
sulation. 

Because it is so dangerous, the 60 - 
cycle power supply was used only re- 
luctantly by set manufacturers. Just 
as soon as the types we are now going 
to describe proved practical, the 60 - 
cycle power supply fell into disuse. 
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You are likely to find it now only in 
some of the older sets that may come 

in for service. 

R.F. POWER SUPPLIES 

The amount of current needed from 
the high -voltage supply for the picture 
tube is exceedingly small-a matter of 

a few microamperes. This low drain 
has made it possible to develop several 
other methods of obtaining the high 
voltage. 

One of the simplest of these power - 

supply systems is shown in Fig. 3. The 
circuit contains a tuned -plate oscilla- 
tor in which tube VT,. is used. The 
tank circuit for this tube is C, -L2, and 
the feedback tickler coil is L1. 

Arranged on the same coil form is a 

closely coupled winding L2. This coil 

is tuned to resonate with the frequency 
of the oscillator by its distributed ca- 
pacity (C5) and is designed to have a 

high Q. By resonance step-up, the 
voltage across this winding can be 
made to be a number of times higher 
than that across the oscillator tank 
(which is practically equal to the B 

supply voltage of the oscillator) . 
The high voltage produced across 

coil L2 is rectified by VT2 and is ap- 
plied to the filter C6 -R3 -C7. (The out- 
put capacity C7 may be the capacity 
between the inner and outer coatings 
on an electromagnetic picture tube. If 

n- 

et 

FIG. 3. A simple form of r.f. power 
supply. 

an electrostatic tube is used, it will be 
an actual condenser.) 

Notice that there are a number of 

important innovations in this circuit. 
To begin with, this is an r.f. oscillator 
that operates somewhere in the fre- 
quency range between 50 and 300 kc., 
so r.f. design practices can be followed 
in its construction. The coil assembly 
rl is a fairly small air -core type rather 
than a bulky iron -core transformer. 
Insulation is no great problem, as the 
spacing between windings gives most 
of it. Coil L2 does not need to have a 

vast number of turns, because the high 
voltage across it is produced by reso- 
nance step-up, not by transformer ac- 
tion. 

The oscillator tube is an ordinary 
receiver -type low -power output tube, 
because the high -voltage supply re- 
quires a power of only about .5 to 1 

watt. 
The high -voltage output is depend- 

ent upon the tuning of the secondary 
coil L2-as a matter of fact, the output 
voltage is adjusted by varying the 
tuning condenser in the tank circuit to 
make its frequency match the resonant 
frequency of L2-05. If this circuit 
drifts off resonance, the output will 
drop appreciably. For this reason, this 
circuit is commonly modified as shown 
in Fig. 4 so that there is a feedback 
path from the high -voltage circuit to 
the oscillator. A coil of wire or a sheet 
of tinfoil wrapped around the rectifier 
tube VT2 is used to couple the oscilla- 
tor grid to the high -voltage output 
through the capacity between this 
coupler and the electron stream in the 
rectifier. The feedback connections 
could be made to the end of the high - 
voltage winding, but using the tube 
this way is preferable because it gives 
coupling and high -voltage insulation 
at the saine time. This coupling makes 
the high -voltage secondary L2 become 
the frequency -controlling winding be - 
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FIG. 4. This method of coupling reduces 
the possibility of drift in this r.f. power 

supply. 

cause of its high Q, so changing the 
tuning of the primary has little effect 
on the output. In other words, the 
circuits are locked to the resonant 
frequency of the high -voltage winding, 
with the result that there is much less 
danger that frequency drift will reduce 
the output. 

A rectifier tube that has a very low 
filament -power drain is needed for this 
circuit. If the rectifier tube filament 
were supplied from the power trans- 
former as other tubes are, its supply 
winding would have to have high - 
voltage insulation, which would make 
it necessary to use an expensive trans- 
former of special design. Instead, a 
tube is used that has a filament rating 
of 1.5 volts and 200 ma. and hence 
draws only about .3 watt. This low 
power requirement makes it possible 
for the tube to get its filament power 
from the r.f. oscillator as shown in 
Figs. 3 and 4. The filament winding 
consists of a one- or two -turn winding 
on the coil form that is coupled to the 
primary just tightly enough so that 
the proper power is removed for light- 
ing the tube filament. 

Since there is no way to measure 
the heating power of the rectifier tube 
filament directly, you must usually 
make a visual test to determine 

whether the tube is operating properly. 
Examine a tube while its filament is 
lighted from a 1.5 -volt dry -cell battery 
to get a good idea of the normal fila- 
ment brilliancy of the rectifier tube 
used in this circuit. If the filament is 
not lighted to its normal brilliancy 
when the tube is in the power supply, 
the r.f. oscillator is not producing the 
right output, and it must be retuned 

Since this is an r.f. power supply, 
the frequency of the ripple is much 
higher than that of the ripple in a 60 - 
cycle supply and therefore can be 
filtered out with much smaller capaci- 
ties. You will recall that the efficiency 
of a filter depends on the ratio of the 
choke (or resistor) impedance to the 
capacitive reactance. The higher the 
frequency, the less the reactance of a 
condenser, so a small condenser can be 
used to filter out high -frequency rip- 
ple; in fact, the filter condensers 
needed here may be as small as .0005 
mfd. Such low -capacity condensers 
are incapable of storing enough charge 
to be very dangerous. The use of a 
high series resistance and low -capacity 
condensers makes this power supply 
far safer than the 60 -cycle types. Of 
course, this kind of power supply can 
still give you a nasty shock, but a 
person in reasonably good health is 
not in extreme danger from its output 
voltage. 

The r.f. voltage supply we have just 
described has two basic faults. One is 
that it can produce interference. In 
an ordinary radio, a frequency of 150 
kc. or. so would be ignored. In a tele- 
vision set, however, this signal will 
produce a visible interference with the 
picture if it gets into the video system. 
(Remember that the video amplifier is 
capable of passing frequencies from 10 

cycles out to 4 megacycles, so the r.f. 
oscillator frequency is well within this 
range.) Careful shielding and filtering 
of the supply leads are necessary to 
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keep this interference at a minimum. 
(In addition, the shielding serves as a 
safety device by preventing accidental 
contact with the high -voltage circuits, 
which could cause shocks or r.f. burns, 
but this is merely incidental to its 
primary job of eliminating interfer- 
ence.) 

Another fault is that the high - 
voltage supply is independent of the 
sweep circuits. Should the sweep sys- 
tem fail and the high -voltage supply 
remain on, the electron beam would be 
concentrated in a single spot on the 
face of the picture tube. This con- 
centrated beam would burn the fluo- 
rescent screen away and thus ruin the 
tube. (This disadvantage is also pos- 
sessed by the 60 -cycle supply.) 

Both these objections are avoided 
in the two types of power supplies we 
are now going to describe. 

PULSE SUPPLY 
The pulse supply shown in Fig. 5 

contains a blocking oscillator, an am- 
plifier, and a rectifier. The blocking 
oscillator produces pulses, just as a 
similar type does in sweep circuits. 
These pulses are amplified, then 
stepped up by transformer T1. Since 
the blocking - oscillator half - wave 
pulses have a frequency around 150 

Tl is an r.f. transformer. 

CONTROL 
PULSE 

For reasons that we shall give in a 
moment, we want this circuit to op- 
erate in synchronism with the hori- 
zontal sweep. To produce this action, 
resistors R2 and R3 are connected 
across the B supply. Their resistances 
are such that the drop across R2, 
which is in the cathode circuit of VT,, 
is a bias sufficient to keep the tube 
blocked. The oscillator therefore can- 
not operate until a control pulse is 
received and is applied across R2 in 
such a way that the polarity of the 
control pulse opposes that of the d.c. 
drop across this resistor. 

This trigger pulse for firing the 
blocking oscillator is obtained from 
the output of the horizontal sweep 
amplifier and occurs only during the 
retrace portion of the horizontal sweep. 
Thus, the oscillator VT, is unblocked 
only during the horizontal retrace. As 
soon as it is unblocked, it generates a 
pulse. This pulse is completed before 
the horizontal retrace ends; then the 
oscillator is blocked again by the ac- 
tion of R2 and R3 until the next sweep 
retrace. 

The pulses produced by the oscilla- 
tor are amplified by VT2, rectified by 
VT3j and stored in the input filter con- 
denser. Because very little current is 
needed, it is possible for a low -capacity 

FIG. 5. Schematic diagram of a pulse high -voltage supply. 
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condenser to hold this charge reason- 
ably well during the long time interval 
from pulse to pulse. 

Since this power supply cannot op- 
erate at all unless a trigger pulse comes 
from the horizontal sweep, the high 
voltage will be removed from the pic- 
ture tube at once if anything happens 
to block the operation of the sweep. 
Furthermore, the oscillator is allowed 
to operate only during the time of the 
sweep retrace. Since the face of the 
picture tube is kept blank during that 
interval by the pedestal and the sync 
pulse, any interference that might be 
produced by the oscillator will be in- 
visible. Therefore, this circuit elimi- 
nates both the objections we found to 
the r.f. supply. 

Another respect in which this pulse 
supply is better than the r.f. supply is 
that its output is not dependent upon 
resonance and therefore is not subject 
to variations caused by frequency 
drifts. The step-up transformer Ti 
depends upon its turns ratio, not on 
resonance, for the voltage step-up. 
The output is controlled by the vari- 
able resistor R47 the setting of which 
determines the amount of signal fed 
to the grid of the pulse amplifier. 

Of course, more parts are used in 
this supply than in an r.f. type, but 
its advantages have made it popular 
in spite of its greater cost. 

THE FLY -BACK SUPPLY 
You will recall that when the hori- 

zontal sweep amplifier tube of an elec- 
tromagnetic sweep system cuts off, the 
energy stored in the horizontal deflec- 
tion yoke produces a half -sine -wave 
oscillatory surge of very high ampli- 
tude. This current flows through the 
secondary of the horizontal sweep out- 
put transformer and induces a high 
voltage in the primary. As a result, 
a peak plate voltage of 5000 or 6000 
volts is applied to the horizontal out- 
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FIG. 6. Schematic diagram of a fly -back 
high -voltage supply. This supply can be 
used only in sets using electromagnetic 

deflection. 

put tube in the usual circuit arrange- 
ment of this type. By adding a few 
more turns to the primary winding, as 
shown in Fig. 6, we can easily arrange 
for a voltage of from 9000 to 12,000 
volts to be developed across the full 
primary winding. Therefore, in an 
electromagnetic system, we can get the 
high voltage directly from the hori- 
zontal sweep circuit simply by adding 
a few more turns to the primary of 
the horizontal output transformer and 
adding a small secondary to supply 
the filament voltage for the high -volt- 
age rectifier. Obviously, this is by far 
the most economical power supply ar- 
rangement, since it entails mostly only 
a redesign of the horizontal output 
transformer. The only new parts 
needed are a rectifier tube and a filter. 

Besides being a very inexpensive 
power supply, it has the advantage of 
operating only during the retrace time, 
when the screen is dark. If anything 
happens to the horizontal sweep oscil- 
lator circuit that makes the sweep fail 
to operate, the high -voltage pulse will 
not be generated either. 

The only basic difficulty with this 
power supply is the fact that the 
amount of voltage produced depends 
on the amplitude of the horizontal 
sweep, which of course must be ad- 
justed to get the proper picture width. 
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In most sets, this problem is solved 
by using a dual amplitude control- 
one a size control in series with the 
deflection yoke, and the other a con- 
trol that varies the input or drive to 
the. horizontal sweep amplifier. It is 
usually possible to find settings of 
these controls that will let you get the 
proper high voltage and the desired 
picture size. 

This system is usable, of course, only 
in a set that has a horizontal deflec- 
tion yoke-it cannot be used with 
electrostatic tubes. It differs in this 
respect from the other systems dis- 
cussed, all of which can be used with 
either kind of picture tube. 

HIGH -VOLTAGE DISTRIBUTION 
When an electrostatic picture tube is 

used, a voltage divider is usually con- 
nected across the high -voltage supply 
to furnish the necessary voltages for 
all the elements within the picture 
tube. This is almost invariably done 
when a 60 -cycle high -voltage supply 
is used, because this supply can fur- 
nish all the required currents very 
easily. 

A typical basic voltage divider of 
this kind is shown in Fig. 7A. It is 
of course nothing but a series of re- 
sistances, arranged to give the proper 
voltage division, and also arranged to 
act as a bleeder across the power sup- 
ply. When the supply is turned off, 
this bleeder permits the filter con- 
densers to discharge. 

A modification of this circuit is 
shown in Fig. 7B. As you know, the 
horizontal sweep output tube used 
with an electrostatic tube requires a 
rather high plate voltage (but very 
little current). If the power supply 
can furnish the needed current, the 
plate supply for this sweep amplifier 
can be obtained from the voltage di- 
vider. 

Of course, all the elements of elec- 

+ 
HV 

TO 
900 V. SWEEP 

AMPLIFIER 

HV ® 
FIG. 7. Typical voltage -divider circuits 

used with electrostatic picture tubes. 

tromagnetic picture tubes could be 
similarly supplied. Here, however, it 
is much more common to supply the 
first anode and the bias voltages of 
the picture tube from somewhere in the 
low -voltage supply (normal B supply) 
and to reserve the high -voltage supply 
purely for use between the second 
anode and the cathode as an accelerat- 
ing voltage, This reduces the load on 
the high -voltage supply and also in- 
sures that the picture tube will go off 
if the low -voltage supply fails. A 
voltage divider is seldom used with 
such a supply. For safety, however, 
there may still be a bleeder that will 
discharge the filter condensers soon 
after the supply is turned off. 

EXTRA -HIGH VOLTAGES 
The power supplies we have dis- 

cussed up to now are the kinds that 
are commonly used to produce volt- 
ages under 10,000 volts. Much higher 
accelerating voltages are necessary for 
the larger direct -view tubes and for 
projection tubes, however. Most of 
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the larger direct -view tubes require 
from 12,000 to 18,000 volts for proper 
operation, and most of the projection 
tubes used in home receivers need from 
25,000 to 30,000 volts. (Voltages as 
high as 80,000 volts are used in some 
of the very large theater -size projec- 
tion units.) 

Such high voltages are secured in 
home receivers by using a pulse or 
fly -back supply in combination with a 
voltage -doubling or voltage -tripling 
circuit. This arrangement makes it 
unnecessary to use a transformer and 
a rectifier capable of handling ex- 
tremely high voltages, both of which 
would be expensive. 

The most popular form of voltage - 
multiplying circuit is shown in Fig. 8. 
Transformer TI is the output trans- 
former for either the fly -back or pulse 
circuit and supplies pulses for the 
high -voltage supply. The resistance 
R1 is the low -voltage bleeder; it is so 
low in resistance that it serves only 
to complete the circuit from C1 to T1 
insofar as the high -voltage supply is 
concerned. Here is how the circuit 
works: 

On the first pulse, rectifier VT2 
charges condenser Cl to the full out- 
put voltage rating of Ti through the 
path shown in Fig. 9A. When the 
pulse cuts off, there is a relatively 
long period (during the horizontal 

FIG. 

VT3 

-0 
C3 

o 

HV 

FIG. 9. This series of drawings shows 
how the voltage doubler shown in Fig. 8 

works. 

trace time) in which there is no volt- 
age pulse. As Fig. 9B shows, C1 is 
always connected across C2 through 
paths consisting of R2 on one side and 
R1 -T1 on the other. During the time 
that VT, is off, C1 discharges some- 
what, charging C2 with the polarity 
shown. (After several cycles of opera- 
tion, the voltage across C2 becomes 
practically equal to that across C1.) 

Now, on the next forward pulse, 
when the upper end of transformer T1 
is positive, VT, again conducts to re - 

8. A voltage -doubler circuit corn- charge C1. At the same time, voltage 
monly used in home projection sets. is applied to VT3 through the path 

9 



13 

HV 

1B 

FIG. 10. A voltage -tripler circuit. 

shown in Fig. 9C. The voltage ap- 
plied is the sum of the pulse voltage 
across T1 plus the voltage across 02 
and minus the voltage across C1. 
Since the voltages across Cl and 02 
are equal and opposite, the voltage 
developed across T1 is what is applied 
to VT3. This tube then conducts, al- 
lowing the full T1 voltage to be ap- 
plied to C3. As a result, C3 is charged 
to the same voltage as Cl is. 

As Fig. 9D shows, the high -voltage 
output is the voltage across Cl and 03 
in series. Hence, each condenser sup- 
plies half the voltage: if the output is, 
let us say, 20,000 volts, the voltage 
across C1 is 10,000 volts, and the volt- 
age across C3 is likewise 10,000 volts. 
Hence, neither of these condensers has 
to have an extremely high voltage 
rating, which means they can be rela- 
tively inexpensive. That is an im- 
portant feature of this circuit: in some 
other voltage -doubling circuits, at 
least one condenser has to be able to 
withstand a higher voltage. 

This feature is even more important 
if the voltage must go up to 30,000 
volts or more. A voltage tripler, using 
the same basic circuit (Fig. 10), is 
used to produce such voltages. In the 
circuit in Fig. 10, conduction of VT1 
initially charges Cl. Then,.while VT1 
is off, Cl charges C2. On the next 
pulse of the input voltage, VT2 con- 
ducts, charging C3 j on the next, C5 
charges 04; and on the next, VT3 con- 
ducts, charging 05. All five condensers 
in the circuit then have the same volt- 

age across them. The high -voltage 
output is the sum of the voltages 
across C1, 03, and 05. 

Notice that filament -type rectifier 
tubes are used in the circuits in Figs. 
8 and 10, thereby eliminating the 
cathode -to -heater leakage problem 
that would exist if rectifiers having 
separate cathodes were used. Separate 
filament windings, insulated from each 
other by high -voltage insulation, must 
be used to supply these filaments. 

In the circuits in Figs. 8 and 10, the 
high -voltage supply usually feeds into 
a filter resistor and from it directly to 
the second anode of the picture tube. 
If the tube is glass, as you know, the 
output filter condenser is formed by 
the coatings inside and outside the 

FIG. 11. The action of the voltage. 
tripler circuit (part A) is shown in part B. 
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funnel of the picture tube, which are 
separated by the glass of the funnel. 
The inner coating is connected to the 
second anode within the tube, and the 
outer coating is grounded. 

Another form of voltage tripler is 
shown in Fig. 11. This circuit uses 
fewer parts than the one in Fig. 10, 
but two of the condensers must have 
twice the voltage rating needed in the 
other circuit. This supply, which is 
used in a popular projection set, is 
unusual in that it is driven by a sine - 
wave voltage instead of by pulses. Al- 
though the amplifier VT1 is driven by 
a pulse from a blocking oscillator, it 
excites L1, which acts as a resonant 
tank circuit and, by fly -wheel action, 
produces a sine -wave voltage that is 
applied to the tripler circuit. 

The voltage -multiplying action is 
shown in Fig. 11B. When the polarity 
of the oscillatory tank voltage makes 
the upper end (X) of L1 positive, cur- 
rent will flow through the rectifier tube 
VT2 and thus charge condenser C1 to 
a voltage equal to that across the coil 
(about 8500 volts) . 

When the polarity of the oscillatory 
voltage reverses so that Y is positive 
with respect to X, the voltage across 

L1 plus that across Cl is applied to 
VT3, causing VT3 to pass current. 
When VT3 conducts, 02 is charged; 
since the applied voltage is equal to 
the sum of the voltage across Cl and 
L1, C2 is charged to about 17,000 volts 
and must be rated accordingly. 

On the next reversal of the oscil- 
latory cycle, when X is positive with 
respect to Y, the conducting path is 
from the source L1 through condenser 
Cl, condenser 03, tube VT and con- 
denser C2 back to the source. If you 
trace this path, you will see that the 
polarities are such that the voltages 
across L1 and C1 buck each other; as 
a result, 03 is charged by the voltage 
across C2, meaning that it is charged 
to twice the source voltage. 

The output high voltage is the sum 
of the voltages across 03 and Cl; in 
other words, it is twice the source 
voltage plus the source voltage, or 
three times the source voltage. As we 
pointed out earlier, this tripler uses 
fewer parts than the one in Fig. 10, 

but both 02 and C3 in Fig. 11 must 
have at least twice the voltage rating 
needed for any of the condensers in 
the other circuit. . 

Low -Voltage Power Supplies 
The high -voltage power supply that 

we have described is intended pri- 
marily to furnish the accelerating 
voltage for the picture tube. In a set 
using an electromagnetic picture tube, 
all other stages, including the low - 
voltage elements of the picture tube, 
require normal B voltages from a sep- 
arate supply. In a set in which an 
electrostatic tube is used, the high - 
voltage supply may also supply the 
lower operating voltages for the pic- 
ture tube and perhaps the plate volt- 

age for the output sweep amplifier. 
However, all other stages require nor- 
mal B supply voltages. 

Just as in standard radio receivers, 
there are two basic forms of B sup- 
plies-one that uses a power trans- 
former and one that does not. Let's 
see how the B supply of a TV set is 
different from the basic types with 
which you are familiar. 

TRANSFORMER SUPPLIES 
Fig. 12 shows a basic full -wave rec- 

tifier -filter -divider arrangement like 
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FIG. 12. Basic full -wave rectifier circuit. 

that used in a standard radio receiver, 
and Fig. 13 shows a typical trans- 
former power supply of a TV receiver. 
Let's analyze the latter supply to see 
how it differs from the former. 

One major difference is that two 
rectifier tubes in parallel are used in 
the TV supply. This is necessary be- 
cause a TV set has three or four times 
as many tubes as the average radio 
has and therefore uses much more 
current. 

Notice that one plate of each tube is 
connected in parallel with the corre- 
sponding plate of the other tube. It 
would also be possible to connect the 
two plates of each tube in parallel, 
thereby making each tube a high - 
power half -wave rectifier, and then use 
the two tubes in a full -wave circuit. If 
this were done, however, and one tube 

b V T2 

40 + 

CI 
I - 

should fail, we would get half -wave 
rectification and consequently hum 
and a considerably reduced output. 
With the arrangement shown in Fig. 
13, failure of one tube will overload 
the other one but will not cause hum, 
because we will still get full -wave 
rectification. Therefore, the circuit 
will continue operating until the sec- 
ond tube fails. 

The filter arrangement is standard 
except that condensers are used in 
parallel to furnish the very high ca- 
pacity needed to filter when the current 
demand is high. Thus, Cl and 02 form 
an 80-mfd. input capacity, and 03 and 
C, give an output capacity of 120 mfd. 

The voltage divider is made up of 
resistors R1 to R, inclusive, plus the 
focus coil. Different amounts of B 
supply voltage are available from the 
taps that are above ground potential; 
the taps below ground potential fur- 
nish bias voltages. 

A large number of electrolytic by- 
pass condensers are used to provide 
additional filtering. Notice that nearly 
every tap is heavily by-passed. The 
bias taps are not by-passed in the 
power supply, but additional by-pass- 
ing is used in the receiving circuits to 
which the bias voltages are fed. This 
extra by-passing helps to reduce hum 
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FIG. 13. Typical TV low -voltage supply using a power transformer. 
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-105 -loo -10 

FIG. 14. Although all the elements of 
this tube are connected to negative voltage 
sources, there is a normal relationship 
between the cathode, grid, and plate 

voltages. 

and interaction between stages. 
The voltage divider resistors are 

designed to draw a rather high current 
so as to stabilize the output voltages 
at the various terminals. Since the 
focus coil must have a high current 
flowing through it for it to be effective, 
it is placed in the circuit at a point 
where all of the bleeder current plus 
the B supply current for all of the 
tubes (except for the amount that re- 
turns through the -100 -volt lead) will 
flow through it. In this set, the focus 
is adjusted by varying the resistance 
in parallel with the focus coil and thus 
changing the current through it. This 
adjustment is not provided in some 
sets; in these, the focus is changed by 
moving the coil on the neck of the 
picture tube. 

Most tube circuits get their B -sup- 
ply voltige from the +275- or +135 -volt 
tap, and the cathode returns are made 
through ground to the terminal at the 
junction of R4 and R5. Fixed biases 
are usually taken from the -2- and -18 - 
volt taps. 

The -100 -volt tap permits a higher 
voltage to be applied to certain cir- 
cuits, such as the sweep output circuit. 
For example, if the plate of a tube is 
connected to the +275 -volt tap and its 
cathode to the -100 -volt tap, the total 
voltage between these two elements is 
275 + 100 or 375 volts. 

Remember that the voltage applied 
between any two elements of a stage 
is equal to the voltage difference be- 
tween the elements. For example, it is 
not at all uncommon to have an ar- 
rangement like that shown in Fig. 14 
in which all of the tube elements ap- 
parently go to negative voltage ter- 
minals. However, this just means that 
each voltage is negative with respect 
to ground. The plate of the tube is at 
-10 volts, whereas the cathode is at 
-100, so the plate is 90 volts positive 
with respect to the cathode. Since the 
grid is at -105 volts, it is negative with 
respect to the cathode by 5 volts. It 
is not uncommon to find an arrange- 
ment of this sort in TV circuits, par- 
ticularly when a d.c.-coupled video 
amplifier is used. 

From what we have said, you can 
see that a television B -voltage supply 
in which a transformer is used is not 
very much different from those used 
in radio sets. Even the filament sup- 
ply is relatively ordinary. The circuit 
shown in Fig. 13 is a little unusual in 
that the major filament winding pro- 
duces a voltage of 12.6 volts. This 
winding has a center tap, however, so 
each half furnishes 6.3 volts, which is 
what most of the tubes in the set use. 
This design is used in some sets be- 
cause there is some economy in mak- 
ing one continuous winding with a tap 
on it instead of making two separate 
insulated windings, although the latter 
construction is also common. In some 
sets, also, a 12.6 -volt supply is needed 
for one or two tubes: this can be 
gotten by connecting the tube across 
the full winding. 

TRANSFORMERLESS SUPPLIES 
A power transformer of the kind just 

described, which can handle powers up 
to 500 watts, is large, heavy, and ex- 
pensive. Bulk, weight, and manufac- 
turing costs are reduced in many TV 
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sets, particularly the smaller ones, by 
using transformerless supplies similar 
to those used in a.c.-d.c. radios. In 
such TV sets, the high B -supply cur- 
rent requirements are met by using 
rectifier tubes in parallel and by using 
selenium rectifiers. 

These selenium rectifiers consist of 
"washers" coated with selenium, which 
has the property of conducting far 
better in one direction than in the 
other. They are satisfactory, if not 
perfect, rectifiers, and they are small 

FIG. 15. Typical transformerless TV low - 
voltage supplies using voltage -doubler 

circu its. 

and easy to mount in any position on 
or underneath the chassis. 

A TV receiver requires B voltages 
that are at least twice the usual power - 
line voltage, so voltage doubling is 
always used in transformerless TV 
supplies. In fact, voltage triplers and 
even quadruplers are used. 

Fig. 15A shows the usual voltage 
doubler, which operates like the one 
described earlier. When the source 
voltage makes terminal Y positive 
with respect to X, VT' conducts, 
charging Cl to the source voltage with 
the polarity shown. When the polarity 
of the source reverses, the line voltage 
plus the voltage across C2 are applied 
to VT2, causing it to conduct and thus 
charging C2 to about twice the line 
voltage. Since both Cl and C2 have 
relatively high capacities (120 to 150 
mfd.), they are able to retain con- 
siderable charge and consequently re- 
main fairly constant in voltage even 
when a certain amount of power is 
drawn from them. 

The selenium rectifier circuit shown 
in Fig. 15B is exactly like the tube 
circuit in Fig. 15A in its operation. 
(The "arrow" of the selenium symbol 
corresponds to the tube plate; the 
"plate," to the tube cathode.) This 
latter circuit has been redrawn in Fig. 
15C to show how' it is usually repre- 
sented in the schematic diagram of a 
set. 

Incidentally, the ground symbol in 
these circuits represent the set chassis, 
not an actual ground. As in any a.c.- 
d.c. power supply, a condenser must be 
used between the chassis and any ex- 
ternal ground as a protection in case 
the wrong side of the power line is 
connected to terminal Y. 

Fig. 16 shows a somewhat more 
elaborate transformerless power sup- 
ply in which two rectifier tubes and a 
selenium rectifier are used. With this 
arrangement, it is possible to get four 
different B voltages. One is the same 
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FIG. 16. A transformerless power supply 
that can furnish four different B voltages. 

as the power -line voltage; the others 
are respectively twice, three times, and 
four times the line voltage. Each of 
these voltages can be fed independ- 
ently to the circuits requiring it. 

The selenium rectifier S1 is used to 
provide half -wave rectification in the 
circuit from the power plug through R1, 
Si, and C1 to ground, and thus back to 
the power line. The d.c. voltage de- 
veloped across C1 (which is approxi- 
mately equal to the line voltage) is 
filtered by L1 and C2 to produce an 
output voltage across C2 that is about 
equal to the line voltage. 

There is also a connection from the 
junction of rectifier S1 and condenser 
C1 to the plate of diode D2 of the 
rectifier tube VT1. The cathode of 
this rectifier tube goes to an input 
filter condenser Co, the other terminal 
of which is connected to one side of the 
power line. This is a voltage -doubler 
circuit: when the polarity of the power 
line voltage is such that terminal Y is 
positive with respect to X, the line 
voltage will add to the voltage across 
C1 and charge condenser Co through 
diode D2 to approximately twice the 
power -line voltage. The doubled out- 
put voltage across condenser C8 is 
then filtered by the combination R3 -C7 

and appears between terminals 2 and 
3. 

On the next half -cycle, when X is 
positive with respect to Y, the power - 
line voltage will add to the voltage 
across CB to charge C5 through VT2 
to three times the power -line voltage. 
This tripled voltage appears between 
terminal 4 and ground. 

Finally, diode D1 of VT1 acts as a 
half -wave rectifier to permit condenser 
C3 to charge directly from the power 
line. The voltage across C3 is filtered 
by R2 -C2 and appears between ter- 
minal 5 and ground. The connections 
are such that terminal 5 is negative 
with respect to ground. Therefore, 
the voltage between terminals 5 and 4 
is equal to four times the line voltage. 
This quadrupled voltage is used for 
the sweep output amplifier in the elec- 
trostatic set using this supply. 

Fig. 17 is a final example of an elab- 
orate power -supply system. The trans - 

FIG. 17. A compromise power supply 
that uses an auto -transformer, principally 

to supply tube filament voltages. 
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FIG. 18. Typical voltage distribution system used with a transformerless supply. 

former used in this circuit is an auto - 
transformer, the output of which is 

only slightly higher than the power - 
line voltage. It is used primarily to 
supply filament voltages for the tubes 
in the set. 

The upper two rectifiers act as a 
voltage doubler. One section of one 
tube is in parallel with a corresponding 
section of the other tube so that twice 
the current can be handled. On one 
half -cycle, condenser Cl is charged; on 
the next, the voltage across CI adds to 
the line voltage and charges 02 to 
twice the line voltage. Notice that the 
output voltage of this section of the 
power supply is negative with respect 
to ground. 

The lower three tubes also make up 
a voltage doubler, this time with three 
sections-one of each tube-in parallel 
so that very high currents can be 
handled. This section supplies the 
normal B voltage to the receiver. Since 
its output is positive with respect to 
ground, a voltage equal to four times 
the line voltage is available between 
terminals 1 and 4 o& the supply. 

B -Supply Distribution. Since the 
current available from any voltage - 
multiplier circuit is rather limited, it 
is common practice not to use a bleeder 
with transformerless supplies but to 
arrange the tube circuits insofar as 
possible to use the full output of the 
B supply. If some stages are to op- 
erate at lower voltages, the stages may 
be connected so as to divide the volt- 

age between them, as shown in Fig. 18. 
Here, the stages numbered 1, 2, 3, and 
4 are connected directly across the 
full B supply. Stages 5 and 6, how- 
ever, are in series across the supply. 
This arrangement is permissible if the 
two stages are to operate from half 
the total supply and draw identical 
currents. 

In the remainder of the circuits, the 
stages 7, 8, 9, and 10 are in parallel, 
and their currents flow through the 
stages 11 and 12. In this case, the 
plate current sum of the first four must 
equal that of the latter to give the 
proper voltage division. 

Fig. 19 shows how two tubes may be 
connected in series across the power 
supply. In this case, the d.c. path, 
starting from B-, goes to the cathode 
of VTl, then through this tube and its 
load resistor R2 to the cathode bias 
resistor R4 of VT2. From here, the 
path is through tube VT2 and its load 
resistor R5 back to B+. 

Fig. 20 shows a typical 

B - 

example of 

B+ 

C6 

FIG. 19. How two tubes may be con- 
nected in series across the B supply. 
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FIG. 20. An example of the use of the 
circuit shown in Fig. 19 in a practical 

receiver. 

TO B - 
TO B+ 

this kind of connection in the i.f. 
section of a TV receiver. Once again 
the two tube plate circuits are in series 
across the B supply. (Trace from B- 
through R2, VT, R,, R5, VT2, and R5 
to B+.) Notice that the contrast con- 
trol is connected to the grid of VT,. 
If you change the bias on this tube by 
changing the setting of the contrast 
control, the plate current through VT, 
will change. The plate current of VT2 
will then also have to change, since 
the two are in series, and the same 
current must flow through all thé ele- 
ments in a series circuit. Therefore, 
adjusting this control changes the cur- 
rent and hence the gain of two stages 
simultaneously. 

FILAMENT DISTRIBUTION 
SYSTEMS. 

When a power transformer is used, 
the tube filaments are usually operated 
from filament windings, just as they 
are in standard radio receivers. When 
a transformerless type of B supply is 
used, on the other hand, the tube fila- 
ments are usually in some series -paral- 
lel arrangement so that they may be 
operated from the power line directly, 
as they are in a.c.-d.c. radios. 

The power supply shown in Fig. 17 
uses a compromise arrangement in 
which the filaments of all the tubes 

except the rectifiers are supplied from 
the 6.3 -volt windings on the trans- 
former. The five rectifier tubes, which 
have 25 -volt filaments, are connected 
in series across the "high -voltage" 
winding of this transformer-which, 
in this case, is practically the same 
as connecting the five filaments in 
series across the power line. 

Notice that the manufacturer has 
obviously made a compromise. He 
could have used rectifiers having 
higher current ratings had he wanted 
to use tubes with 5 -volt filaments. 
Doing, so, however, would have made 
it necessary for him to have added an- 
other filament winding to the trans- 
former; furthermore, he would have 
had to use a much larger transformer 
to take care of the extra power needed. 

In those receivers that have no 
power transformer at all, the tubes are 
of course chosen to have the proper 
filament voltage and current ratings 
so that a reasonable filament string 
can be set up. Of course, it is im- 
possible to connect so many tubes in a 
single string, particularly since the pic- 
ture tube, which has a fairly high 
filament -current rating, must be in the 
string. Therefore, you will ordinarily 
find that the filaments are in some 
series -parallel arrangement such as is 
shown in Fig. 21. Here, five tubes in 
series with Rl form one string, and 
and eight tubes plus R2 form another. 
These two series strings both pass cur- 
rent through tubes VT, and VT2. 
Tube VT, has a current rating twice 
that of any tube in the series strings so 

RI 

25V 5V 12V 12V BV 

FIG. 21. Some series -parallel arrange- 
ment of this sort is always used in trans- 
formerless sets to supply the proper 

filament voltages. 
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that it can carry both currents. Tube 
VT2 does not have as high a rating, 
so it is shunted by resistor R3j which 
carries the extra current. 

The resistors Rl and R2 have the 
proper resistances to reduce the supply 
voltage to the amount required by 
each series string. They also usually 
have a ballast action so that they will 
protect the tubes when the set is first 
turned on. This is necessary because 
the tube filaments have low resistance 
when cold, so a high current can flow 
through them until they warm up. If 
this were allowed to happen, the lives 
of the tubes would be shortened. To 
prevent it, the series resistors used are 

usually either ballast tubes or special 
"Globar" resistors so made that their 
resistances decrease as they get warm. 
The cold resistances of these resistors 
are high enough to limit the starting 
current to a safe value; then, as the 
tubes warm up, the resistances of the 
ballast resistors decrease enough to 
permit the filaments to get the proper 
currents. If these burn out, it is impor- 
tant to replace them with exact dup- 
licates. 

The by-pass condensers and r.f. 
choke coils shown in Fig. 21 act as 
filters on the r.f. and i.f. tube filaments 
to prevent stray coupling between 
stages along the filament leads. 

The Sound Channel 
In general, the sound channel of a 

TV receiver resembles very closely the 
i.f., detector, and audio portions of an 
f.m. sound receiver. There are some 
differences between them, however, 
which we shall now discuss. 

First, let's make sure you under- 
stand the difference between the so- 
called "standard" or "conventional" 
and the "intercarrier" or "intermodu- 
lation" sound systems. 

STANDARD RECEIVERS 

Fig. 22A shows in block -diagram 
form the arrangement of stages in the 
standard TV receiver. In this set, the 
mixer -first -detector (or converter) 
produces two i.f. frequencies-a video 
i.f. carrier that is amplitude -modu- 
lated by the video signal and sync 
pluses, and an audio i.f. carrier that is 
frequency -modulated by the sound 
signal. The transmitter radiates two 
separate carriers with these modula- 
tions, and the local oscillator beats 
with both to produce the two new i.f. 
carriers. The sound i.f. carrier is 4.5 

mc. below the video i.f. carrier when 
the oscillator is above the frequency 
of the incoming signal, as it is in most 
receivers. If, for example, the video 
i.f. carrier is 25.75 mc., the sound car- 
rier will be 21.25 mc. In most modern 
TV receivers the video carrier is some- 
where between 25 and 46 mc., and the 
sound carrier is therefore somewhere 
between 21 mc. and 42 mc. 

Since the sound and video carriers 
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FIG. 22. Block diagram of a standard 
TV receiver (A) and of an intercarrier 
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are two entirely separate signals, the 
two can be separated by tuned cir- 
cuits. In some sets, the sound take- 
off point is right at the output of the 
converter. However, if greater gain is 
desired, the sound may be taken out 
after the first or second video i.f. am- 
plifier, in which case these stages must 
have a sufficiently broad response to 
handle both carriers. 

After the sound i.f. is removed from 
the video i.f. path, it is applied to a 
regular i.f. amplifier having a pass - 
band of about 300 kc. Usually, there 
are two sound i.f. amplifier stages, 
followed by one or two limiter stages, 
the latter of which feeds into a dis- 
criminator. In some sets, a ratio de- 
tector is used instead of a discrimi- 
nator, in which case the limiter stages 
may be converted into regular sound 
i.f. aìnplifiers or may be missing alto- 
gether. In general, however, there 
will be at least three stages in the 
sound i.f. portion of the set, including 
the limiter (if one is used). 

From the discriminator, the sound 
signal passes through a normal two - 
stage audio amplifier before being ap- 
plied to the loudspeaker. The power 
output stage may be push-pull in the 
larger sets. 

INTERCARRIER SYSTEM 
At first glance, the only difference 

between the intercarrier system shown 
in Fig. 22B and the "standard" shown 
in Fig. 22A appears to be that the 
sound take-off is at the output of the 
video amplifier in the former. Actu- 
ally, in the intercarrier system, there 
is rarely more than one stage in the 
sound i.f. portion, which is why the 
circuit is popular with the manufac- 
turers of smaller receivers. 

In the intercarrier system, the two 
carriers pass through the video i.f. am- 
plifier together. When both are ap- 
plied to the video detector, a beat of 

4.5 mc. occurs between the two car- 
riers. This difference frequency is fre- 
quency -modulated by the sound signal 
and somewhat amplitude -modulated 
by portions of the video signal. This 
new 4.5 -mc. carrier then passes through 
one or more stages of the video ampli- 
fier. At some point, it is trapped out 
of the video path and applied to the 
4.5 -mc. sound i.f. section. The sound 
i.f. is tuned to 4.5 mc. regardless 
of the video and sound i.f. carrier 
frequencies. This 4.5 -mc. signal with 
its complex modulation is amplified 
by the sound i.f. and then fed to 
either a discriminator or a ratio de- 
tector. Here any amplitude modula- 
tion is wiped out, with the result that 
only the frequency modulation pro- 
duces an audio signal. (Of course, if 
any stage in the chain handling the 
4.5 -mc. signal is overloaded by this or 
any other signal, cross -modulation 
products will be set up with the result 
that some of the video modulation 
may cause a hum from the loud- 
speaker.) 

The audio amplifier used with the 
intercarrier system is just like that 
found in the standard system. 

To sum up, the major differences 
between the standard receiver and the 
intercarrier type are: 

1. In the standard receiver, the 
sound take-off point is in the video 
i.f. amplifier, either immediately fol- 
lowing the converter or after the first 
or second video i.f. amplifier stage. In 
the intercarrier system, the sound 
take-off is in the video amplifier. 

2. In the standard receiver, the 
sound i.f. amplifier is tuned to a fre- 
quency 4.5 mc. below that of the video 
i.f. amplifier. There are usually two 
amplifying stages followed by a lim- 
iter or two in the sound i.f. section. In 
the intercarrier system, the sound i.f. 
amplifier is tuned to 4.5 mc. and rarely 
has more than one stage. 

3. Since the video section of a set 
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using the intercarrier system handles 
the sound signal also, it must have a 
greater band width than is necessary 
in a standard set. 

Whether the standard or the inter - 
carrier system is used, the sound sig- 
nal must be kept out of the picture as 
much as possible. In the standard set, 
the video i.f. stages following the point 
of sound take-off always have one or 
two sound i.f. traps. These traps, 
which are tuned to the sound i.f. fre- 
quency, are intended to attenuate the 
sound signal so that very little of it 
will reach the video detector. If even 
a small portion does reach the video 
detector, the 4.5 -mc. beat that is a 
characteristic of the intercarrier sys- 
tem will be produced, and in addition, 
because of slope detection in the video 
detector, the sound modulation will be 
converted into an amplitude signal. 
Both these signals can appear in the 
picture. The 4.5 -mc. beat will produce 
a very fine-grained dot pattern, and 
the audio signal will produce bars 
across the picture. Some sets have a 
4.5 -me. trap in the video amplifier to 
remove the 4.5 -mc. "grain" pattern. 

In spite of the sound i.f. traps, the 
sound signal may reach the detector if 
the set is not properly tuned to the sta- 
tion or the circuits are out of alignment. 
This is why sound bars show up when 
the fine tuning control is improperly 
set. 

In the intercarrier system, 4.5 -mc. 
grain traps are usually found at or 
following the point of the sound i.f. 
take-off. Some of the small (7") sets 
using the intercarrier system do not 
use grain traps, since the fine-grained 
pattern produced by the 4.5 -me. beat 
is not too apparent at the normal view- 
ing distance for a 7" tube. 

PRODUCING THE 
INTERCARRIER BEAT 

The f.m. detector is supposed to re- 
move all amplitude variations from 

the i.f. beat signal produced in the 
intercarrier system. To make it easier 
for the detector to do so, the amplitude 
modulation in the beat signal is kept 
as small as possible. This is done by 
taking advantage of two facts: 

1. When two signals are allowed to 
beat together, and one signal is very 
much weaker than the other, the am- 
plitude of the beat signal is approxi- 
mately equal to the amplitude of the 
weaker signal and practically inde- 
pendent of the amplitude of the strong 
signal. 

2. If either of two beating signals 
is frequently -modulated, the complete 
frequency modulation appears in the 
beat signal. 

These characteristics of beat signals 
are made use of in the intercarrier sys- 
tem by reducing the strength of the 
sound i.f. carrier so that it is far 
weaker than the video i.f. carrier when 
the two signals are applied to the video 
demodulator. As a result, the 4.5 -me. 
beat has the full f.m. or sound modula- 
tion but very little amplitude modula- 
tion from the picture signal. 

The sound i.f. carrier can be re- 
duced to the desired strength (about 
5% or 1070 of the video i.f. carrier 
strength) in an intercarrier set by 
using video i.f. stages having the re- 
sponse shown in Fig. 23A. Notice 
that this response has a small flat 
plateau around the sound i.f. carrier 
frequency; as a result, there is little 
possibility of slope detection of this 
carrier and consequently little chance 
of cross modulation. The shape and 
amplitude of the response at 'this fre- 
quency are determined by the align- 
ment of the i.f. amplifier and by the 
judicious use of traps. These traps 
are not tuned directly to the sound 
carrier; instead, they are tuned near 
and to either side of it to produce the 
desired response. 

Because of the difficulty of securing 
the response shown in Fig. 23A, the 
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FIG. 23. The ideal video i.f. response of 

an intercarrier set is shown in part A. 

The response shown in part B is more 
commonly used in practice. 

one pictured in Fig. 23B is more com- 
monly used in intercarrier sets. There 
is no plateau at the sound -carrier fre- 
quency in this latter; instead, the re- 
sponse is merely made low at this fre- 
quency. Cross modulation can there- 
fore occur in a set in which this ar- 
rangement is used. 

Since the sound i.f. carrier is held at 
a fairly low value in passing through 
the i.f. section in the intercarrier sys- 
tem, most of the amplification it is to 
get must be received in some later sec- 
tion. Usually the video amplifier is 
used to furnish the desired gain so that 
it will not be necessary to add a stage 
to the 4.5 -mc. amplifier. 

There are a few disadvantages to 
the intercarrier system that have lim- 
ited its acceptance. One is that dur- 
ing bright portions of a picture, the 
video carrier is low, with the result 
that more of the picture signal gets 
mixed with the audio signal. During 
such bright portions or during any 
overmodulation of the picture signal, 
therefore, the sound signal may have 
hum in it. It will be basically a 60 - 

cycle hum, since 60 cycles is the frame 
repetition rate of the picture signal, 
and the effect causing the hum occurs 
in each frame. 

Another disadvantage is that if the 
picture carrier disappears at any time 
because of difficulty with the picture 
at the transmitter, the sound will 

automatically disappear too. 
Furthermore, the picture contrast 

control will also control the sound 
level. This is not desirable, but there 
is no easy way to avoid it unless the 
set has a.g.c., in which case the con- 
trast control can perhaps be placed in 

a video stage beyond the point of 

sound take-off. 
An advantage of the intercarrier 

system is that it is far less subject to 
difficulty because of oscillator drift 
than the standard system is. In the 
conventional system, any considerable 
drift in the oscillator frequency may 
shift the sound i.f. outside the pass 
band of the sound i.f. section, distort- 
ing the sound or wiping it out alto- 
gether. If this occurs, it will be neces- 
sary to retune the oscillator, which is 

done either by adjusting the fine 

tuning control or by realigning the re- 
ceiver. 1 

In the intercarrier system, the 4.5 - 

mc. sound i.f. is not produced by the 
local oscillator. The only thing that 
an oscillator shift can do is change 
the relative levels of the sound and 
video i.f. carriers to such an extent 
that the sound signal may have an un- 
desired amount of video signal in it; 
or, if the shift is very large, the sound 
beat signal may become somewhat 
weakened. In general, however, the 
oscillator can drift far more in an in- 
tercarrier system than it can in the 
conventional system before the sound 
signal is upset to any great extent. 

Now that you have a general under- 
standing of the two systems, let's look 
at the circuits in a little more detail. 
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TYPICAL CONVENTIONAL 
SOUND I.F. SYSTEM 

In the conventional system, as we 
have said, the sound i.f. is extracted 
from the video signal path either im- 
mediately following the converter 
stage or after the first or the second 
video i.f. stage: It is taken off by in- 
serting a trap circuit tuned to the 
sound i.f. in the video signal path and 
using the signal developed across this 
trap at the source for the first sound 
i.f. stage. 

Sound Take-off. Fig. 24 shows 
several different sound take -offs. In 
the arrangement shown in Fig. 24A, 
the sound trap L2 -C2 is tuned to the 
sound i.f. carrier frequency. This trap 
is coupled to the coil L1, which is the 
plate load for the mixer stage and 
resonates with distributed circuit ca - 

FIG. 24. Various 

pacities. The resonant circuit L2 -C2 
absorbs a consideraLle portion of the 
sound carrier energy that is in the 
plate circuit of the mixer and there- 
fore reduces the amount of the sound 
signal that is applied to the video i.f. 
stages. 

To have the greatest effect, this trap 
circuit should have a high Q, so it 
must be loaded as little as possible by 
the grid circuit of the first sound i.f. 
amplifier, to which it is connected. 
This loading is minimized by taking 
the input for the sound i.f. stage from 
a tap on the coil. 

The arrangement shown in Fig. 24B 
is somewhat similar. Here, the trap 
L5-05 is coupled to the primary circuit 
L3 -C3 and once again absorbs the 
sound signal. The video signal is 
passed on through L, -C4. 

In the arrangement shown in Fig. 

sound take-off systems used in conventional TV sets. 
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TO VIDEO I.F AMP 

FIG. 25. Typical 3 -stage sound i.f. system used in conventional sets. 

24C, the sound trap L1 -C1 is coupled 
to coil L2, which is in the cathode cir- 
cuit of VT2. The resonant circuit ex- 
tracts the sound i.f. signal. Further, 
the reflected effect of this circuit 
makes L2 a fairly high resistance for 
4.5 -mc. signals. There is therefore an 
appreciable drop across L2 at the beat - 
signal frequency. Since L2 is in the 
cathode circuit of VT2, this drop pro- 
duces degeneration; as a result, only a 
minimum of the 4.5 -me. audio signal 
is passed on to the following video 
stages. 

The arrangement shown in Fig. 24D 
is somewhat similar to that in B, ex- 
cept that the trap L1-01 is capacitively 
coupled through 02 to the plate tank 
coil instead of being inductively cou- 
pled to it. 

Notice that two desirable effects are 
produced in each of these circuits when 
the sound take-off trap is properly 
resonated: 1, a maximum sound signal 
is fed to the sound i.f. stages; and 2, a 

minimum sound signal is passed on to 
the succeeding video i.f. stages. 

If the sound take-off point is at the 
output of the mixer or after the first 
video i.f. stage, three or four sound 
i.f. stages are always used. If the 
take-off point is beyond the second 
video i.f. stage, however, one less 
sound i.f. stage may be used. 

Sound I.F. A typical conventional 
3 -stage sound i.f. system is shown in 
Fig. 25. Here, tubes VT2 and VT2 are 
the sound i.f. amplifiers, feeding 
through band-pass tuned circuits that 
are 200 kc. to 300 kc. wide. (If the 
signal for this sound i.f. section is 
taken from the second video i.f. stage, 
one of these amplifiers will probably 
not be used.) Tube VT, is a limiter 
stage of the sort used in most f.m. 
receivers that use a discriminator as 
the video detector. Tube VT2 is the 
discriminator. Both the limiter and 
the discriminator will be described 
briefly later in this text. 
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FIG. 26. Schematic diagram of a typical 
f.m. limiter -discriminator section. 

A ratio detector is used in some re- 
ceivers instead of the limiter -discrim- 
inator combination. We shall describe 
this detector in a moment. 

Limiter. Let's review the action of 
a limiter and a discriminator very 
briefly, using the typical circuit shown 
in Fig. 26. (This will be a quick re- 
view of a rather complicated subject: 
if you do not understand it all, read 
the earlier sections of your Course in 
which this circuit is described in de- 
tail.) Here, the VT1 stage is much 
like any other i.f. amplifier stage ex- 
cept that the bleeder resistor R2 and 
the series resistor R2 make the screen 
grid and plate voltage on this stage 
very low-only about 48 volts. These 
low operating voltages make the upper 
knee of the characteristic response of 
this stage very low and sharp. 

The grid circuit contains the grid 
leak and condenser combination R4 - 
C9. Condenser Cs tends to keep 
charged to the average voltage of the 
peaks of the input signal, thus main- 
taining a steady bias on the tube that 
will keep its output constant even if 
the input signal undergoes sudden 
momentary changes in amplitude. 
This condenser therefore minimizes 
the effect of noise when the signal is 
weak. 

When the signal is strong, the low 
voltages applied to the screen and 
plate effectively wipe out amplitude 
changes in the input signal. Because 

these voltages are so low, the output 
of the stage will not go above a certain 
limit no matter how strong the input 
signal becomes. Thus, if the strength 
of the f.m. signal is great enough to 
drive the stage to its full output, any 
increases in signal strength caused by 
noise accompanying the f.m. signal 
will not affect the output. In other 
words, the noise will be wiped out by 
the limiter stage. (In an intercarrier 
system, this limiting action will also 
tend to wipe out any portions of the 
video signal that may accompany the 
sound carrier.) 

Discriminator. The transformer 
T, transfers the signal from the limiter 
VT, to the discriminator circuit, in 
which tube VT2 is used. The primary 
circuit L2 -C2 is tuned to the incoming 
signal. This signal is transferred to 
the tuned secondary circuit L3 -C3 and 
is also fed through C1 so that it ap- 
pears across L1. 

The voltage induced in L2 produces 
the voltages E, and E2 across the two 
sections of this coil. These voltages 
are always equal in magnitude and 
180° out of phase with each other. 

The voltage applied to diode 1 of 
VT2 consists of E1 plus the signal E9 

that exists across L1. (The path from 
L1 to the cathode of this diode is 
through the by-pass condenser C27 

which is virtually a short at the fre- 
quencies involved.) Similarly, the 
voltage applied to diode 2 of VT2 con- 
sists of E2 plus E9, the path being 
completed through by-pass condenser 
Ce. At resonance and with no modula- 
tion, therefore, equal voltages are ap- 
plied to the diodes; as a result, equal 
and opposite currents flow through the 
resistors R1 and R2. The voltage be- 
tween the two cathodes of VT2 is zero 
under such conditions. 

Off resonance (that is, at fre- 
quencies other than the resting or no - 
modulation frequency), however, the 

24 



voltages applied to the two diodes are 
not equal. When the applied signal 
swings below the setting frequency, 
the voltage applied to diode 1 of VT2 
becomes greater than that applied to 
diode 2; consequently, a greater cur- 
rent flows through R1 than flows 
through R2. As a result, the voltage 
drops across the two resistors become 
unequal, and a net voltage appears 
across them that has the same polarity 
as the drop across R1. Conversely, 
when the applied signal swings above 
the resting frequency, a net voltage 
appears across R1 and R2 that has the 
polarity of the drop across R2. 

Thus, swings of the applied signal 
above and below the resting frequency 
produce an a.c. voltage across R1 -R2. 
This voltage feeds through C4 to ap- 
pear as the output voltage across R3. 
At each instant, the value of this out- 
put voltage is proportional to the de- 
viation of the incoming signal fre- 
quency from the resting frequency. 
Thus, it is an audio signal voltage that 
corresponds to the one used to mod- 
ulate the f.m. transmitter. 

THE RATIO DETECTOR 
Some manufacturers prefer to elimi- 

nate the limiter circuit and instead 
use detector circuits that are them- 
selves insensitive to amplitude varia- 
tions. The only circuit of this kind 
that is found commonly in television 
sound systems is the ratio detector. 
Fig. 27 shows a typical example. 

At first glance, this circuit is very 
similar to that of the discriminator, 
you have just studied. However, there 
are two important differences-one of 
the diode tubes is reversed, and a 
charge storage condenser C4 has been 
added to the circuit. 

At the resting frequency, the voltage 
Ep adds to E1 and to E2 to make both 
diodes conduct equally, just as in the 
discriminator. Because of the way 

VT2 
A.F. 

FIG. 27. A typical f.m. ratio detector. 

they are connected, both diodes con- 
duct at the same time, charging the 
equal condensers C2 and C3 to the 
polarities shown. At the same time, 
condenser C4 is charged to a voltage 
that is equal to the sum of the voltages 
across C2 and C3. 

The size of condenser C. is such 
that the voltage across it cannot 
change very fast. As a result, the 
voltage at the midpoint N of the volt- 
age divider R1 -R, will remain rela- 
tively constant at a voltage equal to 
half that across C4. 

To take an example, let's assume 
that the voltage across C. is 10 volts, 
and that only the resting frequency is 
being applied. In this case, the volt- 
ages across C2 and C3 will each be 5 
volts, so point M will be 5 volts nega- 
tive with respect to point 1, which we 
will take as a reference point. Since 
point N will also be 5 volts negative 
with respect to point 1, there will be 
no net voltage difference between 
points M and N, as shown in Fig. 28A. 

Now let's suppose that the incoming 
signal varies in frequency. When it 
shifts in one direction, one diode will 
conduct more than the other, so that 
the instantaneous voltages across con- 
densers C2 and C3 will no longer be 
equal. However, their sum will remain 
that of the charge across C4-namely, 
10 volts-because the voltage across 
C4 cannot change readily. Let's as- 
sume that diode VT1 momentarily 
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conducts more current so that the volt- 
age across 02 goes up to 8 volts, and 
the voltage across C1 drops to 2. 
There will now be a voltage difference 
of 3 volts between points M and N, as 
shown in Fig. 28B, beçause the voltage 
between point 1 and point M has 
changed, while that between point 1 

and point N has not. 
When the incoming frequency 

swings in the other direction, the op- 
posite action will occur-the voltage 
across C3 will become greater and that 
across C2 will become less. As a result, 
the voltage relationship shown in Fig. 
28C will be produced. 

The voltage difference between 
points M and N will therefore be an 
a.c. signal whose amplitude depends on 
the amount the incoming signal de- 
viates from the resting frequency and 
whose frequency depends on the rate 
at which the deviation occurs. In 
other words, it will be a reconstruc- 
tion of the audio signal that was 
originally used to modulate the f.m. 
carrier. 

This circuit will not respond to am- 
plitude variations in the input signal, 
because such changes will merely 
make both diodes conduct either more 
or less without making them conduct 
unevenly. As we have seen, the diodes 

FIG. 28. This series of diagrams shows 
how a ratio detector works. 

must conduct different amounts of cur- 
rent to make any voltage difference 
appear between points M and N, and 
this difference in .their conduction can 
be produced only by a change in the 
frequency of the applied signal. 
Therefore, any amplitude variations 
caused by noise or a video signal ac- 
companying the f.m. signal will not 
appear in the output of the circuit. 

INTERCARRIER SOUND 
I.F. SYSTEM 

When the intercarrier system is used 
for the sound, the 4.5 -mc. beat can be 
taken right from the output of the 
video detector, but since it is neces- 
sary to increase the strength of the 
signal, the usual practice is to take 
this signal from the output of the 
video amplifier. Trap circuits are 
commonly used as sound take -offs. 

Various forms of trap take -offs are 
shown in Fig. 29. In the simplest (Fig. 
29A), a parallel resonant circuit L2 - 
C2 tuned to the 4.5 -mc. carrier is 
placed in the grid circuit of the sound 
channel amplifier VT2 and is fed 
through coupling condenser C1 from 
the plate of the video amplifier VT1. 

A disadvantage of this arrangement 
is that it does not reduce the amount 
of the 4.5 -mc. carrier in the video sig- 
nal. The circuit shown in Fig. 29B is 
more satisfactory in this respect. 
Here, the coupling condenser C1 reso- 
nates with coil L2 to form a series 
resonant circuit at 4.5 mc. At reso- 
nance, this circuit offers a minimum 
load for the video amplifier VT17 so the 
output of VT1 at the 4.5 -mc. carrier 
frequency is minimized. On the other 
hand, since this is a series resonant 
circuit, whatever 4.5 -mc. signal does 
appear across it will produce a maxi- 
mum voltage across L2 for application 
to the sound amplifier. 

The arrangement shown in Fig. 29C 
also minimizes the amount of the beat 
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FIG. 29. Various kinds of sound take-off circuits used in intercarrier sets. 

signal in the picture signal. Here, a 
parallel resonant circuit tuned to 4.5 
mc. is connected in series with the 
load circuit of VT'. Most of the 4.5 - 
mc. beat signal in the output of VT1 
is developed across this circuit, so very 
little is passed on through Cs with the 
video signal. The sound carrier is fed 
to the sound amplifier from the reso- 
nant circuit L2 -C27 which is tuned to 
4.5 mc. and inductively coupled to 
Ll-Cl. 

In the arrangement shown in Fig. 
29D, the take-off circuit is in the 
screen -grid circuit of one of the video 
amplifier stages. It is possible to take 
the sound from here because any .sig- 
nal in the plate circuit also exists in 
the screen circuit. (Ordinarily, of 
course, we get rid of the signals in the 
latter circuit by by-passing the screen 
grid.) With this arrangement, there is 
a minimum of interaction between the 
sound and video circuits. 

When the take-off systems shown in 
Figs. 29A and 29D are used, grain 
traps that are tuned to 4.5 mc. are 
needed in the stages following the 
sound take-off points to reduce the ef- 
fects on the picture of this 4.5 -mc. beat 
signal. 

As we mentioned earlier, the 4.5 -mc. 
sound amplifier in the intercarrier sys- 
tem usually consists of only a single 
stage (tuned to 4.5 mc. but otherwise 
like a conventional sound i.f. stage). 
It is usually followed by a ratio de- 
tector; if not, the single stage is ad- 
justed to act as a limiter, and a dis- 
criminator is used. 

In all TV sets, the sound detector is 
followed by a standard audio system. 
This is usually a high -gain audio volt- 
age amplifier followed by a single - 
ended or push-pull pentode power am- 
plifier that feeds the loudspeaker. 
These stages are identical with those 
found in the better sound receivers. 
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Automatic Gain Control 
All TV receivers require a gain con- 

trol, just as a sound receiver needs a 
volume control, because the signals 
from different stations are likely to be 
of different strengths at the receiving 
location. Within the range of normal 
signal levels, adjusting the gain of a 
TV set affects the contrast (range of 
grays from white to black), so the TV 
gain control is known as the "con- 
trast" or "picture" control. 

Since most of the video gain is ob- 
tained in the video i.f. amplifier, these 
stages are the logical ones in which to 
control the gain. The simplest con- 
trast control is an adjustable bias on 
two or three of the video i.f. stages. 
This can be either a self -bias or a 

FIG. 30. Two ways of adjusting the bias 
on video i.f. stages to control the video 

gain. 

bleeder bias arrangement, as shown in 
Figs. 30A and 30B. It may not be pos- 
sible to use this system to control very 
strong signals, however, because if the 
bias on the i.f. stages is increased too 
much, the stages may be operated so 
near cut-off that distortion will be in- 
troduced. Therefore, it is desirable to 
control the gain of the r.f. stage also 
on very strong signals. The gain of 
the r.f. stage should not be reduced 
on normal signals, however, because 
the r.f. gain is needed to overcome con- 
verter noise. 

In general, it is desirable to have an 
arrangement that permits the bias to 
increase first on the i.f. stages, then, 
as the overload level is approached, to 
increase on the r.f. stage. Manufac- 
turers differ in the ways they arrange 
controls to achieve this-some use 
dual controls, others use voltage di- 
viding and bleeding arrangements. 
Fig. 31 shows one example. 

The i.f. bias network is shown in 
Fig. 31A. Basically, this consists of a 
bleeder R1, R2, and R3 arranged across 
a C -bias section of the bleeder resistor 
in the power supply. The bias applied 
to the i.f. grids is adjusted by the 
setting of R2-as the slider is moved 
to the right in this ligure, the bias be- 
comes more negative. 

The voltage divider R, -R5 is ar- 
ranged so that the i.f. grid bias can 
never be as much as the total voltage 
across R2, for reasons that we shall 
explain shortly. 

The complete biasing arrangement 
that also supplies bias to the r.f. grid 
circuit is shown in Fig 31B. When the 
slider on R2 is at the left, so that there 
is little bias applied to the grids of the 
i.f. tubes, the diode VT1 conducts 
heavily because a positive voltage is 
applied to it from the B+ source 
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FIG. 31. These drawings show the work. 

ings of a contrast control that affects the 

bias on both the r.f. and video i.f. stages. 

through R7. Since R7 is a high resist- 
ance compared to the diode resistance, 
there is very little voltage drop across 
the diode, so the grid of the r.f. tube 
(which is connected to the plate of 
VTl) is effectively at ground potential 
and has practically no bias. 

As the setting of R2 is changed, 
however, the negative voltage across 
R2 is applied to the diode. Eventually, 
this voltage will cancel that applied 
from the B supply; the diode will then 
cease to conduct. When this happens, 
the grid of the r.f. tube will be tied 
through R6 directly to the slider in R2, 
and the full voltage at that setting of 
R2 will be applied to this grid. As the 
slider is moved more to the right, as it 
must be if the strength of the incoming 
signal is high, the bias on the grid of 
the r.f. tube will become greater than 
the bias applied to the i.f. tubes; in 

fact, it will approach the cut-off bias 
for the r.f. tube rather rapidly. 

The manner in which the two bias 
voltages vary is shown in the curves 
in Fig. 31C. As you can see, the i.f. 
bias increases gradually and steadily 
with the rotation of the contrast con- 
trol. The r.f. bias is zero for a time, 
then increases rapidly with further 
rotation of the control. Thus, it is 
possible to arrange the circuit so that 
overloading can be prevented, yet at 
the same time to keep the r.f. gain at 
maximum until it is necessary that it 
be reduced. 

Although this contrast control ar- 
rangement permits the gain to be ad- 
justed manually, there are a number 
of good reasons why an automatic, 
self-adjusting control would be better. 
For one thing, it is annoying to have 
to readjust the contrast control every 
time a new station is tuned in. More 
important, many receiver owners find 
it difficult to set the control properly. 
This means that the receiver must be 
designed so that the video and sync 
circuits following the i.f. stages will 
be capable of operating from signals 
that may not be of the optimum 
strength, which calls for design com- 
promises. Also, although we do not 
have the fading with TV signals that 
is common in distant a.m. reception, 
we can have a variation in signal due 
to swinging antenna and transmission 
lines. Finally, the TV signal may at 
times undergo violent fluctuation be- 
cause airplanes or moving automobiles 
happen to pass through the signal 
transmission path. 

For all these reasons, it is desirable 
to put into the TV set an automatic 
gain control (a.g.c.) system, compara- 
ble to the a.v.c. system of an ordinary 
radio, that will arrange the gain of the 
set so that the signal fed to the video 
detector will be relatively constant un- 
der all normal conditions. When such 
a system is used, resetting the contrast 
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control is an infrequent and simple 
operation. 

Let's see how practical a.g.c. sys- 
tems work in TV receivers. 

BASIC A.G.C. 

An a.g.c. system must operate from 
some component of the signal that is 
proportional to the strength of the car- 
rier, since it is the carrier strength at 
any moment that determines what the 
gain of the set should be at that mo- 
ment. The only part of a TV signal 
that meets this specification is the 
height of the sync pulses. These ex- 
tend upward from the no -signal or 
black level pedestal by a fixed per- 
centage of the carrier strength. (This 
percentage may be different for differ- 
ent transmitters, but is always the 
same for one transmitter.) If the car- 
rier strength changes, the amplitudes 
of the peaks of these sync pulses from 
the black level and from the zero level 
will change proportionately. 

There are two ways in which we can 
get a signal voltage from the sync 
pulses that we can use for a.g.c. One 
way is to strip the sync pulses from 
the video signal and use the pulses 
themselves, depending on the fact that 
their amplitude is proportional to that 
of the carrier. The other way is to use 
the peak value of the sync pulses 
above the zero level, since the height 
of these peaks is also proportional to 
the carrier amplitude. 

Of course, the sync pulses exist dur- 
ing only a small fraction of the whole 
TV signal. If the pulses are to furnish 
a control voltage, therefore, we must 
find some way to make their effect last 
from at least one pulse to the next. 
This is most easily done by using the 
pulses to charge a condenser in an R -C 
network. 

A simple a.g.c. circuit that uses the 
peaks of the sync pulses is shown in 
Fig. 32A. This consists of a diode rec- 

" ... 

FIG. 32. A simple a.g.e. system. 

tifier with a time constant filter C1 -R2. 
When a TV signal like that shown by 
curve 1 in Fig. 32B is applied to R1, 
VT, conducts whenever the signal ex- 
ceeds the charge stored in C1. Since 
the diode then has low resistance, C, 
charges rapidly up to the peak voltage 
of the sync pulses during the time that 
VT, conducts. 

When the signal swings below the 
peak level, C, must then discharge 
through R2. This discharge is slow, 
since R2 has a high resistance-so slow 
that C, discharges very little during 
the period of one line. At the end of 
this line, another sync pulse recharges 
C, at once to the full peak voltage. 
Therefore, the voltage across C, fol- 
lows curve 2 in Fig. 32B, and, as you 
can see, remains nearly at the peak 
value at all times. 

We can use the voltage across C1 
as an a.g.c. voltage by applying it to 
the video i.f. stages as a bias. When 
we do so, the bias on these stages will 
be proportional to the strength of the 
carrier; it will increase on strong sig- 
nals and decrease on weak ones, 
thereby varying the gain so that the 
signal applied to the video detector 
will be very nearly constant. 

30 



Selecting the proper time constant 
for the R2 -C1 circuit in Fig. 32A is 
somewhat of a problem. There are 
reasons for making it short and others 
for making it long. If we make it 
short (that is, use a value of R2 that 
will permit C1 to discharge fairly 
rapidly), the circuit will be able to 
Follow more rapid fluctuations in the 
signal and will offer more freedom 
from noise interference than it will if 
we make the time constant long. On 
the other hand, a short time constant 
may make the set lose vertical sync. 
Let's see why these effects can occur. 

First, let's suppose a sharp noise 
pulse that is higher than the peak of 
the sync pulse is received. The gain 
of the set will automatically and sud- 
denly be reduced by the a..g.c. circuit. 
If the time constant is long, C1 will 
hold its high charge for several lines, 
during which time the gain of the set 
will be reduced. Therefore, the use of 
an a.g.c. circuit having a long time 
contant means that there will be 
"holes" (large blacked -out areas) in 
the picture when noise is present, 
whereas the picture on a set with a 
manual contrast control would show 
nothing more than nearly un -notice- 
able short black streaks under the same 
conditions. 

Suppose, on the other hand, that we 
make the time constant quite short. 
Condenser Cl will then discharge con- 
siderably in between the horizontal 
sync pulses, so the average a.g.c. volt- 
age (the voltage across C1) will be 
relatively low. When a vertical sync 
pulse (which is much broader than 
a horizontal pulse) is received, how- 
ever, Cl will be charged for a much 
longer time than it is during the hori- 
zontal pulses; consequently, the aver- 
age voltage across Cl will increase 
during the vertical pulse. This means 
that the gain of the set will be reduced 
during the vertical pulse, an effect that 
may make the set lose vertical sync. 

Since synchronization is extremely 
important, a simple a.g.c. system like 
this is usually made slow -acting (that 
is, given a long time constant) . Such 
a system will compensate for signal 
changes like those produced by 
switching stations, but cannot take 
care of rapid fluctuations, and of course 
is extremely poor when noise is present. 
Therefore, it is not used much; in- 
stead, more elaborate systems that are 
not bothered excessively by noise and 
do not interfere with the vertical sync 
are preferred. Before we discuss these 
circuits, let's see where the a.g.c. sys- 
tem normally gets its signal and what 
is done with the control voltage pro- 
duced. 

Obviously, the a.g.c. rectifier can be 
connected to the output of the video 
detector. However, it is undesirable 
to load the video detector circuit or 
to shunt it by the capacities of the tube 
used in the a.g.c. circuit, so a connec- 
tion farther along in the video ampli- 
fier is often preferred. An important 
point is that we must obtain the signal 
from a point where it has its normal 
d.c. level so that the pedestals will be 
lined up (since otherwise the peaks of 
the sync signals will not be propor- 
tional to the carrier strength). If we 
use an a.c. coupling, a d.c. restoration 
circuit must be incorporated in the 
a.g.c. circuit or used ahead of the a.g.c. 
rectifier. 

The d.c. voltage that is obtained as 
a result of the a.g.c. action is usually 
applied as a bias to the i.f. amplifier 
stages, appropriate R -C decoupling 
networks being used to prevent cou- 
pling between the stages. The signal 
may also be applied to the r.f. stage 
ahead of the converter, in which case 
some arrangement is generally used so 
that the bias applied to the r.f. stage 
will be unaffected on weak signals but 
will increase rapidly on strong signals. 

There is usually some control in the 

31 



a.g.c. network to set the threshold be- 
yond which it operates. This may be 
the contrast control for the set or may 
be a separate non -operating control 
mounted at the rear of the set. 

In the latter case, a contrast control 
is used in the video amplifier at some 
point beyond the take-off point for the 
a.g.c. voltage. This is generally a con- 
trol that can be used to vary the bias 
on one video stage by a limited 
amount. When this arrangement is 
used, the a.g.c. system is adjusted to 
deliver normal signal to this stage; the 
contrast control can then be used by 
the set owner to adjust the picture to 
the contrast he wants. It should not 
be necessary to use the control to pre- 
vent overloading or to compensate for 
changes in signal strength. 

NOISE LIMITER A.G.C. 

One way of getting the proper a.g.c. 
action and a certain amount of free- 
dom from noise at the same time is to 
use a limiter circuit in the a.g.c. When 
a system of this sort is properly ar- 
ranged, the a.g.c. circuit responds to 
normal signal levels, but any very 
sharp and sudden increase is clipped 
by the limiter so the a.g.c. voltage 
does not rise unduly. The limiter is 
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FIG. 33. 
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therefore much like the amplitude lim- 
iter that is used with an f.m. signal. 

A typical limiter a.g.c. system is 
shown in Fig. 33. This circuit has 
three special features. First, an initial 
bias set up by the contrast control 
gives an operating point about which 
the a.g.c. system performs. Second, it 
is arranged so that the a.g.c. bias volt- 
age will be divided between the r.f. 
stage and the i.f. stages on strong sig- 
nals. Finally, it is relatively insensi- 
tive to the changes produced when 
noise pulses are received. Let's study 
each of these actions. 

The initial bias (the bias when no 
signal is tuned in) is set by R6, the 
contrast control, which is part of the 
voltage divider R5, R6, and R, that is 
connected between ground and a nega- 
tive voltage source. The grid of VT2 is 
tied through R4, R3f and R2 to the 
negative terminal of this supply, so 
the cathode of V'r2 is made positive 
with respect to the grid by an amount 
determined by the setting of the con- 
trast control. At the same time, the 
cathode of VT2 is negative with respect 
to ground. Since the plate of this tube 
is tied to ground through R8 and R9f it 
is positive with respect to the cathode; 
as a result, there is a plate current 
flow through R8 and R9 that produces 

Typical noise -limiter a.g.c. system. 
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voltage drops across these resistors 
having the polarities shown. The rela- 
tively small voltage across R9 is ap- 
plied as a bias to the r.f. tube; the en- 
tire drop across R9 and the larger re- 
sistance Rs is applied through the filter 
C, -R10 to the i.f. stages as a bias. (Of 
course, the amount of the bias that is 
applied to the i.f. stages will be af- 
fected if VT3 conducts; but, as we 
shall see in a moment, this tube con- 
ducts only when the signal is strong.) 

The initial setting can be changed, 
if desired, by adjusting the contrast 
control. Doing so varies the bias on 
the grid of VT2, thereby changing its 
plate current and therefore either in- 
creasing or decreasing the drop across 
Rs and R97 as desired. 

Now, let us suppose a signal of nor- 
mal strength is tuned in. This signal 
appears across the video i.f. trans- 
former L1 and is applied through Cl 
to the a.g.c. diode VT1. The basic 
a.g.c. action occurs in this diode cir- 
cuit: VT1 conducts on the peaks of the 
sync signal; and C2 charges to the 
peak voltage each time VT1 conducts, 
losing only a small amount of its 
charge through R2 in between the sync 
pulses, so the voltage across C2 follows 
the peaks of the sync pulses. As you 
can see from the diagram, the plate 
of VT3 is usually slightly negative 
with respect to its cathode because it 
is connected to a point on the voltage 
divider R11 -R12 that is below ground. 
When the signal is very strong, how- 
ever, the voltage across R8 and R9 
will exceed the negative voltage ap- 
plied to the plate of VT3j so this tube 
will conduct. When this happens, the 
voltage that is across R8 and R9 will 
divide between R19 and the resistance 
of VT3 and R11 in series, and only the 
part across R11 and VT3 will be ap- 
plied to the i.f. stages as a bias. The 
current passed by VT3 will remain 
constant even if the applied signal be- 

comes stronger, so the voltage drop 
across VT3 and R11 (in other words, 
the i.f. bias) will remain constant. The 
r.f. bias will increase if the signal be- 
comes stronger, however, since this 
bias is the result of the flow of the 
plate current of VT2 through R9. 
Thus, the i.f. bias increases in propor- 
tion to the strength of the applied sig- 
nal until a certain critical signal 
strength is reached; if the signal then 
becomes stronger, the i.f. bias remains 
constant and the r.f. bias increases. As 
you learned earlier, this is the most 
desirable action for a contrast control. 

Now let's see how the noise elimi- 
nating section of this circuit works. 
This section makes use of the diodes 
D2 and D3j which form part of VT2. 

As long as the strength of the re- 
ceived signal is normal, the voltage 
developed by the a.g.c. diode VT1 
across C2 never equals the bias voltage 
developed across R, and that portion 
of Rs that is in the biasing circuit. 
As a result, the diode plates D2 and D3 
are always at least slightly negative 
with respect to the cathode, so they 
do not conduct. 

If a sharp, high noise pulse comes 
along, however, the voltage across C2 
may exceed this bias voltage momen- 
tarily. When this happens, the two 
diodes are driven positive, and both 
conduct heavily. In effect, each diode 
acts as a short circuit across C2 and 
thus drains off the additional charge 
that the noise pulse tries to place on 
this condenser. As a result, noise 
pulses are unable to produce more than 
a momentary change in the voltage 
applied to the grid of VT2. 

Furthermore, the integrating circuit 
consisting of R, and C3 also helps to 
limit noise effects. As you can see by 
examining the circuit, the voltage 
across C3 is the bias that is applied to 
the grid of VT2. The R -C circuit con- 
sisting of R, and C3 has a fairly long 
time constant: therefore, any sudden 
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FIG. 34. A relatively noise -free a.g.c. 
system that operates from the sync pulses 

themselves. 

and mombntary change in the voltage 
across C2 will be unable to affect the 
voltage across C3. Only an average 
change in signal level over a period of 
several lines will change the voltage 
across 03 enough to change the bias 
applied to the grid of VT2. 

KEYED A.G.C. 

Another way to get relative freedom 
from noise is to arrange for the a.g.c. 
network to operate only from the sync 
pulses and to wipe out all the rest of 
the signal. This can be done by using 
a clipping arrangement very similar 
to the sync separation networks with 
which you are familiar. A few re- 
ceivers use a.g.c. networks that operate 
from the output of the clipper circuit. 

A variation of this idea is shown in 
Fig. 34. In this circuit, there are two 
separate sources of a.g.c. voltage. 

On fairly weak signals, the voltage 
across the video detector load RL pro- 
vides the a.g.c. bias voltage. The 
filter Rl -C3 averages this voltage over 
a number of lines (or even fields) so 
that the a.g.c. voltage is proportional 
to the average signal strength. 

However, the voltage developed 
across the video detector load is not 
high enough to give adequate control 

on strong signals.. Therefore, the other 
end of the contrast control is tied to 
the grid circuit of the sync clipper. As 
you will recall, the signal applied to 
the clipper must be in its d.c. form 
(that is, with its pedestals lined up). 
The signal is converted to this form by 
grid rectification. The grid -current 
flow charges condenser 02, and the 
average voltage across this condenser 
sends a current through R6 and the 
contrast control to develop voltage 
drops across them having the polari- 
ties shown. Since the charge on 02 is 
exactly proportional to the peak levels 
of the sync pulses, the voltage drop 
across the contrast control is always 
proportional to the strength of the 
signal. The addition of this voltage 
drop to the one developed across the 
video detector load gives enough bias 
voltage to control the gain on strong 
signals. 

Simpler variations of this circuit 
may dispense with the connection to 
the video detector load and use only 
the bias produced by the clipper tube 
for a.g.c. 

Another method uses a keyed net- 
work arranged so that the a.g.c. sys- 
tem is tied to the horizontal sweep 
output and can operate only during 
the fly -back period of the horizontal 
sweep signal. Thus, the a.g.c. network 
is effectively turned on only for very 
short intervals of time during the hori- 
zontal sync pulse. This makes the cir- 
cuit ignore all noise pulses that occur 
in between the horizontal sync pulses. 

Since this a.g.c. system does not 
operate for any increased length of 
time during the vertical sync pulse, it 
can be made fast acting without af- 
fecting the ability of the set to remain 
in vertical sync. A fast -acting a.g.c. 
system is desirable, as you know, be- 
cause it can follow rapid changes in 
signal level and can also recover 
quickly from any noise pulses that 
may affect it. 
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Fig. 35 shows one form of keyed 
a.g.c. In this figure, tube VT, is the 
video amplifier output tube. The cir- 
cuits preceding this tube must be ar- 
ranged so that the signal in its plate 
circuit, as it exists across its load L2 - 
R2, is in its d.c. form and has a posi- 
tive picture phase. 

Ignoring the signal for a moment, 
let's see how this a.g.c. circuit gets a 
starting voltage and how it is keyed. 

As you can see, the cathode of VT2 
is connected through L3 to a positive 
voltage of 150 volts, but its plate is 
connected to a positive voltage of 300 
volts, so its plate is positive with re- 
spect to its cathode. No current flows 
through it initially, however, because 
its grid is heavily biased by the drop 
across R2 that is caused by the plate 
current of VT1. 

The a.g.c. amplifier tube VT. is 
able to conduct if its grid is properly 
biased because its cathode is connected 
to a potential of -100 volts and its 
plate is grounded. (We shall see in a 
moment what determines the bias ap- 
plied to its grid.) The drop across R, 
in the plate circuit of this tube is used 
as the a.g.c. bias voltage. 

The operation of this network starts 
as soon as the horizontal sweep cir- 
cuit operates. Transformer T,, which 
has the winding L3, is the output 

VIDEO SIGNAL 
+300 

+150 

transformer of the horizontal sweep 
circuit. During the fly -back period of 
the horizontal sweep (that is, when 
the horizontal sync pulse occurs), L, 
develops a voltage that drives the 
cathode of VT2 highly negative. This 
produces such a voltage difference be- 
tween the plate and cathode of VT2 
that it is able to conduct rather 
heavily in spite of the high bias ap- 
plied to its grid by the drop across R2. 
This plate current produces a voltage 
pulse across R, that is fed through C, 
to R.. The polarity of this pulse is 
such that it is able to make VT3, the 
a.g.c. rectifier, conduct momentarily. 
When it conducts, a voltage having 
the polarity shown is produced across 
R5. This voltage charges C2, which 
retains its charge well enough during 
the period between pulses to keep a 
bias on VT. that maintains its plate 
current at a low level, so that there 
is only a small drop across R,. In 
other words, the voltage obtained from 
the horizontal sweep circuit during the 
fly -back time sets the initial low a.g.c. 
threshold bias level. 

Now let's suppose a signal is tuned 
in. Since the signal has a positive 
picture phase in the plate circuit of 
VT,, the horizontal sync pulses across 
R2 must go negative. Thus, the bias 
applied to the grid of VT2 increases 
during a horizontal sync pulse. At 

A.G.C. 

FIG. 35. A keyed a.g.c. system that is fast -acting and affected very little by noise. 
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exactly the same time, however, the 
voltage developed across L3 drives the 
cathode of VT2 negative. There are, 
therefore, two conflicting influences on 
the plate current of VT2: the bias ap- 
plied to the grid tends to decrease the 
plate current, the voltage applied to 

' the cathode tends to increase it. 
Whether the plate current can 

change or not therefore depends on 
the difference between these two volt- 
ages. If the signal level is very low, 
the bias developed across R2 will be 
small; then the high negative voltage 
applied to the cathode of VT2 will pro- 
duce a large pulse across R3, a large 
drop across R5, and hence a small drop 
across R7 as the a.g.c. voltage. 

As the signal becomes stronger, 
however, the bias developed across R2 
will reduce the size of the pulse across 
R3, thus causing less drop across R5 
and so permitting more plate current 
to flow through VT4 to increase the 
drop across R7. Thus, the amount of 
a.g.c. voltage varies in accordance 
with the strength of the signal. 

Since tube VT2 conducts appreci- 
ably only during the horizontal sync 
pulses, any noise pulse that occurs in 
between these sync pulses is ignored. 
If a noise pulse happens to occur at 
the same time as the sync pulse, the 
following action takes place: 

The noise pulse develops an even 

higher bias voltage across R2 than do 
the sync pulses. As a result, the pulse 
produced across R3 is so small that it 
is less than the voltage across C2 j con- 
sequently, VT2 does not conduct, and 
no charge is produced in the bias ap- 
plied to VT4. Thus, this circuit tends 
to ignore noise under any circum- 
stances. 

Naturally, you are going to find 
many different kinds of a.g.c. networks 
in TV receivers. In general, however, 
each will adjust the gain of the set so 
that the signal applied to the video 
detector will be reasonably constant. 
Each will probably have either a lim- 
iter or a keying arrangement to make 
the circuit insensitive to noise. 

There may or may not be an ar- 
rangement that will permit the a.g.c. 
bias to be distributed between the r.f. 
and i.f. stages. If there is, it will op- 
erate so that the bias applied to the 
r.f. stage will not increase on weak 
signals but will increase rapidly on 
strong signals to prevent overloading. 

On any set in which a.g.c. is used, 
the contrast control does not need 
constant adjustment, but only occa- 
sional re -setting for unusual picture 
conditions. When the set is switched 
from station to station, or when noise 
or rapid fading occurs, a good a.g.c. 
system should maintain the output 
almost constant. 
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Lesson Questions 
Be sure to number your Answer Sheet 57RH-3. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 
Finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. Why is it necessary to shield an r.f. high -voltage supply? 

2. Why cannot a high -voltage supply that is locked with the sweep produce 
visible interference in the set in which it is used? 

3. Why are voltage -multiplying circuits used in preference to conventional 
supplies to produce voltages over 10,000 volts in home receivers? 

4. Why are ballast tubes or Globar resistors used instead of fixed resistors in 
the filament strings of a.c.-d.c. TV sets? 

5. In what section is the sound take-off point in (1) a standard TV set and 
(2) an intercarrier TV set? 

6. What two effects will be produced on the picture of a standard TV set if 
all the sound signal is not trapped out before it reaches the video detector? 

7. What two desirable effects result when the sound take-off circuit is prop- 
erly resonated in a standard set? 

S. Why is the 4.5 -mc. beat signal usually taken from the output of the video 
amplifier instead of from the output of the video detector in an intercarrier 
set? 

9. Why is it desirable to have the contrast control affect the gain of the r.f. 
stage as well as that of the video i.f. stages? 

10. What undesirable effect is produced if the time constant of an a.g.c. system 
is (1) too short; or (2) too long? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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When you make a good resolution, put it into effect 
at once. To postpone it is deadly. Anything that can 
be done next month or next year can be done NOW- 
or at least a start can be made toward it. 

Millions of people dream about doing fine, worth- 
while things. But only a few hundred people ever 
get around to actually doing these things. 

The few hundred may not be as smart as the others 
-may not he as talented, as capable, or as well edu- 
cated. But they ACT and achieve concrete results- 
while the plans and good resolutions of the millions 
fade out into airy nothings. 

Remember this when you make plans-when you 
make good resolutions. Put your plans and resolu- 
tions into effect at once. Get started! 
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STUDY SCHEDULE NO. 58 

For each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly 
in your mind. Study each other step in this same way. 

D 1. Introduction Pages 1-2 
This introductory section lists the various subjects that are covered in this 
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Remote control and duplicator units are described in this section. 
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tion systems are described in this section. 

E S. Eye -Strain and Glare Filters Pages 22-27 
This section contains a discussion of the use of filters and of the principles 
of proper illumination of a room in which a television set is watched. 

6. Color Television Pages 28-36 
The basic principles of the most important color systems now being devel- 
oped are discussed in this section. 
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Grading. 

D 8. Start Studying the Next Lesson. 
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SPECIAL TV SYSTEMS 

LESSONS up to now have covered 
all the sections of typical home 

television receivers that use direct - 
view picture tubes. Now we are ready 
to study ways in which the basic tele- 
vision circuits are sometimes modified 
to fit special viewing conditions or to 
meet commercial requirements. We 
shall also learn something about extra 
equipment often used with TV sets. 

Since this Lesson covers a number 
of unrelated subjects, let's take a mo- 
ment to learn what they are. First, 
we shall discuss sets in which provi- 
sions are made for controlling from 
a remote point. This isn't a new 
idea; remote control for radio receiv- 
ers has been offered for years as a 
luxury item. There are people will- 
ing to pay extra for the ability to 
control a television set from a point 
other than right at the picture tube, 
so some manufacturers offer suitable 
equipment. 

Another type of remote control con- 
sists of television duplicators-sys- 
tems in which the program is picked 
up at one central point and is then 
fed to a number of reproducing units. 
Duplicators are of considerable im- 
portance in wired -in commercial sys- 

tems like those used in schools, hos- 
pitals, and hotels. These, too, are 
described in this Lesson. 

A larger picture is something that 
a great many set owners want. Be- 
cause of lack of funds, many people 
buy sets having one of the smaller 
picture tubes; after a while, however, 
they often become dissatisfied with the 
small picture and obtain magnifying 
lenses to enlarge the image. Some 
people, too, want bigger pictures than 
even large direct -view sets can give; 
to satisfy this demand, a considerable 
number of projection television sets 
have been put on the market. Both 
lenses and projection systems will be 
discussed later in this Lesson. 

A basic problem for the television 
viewer is the fact that light reflec- 
tions from the surface of the picture 
tube or the protective cover glass will 
tend to degrade the image and reduce 
the contrast range appreciably. To 
eliminate such reflections, people pur- 
chase filters for installation in front 
of the cover glass. We shall discuss 
filters later on. 

Finally, there are a number of lab- 
oratory efforts being made today to 
develop color television, and it is im - 
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portant for the practising technician 
to know just what these are and what 
they may foretell for future tele- 
vision possibilities. The basic prin- 
ciples of all modern systems are de- 
scribed in this Lesson. 

All of these items operate with or 
from the basic receivers that you have 

studied up to now. Most of them are 
features that are built into the set by 
the manufacturer: lenses and filters 
are the only things dealt with in this 
Lesson that you, as a serviceman, may 
add to an existing set. However, it is 
of course important for you to know 
how all these items work. 

Remote Control 
There are two general forms of re- 

mote control: 1, a "convenience" type 
that makes it possible to tune in sta- 
tions and adjust the contrast and the 
volume from a remote point; and 2, 
a "duplicator" system, in which more 
than one picture unit is controlled 
from a single point. Let's consider 
both these systems in order. 

REMOTE CONTROL 
Fig. 1 shows an example of remote 

control. The unit shown at the end 
of the sofa can be used to change 
stations or to adjust the contrast or 
the volume control settings. Such a 
system is at least a convenience; if 
the person operating the set is bed- 
ridden or otherwise disabled, it be- 
comes practically a necessity. 

There are numerous commercial or 
industrial applications that require 

FIG. 1. The remote tuner beside the 
sofa permits adjustment of the picture 
unit which is located across the room. 

somewhat similar remote control units. 
In a bar, for example, it may be de- 
sirable to mount the viewing unit 
high on a wall so that it can be 
viewed from the entire room. It is 
impractical to tune a set in this posi- 
tion. If the set is remotely controlled, 
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FIG. 2. Block diagram of stages in the 
control unit and the picture unit. 

however, the control unit can be 
mounted where the bartender can 
operate it. 

Many other similar practical appli- 
cations can be thought of, all involv- 
ing a control unit that can perform 
the normal functions of tuning and 
adjusting the set and that can be 
mounted conveniently at some point 
remote from the picture unit itself. 

It would be possible to use some 
form of motorized control, but practi- 
cally all the control units made now 
are actually the tuning portion of a 
television set. In other words, as 
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Courtesy Industrial Television, Inc. 
A picture unit or duplicator. 

shown in Fig. 2, the television set is 
split into two sections. The control 
unit contains the input tuner and parts 
of the video and sound channels. The 
video path in the control unit consists 
of the video i.f., the video detector, 
and a coupler stage that feeds the 
video signal through a coaxial cable 
to the separate picture unit. The 
sound path is similiarly divided: in 
the control unit we have the sound i.f., 
the discriminator, and a coupler unit 
that feeds a sound signal over its own 
cable to the audio amplifier and loud- 
speaker, which are in the picture unit. 

In the picture unit, the video signal 
goes through a video amplifier and a 
d.c. restorer to the picture tube. In 
addition, both the horizontal and ver- 
tical sync chains are contained in the 
picture unit. Suitable power supplies 
are in each unit, and of course the 
high -voltage supply is in the picture 
unit where it will be used with the 
picture tube. 

Basically, therefore, in units of this 
kind, the television receiver with 
which we are familiar is split into two 
units, each of which has its own power 
supply. A relay is arranged so that 
when the control unit is turned on 
or off, the picture unit will also be 
turned on or off. The tuning, con- 
trast, and sound volume controls 

(which are associated with the input 
tuner, the video i.f. amplifier, and the 
discriminator respectively) are part 
of the control unit. 

At the picture unit will be found 
the brilliancy control, picture posi- 
tioning controls, linearity controls, 
etc., which are usually associated with 
the sync and sweep chains. Since these 
controls require only occasional ad- 
justment, they may well all be at the 
back of the picture unit. The picture 
unit may use any size of picture tube, 
but in most applications the installa- 
tion will be at some distance from the 
viewers, so the larger sizes (15 inches 
or more) are most common. 

Except for being in two sections, the 
only thing unusual about these remote 
control units is the coupler stage that 
is necessary to feed the video signal 
into the coaxial cable that connects 
the two units. A coaxial cable is neces- 
sary to prevent interference pick-up. 
It must have very low impedance so 
that it can handle the wide range of 
frequencies. (The video frequencies 
range from around 10 cycles out to 
4 mc.) If the surge impedance of the 
cable is not low, shunting capacities 
will limit the frequency range. 

If we tried to feed from the video 
detector directly into such a low im- 
pedance, there would be a severe loss 
of signal, because the line would make 
a very poor load. Hence, the coupler 
stage acts as an impedance matcher 
between the relatively high impedance 

Courtesy Industrial Television, Inc. 
A control unit for a remote -control 

system. 
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of the detector load (several thousand 
ohms) and the 50 -to -90 -ohm coaxial 
cable. 

Video Coupler. Schematic dia- 
grams of the control -unit coupling 
stage and of the input to the picture 
unit are shown in Figs. 3A and 3B. 

The stage shown in Fig. 3A is a 
cathode follower. The arrangement is 
such that the signal from the video 
detector that appears across the de- 
tector load R, is coupled to the grid 
of tube VT, through the normal con- 
denser - resistor coupling. However, 
this tube does not have a plate load 
resistance in the usual sense; resistor 
R3 is a voltage adjuster, and con- 
denser C2 grounds the plate insofar 
as the signal is concerned. 

FIG. 3. The coupler stage at A feeds 
into the picture unit input as at B. 

The "load" for the tube is in the 
cathode circuit, and consists of the 
terminating resistance of the coaxial 
cable (about 75 ohms in this case) in 
parallel with R4 (about 500 ohms), 
making a total load of slightly under 
75 ohms. Such an extremely low load 
does not require high -frequency com- 
pensation; in addition, the frequency 
response is improved by the degenera- 
tion that occurs because the load is in 
the cathode circuit. 

Since the entire load signal is in 
the cathode circuit and is applied to 
the grid circuit, there is 100% degen- 
eration. As a result, the tube acts as 
though its p. were less than 1, so there 
is a loss in signal level-the output is 
less than the input in such a cathode - 
coupled stage. However, the plate 
resistance of the tube used in the 
coupler stage equals Y, - (µ + 1), 
so it is far less than it would be in a 
more usual circuit. Also, notice that 
in Fig. 3A the tube is connected as a 
triode (screen grid and plate tied to- 
gether) to give an even lower plate 
resistance; both these conditions pro- 
duce an effective match between the 
tube resistance and the load. Hence, 
this cathode -coupled circuit makes a 
very good coupling network for this 
application; the signal loss is far less 
than would be caused by the mis- 
matched coupling that would exist 
without it, and the frequency response 
is far superior to that of other cou- 
plings. 

The coupling used at the picture 
unit is shown in Fig. 3B. The switch 
SW is provided so that a loading re- 
sistor R, can be connected as the ter- 
minating resistance for the coaxial 
cable. To prevent reflections, the co- 
axial cable must be matched at this 
end by an impedance exactly equal 
to the surge impedance of the cable. 

If a 75 -ohm coaxial cable is used, 
for example, resistor R, must have a 
resistance of 75 ohms. If there is 
only one picture unit involved, the 
switch will be closed so that this load 
resistor is connected directly across 
the cable. 

In parallel with this may be a sup- 
plementary contrast control, such as 
resistor R6. Alternatively, some means 
of varying the cathode bias of VT2 or 
of a following video stage may be used 
to furnish a supplementary contrast 
control. It is desirable to have this 
supplementary control to set the limits 
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Courtesy Olympic Radio and Television Co. 

A typical duplicator. 

over which the one at the control unit 
will operate; in fact, it is almost nec- 
essary to have one if more than one 
picture unit is used, as we shall see in 
a moment. 

The coupling from R6 in Fig. 3B is 
through a standard R -C coupling net- 
work to the grid of VT2, which is the 
first of the video amplifiers. 

The sound coupler is much the same 
as the one kve have just described- 
it is a cathode follower arranged to 
feed the sound cable. However, the 
far more restricted frequency range 
permits the use of a less expensive and 
easier matched higher -impedance line 
400 ohms) instead of a coaxial cable. 

TELEVISION DUPLICATORS 
Hotels, schools, and hospitals may 

want units in different rooms, or there 

COAXIAL LINE 

A 

FIG. 4. How 

4 COAXIAL LINE 

may be cases where more than one 
picture unit is wanted even in a home. 
In such cases, the basic remote con- 
trol arrangement we have just de- 
scribed can be used for operating more 
than one picture unit. As shown in 
Fig. 4, all that is necessary is to run 
a coaxial line from picture unit to 
picture unit. The switch SW is pro- 
vided in the circuit shown in Fig. 3B 
to make such multiple connections 
possible. Since the line must be loaded 
only at the end, the load resistor RL 
in Fig. 4 is added at the unit C at the 
end of the coaxial line, but it is dis- 
connected for the units A and B. This 
arrangement lets the line be termi- 
nated in its own impedance; then the 
relatively high -impedance inputs of 
the picture units can be attached at 
other points along the line without 
upsetting the impedance matching of 
the line. If the resistor in each of these 
units were allowed to be across the 
line, on the other hand, the linwwould 
no longer be matched, because the 
combined resistance of the resistors in 
parallel would be far lower than is 
needed. Therefore, when several du- 
plicators are connected to a single line, 
the last one must give the proper im- 
pedance match. 

When more than one unit is con- 
nected to a line this way, it is very 
important that each unit have its own 
contrast control so that, for an initial 
setting of the contrast control on the 
control unit, the others can be prop- 
erly adjusted to give the desired re- 
sponse. Usually only the control -unit 
contrast control would be used from 
then on, although the picture -unit 

r..c 

to connect a number of picture units to a coaxial line. 
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contrast controls can be used if doing 
so proves desirable. 

Connecting to Receivers. It is also 
possible to add duplicators to stand- 
ard receivers, where more than one 
picture is desired. Fig. 5 shows a sche- 
matic diagram of a typical unit of 
this kind. This unit is designed to be 
attached to a standard TV set, which 
of course is a complete unit by itself. 

The only modification necessary in 
the TV set to attach such a duplicator 
is to arrange for the picture to be 
picked up from the video output tube 
of the set. Cathode coupling is again 
necessary for impedance matching. In 
most receivers, the cathode of the 
video output tube is returned to the 
chassis either directly or through a 
bias resistor. To install a duplicator, 
the connection between the cathode 
of the output tube and the chassis 
must be opened, and the coaxial cable 
must then be connected to this point. 
The circuit is completed at the du- 
plicator by a special plug-in arrange- 
ment that contains a matching resis- 
tor for the coaxial cable. 

If more than one duplicator is to 
be used, the matching plug is removed 
and additional lengths of the coaxial 
cable are added from one unit to the 
next. The last one on the chain must 
have the resistor plug still in it, how- 
ever, to match the coaxial cable and 
to complete the return circuit from 
cathode to ground for the output tube 
of the set. This particular arrange- 
ment does not upset the output tube 
characteristics to any great extent as 
long as sufficient resistance is in the 
circuit to give normal biasing. If not, 
it may be necessary to change the bias 
resistor; complete details on such 

changes are furnished by the dupli- 
cator manufacturers. 

In the circuit shown in Fig. 5, the 
6AC7 tube in the duplicator drives 
the picture tube. Remember that the 
signal is being picked from the cathode 
of the output tube of the set; there- 
fore, an additional stage is necessary 
to get a video signal having the proper 
phase, and of course we need the gain 
to make up for the loss entailed in 
coupling to the cathode of the output 
tube of the set. 

A d.c. restorer is used in this par- 
ticular circuit. The restored signal is 
also applied to the sync amplifier and 
limiter stage. The sync signal then 
goes through a clipper and amplifier 
before being separated to drive stand- 
ard vertical and horizontal sweep 
chains. 

The audio signal is obtained from 
the primary of the output transformer 
on the receiver and is fed over a sep- 
arate cable to drive the 6K6 power 
tube on the duplicator. 

Whatever system of duplication is 
used, the sizes of the pictures at the 
main receiving point and at the du- 
plicating points depend entirely upon 
the requirements. There is no reason 
at all why the main receiver cannot 
be a large -screen type and the dupli- 
tors even as small as 7 or 10 inches. 
The opposite is also feasible-it is 
possible to operate a duplicator with 
a large screen from a 7 -inch tube set. 
You will notice that the duplicator 
contains its own sweep circuits and 
power supply, so it is independent of 
the receiver for everything except two 
signals, the combination video -sync 
signal and the sound signal. Duplica- 
tors of different sizes may be con- 
nected to the same coaxial line, if 
desired. 
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Getting Larger Pictures 
Direct -view picture tubes are avail- 

able today in sizes ranging from 7 
inches to 20 inches in diameter. As 
you would expect, the larger the pic- 
ture tube, the greater the cost of a 
set: not only does the tube price in- 
crease, but also larger sizes require 
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7 

FIG. 6. This shows the relative areas on 
picture tube faces ranging from 7 to 20 

inches in useful face diameter. 

larger and more expensive cabinets, a 
higher voltage from the high -voltage 
supply, and usually a more powerful 
sweep output. (The use of two output 
tubes in parallel is common in the 
horizontal sweep for large tubes.) 

Fig. 6 gives a relative comparison 
between the picture sizes that can be 
had on the popular tube diameters of 
7, 10, 12, 15, 16, and 20 inches. It is 
obvious that the larger tubes give far 
more image area. However, since cost 
prevents many from getting these 
larger sizes, the manufacturers are at- 

tempting to make use of more of the 
picture tube screen area, and many 
people enlarge the images with lenses. 

The television picture that is trans- 
mitted has an aspect ratio (ratio of 
width to height) of 4 to 3; this means 
that if the picture is four units wide, 
it will be three units tall. If the entire 
picture is to be reproduced on the face 
area of a direct -view tube, it must 
be included within the useful tube face 
area as shown in Fig. 7A. To get the 
image out near the edges of the usable 
screen area, the corners of this kind 
of mask are somewhat rounded, so the 
area in the original scene shown black 
in Fig. 7A is lost. The gray area 
represents the part of the picture tube 
face that is not used. 

This type of mask was the only one 
used until recently. Then, a trend 
started in which somewhat larger pic- 
ture areas were obtained from the 
same tube face by sacrificing slightly 
more of the corners of the image, as 
shown in Fig. 7B. Here, the width 
has been increased so that the width 
of the picture exactly equals the 
usable diameter of the tube face, and 
the height has been increased corre- 
spondingly to maintain the aspect 
ratio. This gives a picture having the 
area shown white, and the only thing 
lost is the area in the corners of the 
original picture that is shown here in 
black. Sacrificing these areas, in 
which very little of the interesting 
portion of the television image is ever 

1) o O 0 O 
FIG. 7. Comparison of areas obtained with different picture masks. 
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present, makes it possible to increase 
the picture size somewhat for the same 
tube size. For example, with the mask 
shown in Fig. 7A, a 10 -inch picture 
tube may have a useful area of about 
52 square inches. An area of as much 
as 61 square inches can be obtained 
with the mask shown in Fig. 7B. 

It is possible to carry this idea still 
further and to make use of the full 
screen area of the tube, providing we 
are willing either to sacrifice a con- 
siderable portion of the picture or to 
accept a distorted picture. Thus, if 
we expand both the height and width 
as shown in Fig. 7D so that the pic- 
ture fills the entire screen area of the 
tube, we will have a square picture 

Courtesy Westinghouse Elec. Corp. 
FIG. 8. A zoom system enlarges the cen- 

ter of the picture as shown here. 

that no longer has the aspect ratio 
of 4:3. Not very much of the picture 
is lost-just that in the corner areas 
that are blackened here-but the pic- 
ture is distorted because the image 
produced is higher than is normal for 
its width. In other words, we are 
now getting a square picture from the 
rectangular picture that is actually 
transmitted. 

If we maintain the proper aspect 
ratio, but enlarge the picture so that 
the height is equal to the useful screen 
diameter as shown in Fig. 7C, then 
we will get just the center portion of 
the picture. It will be undistorted, 
but all of the area that is shown in 
black here will be lost. It so happens 

that the chief object of interest on 
the television screen is often a single 
individual standing near the center of 
the picture area, in which case loss 
of the sides of the picture is unimpor- 
tant. However, if the action spreads 
out, such as when a chorus line is 
dancing, for example, or if any other 
horizontal actions occurs, a great deal 
of the interesting part of the picture 
is lost. 

For these reasons, the mask styles 
shown in Figs. 7A and 7B are the 
most popular. The useful areas are 
determined by the cut-out opening 
in the cabinet of the set; the size and 
drive controls on the set are adjusted 
until the picture image just fills this 
mask area. 

ZOOM CONTROLS 

Since the picture arrangement of 
Fig. 7C produces an enlarged center 
portion of a picture, and since this is 
satisfactory for certain subjects for 
intermittent viewing, some receivers 
are equipped with systems for chang- 
ing instantly from one mask size to 
another. On such sets, the only physi- 
cal mask is a circular one-the same 
size as the useful area of the particu- 
lar tube screen. The receivers produce 
a smaller picture that does not fill 
this mask, like those shown in Fig. 7A 
or 7B, until the enlarging switch is 
thrown, at which time the picture size 
jumps to that of Fig. 7C. Fig. 8 shows 
a typical example. The "zoomed" or 
"opera -glass" enlarged picture pro- 
duces an appreciably larger image of 
the scenes on which it can be used, 
but of course does not give an en- 
largement of the entire picture area 
unless the system is arranged to switch 
to the distorted style of image shown 
in Fig. 7D. 

To switch the picture from one size 
to another, there are two sets of con- 
trols for the vertical and horizontal 
size controls, two sets for the linearity 
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or shaping controls, and two bright- 
ness controls. Usually, a 5 -pole, 
double -throw switch is used to change 
from one set of controls to the other. 
Fig. 9 shows two sections of such a 
switch. When it is thrown to the 
"normal" position, voltage is applied 
to the set of controls that is adjusted 
to give the normally masked image 
with the proper aspect ratio and with 
very little loss of the total picture 
area. When the switch is thrown to 
the other or "zoom" position, the other 
set of controls is switched in; the set- 
tings of these are such that the verti - 

FIG. 9. Schematic showing dual controls 
for zoom purposes. 

cal size, vertical linearity, horizontal 
drive, horizontal ,linearity, and the 
brightness are increased so much that 
the image makes full use of the entire 
screen area of the tube. 

MAGNIFIERS 
A way of getting a larger picture 

without making any change in the set 
is to use a magnifying lens in front 
of the tube. This blows up the whole 
picture to a larger size. Fig. 10 illus- 
trates a typical installation. 

As shown in Fig. 11, when an object 
is properly placed behind a double - 
convex magnifier lens, the light rays 
from the object are bent. To an ob- 
server, however, they appear to be 
coming in a straight line from a con- 
siderably larger image. In other 
words, the observer in Fig. 11 sees 
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Courtesy Celomat Corp. 
FIG. 10. A typical lens magnifier. 

an enlarged image of the object, 
rather than the object itself. The 
amount of magnification depends on 
the curvature of the lens and on the 
position of the object behind the lens. 

Since the face of the picture tube 
represents a fairly large, flat area, it 
is not practical to use a double -convex 
magnifying lens like that shown in 
Fig. 12A to magnify it: because of the 
curvature of the lens, its center will 
be closer to the tube face than its ends 
will be, and distortion will therefore 
be produced. Instead, we use a lens 
that has one plane or flat surface as 
shown in Fig. 12B. Of course, if we 
take a double convex lens and cut it 
in half to get this shape, the distance 
behind the lens that an object must 
be placed to be brought to focus is 
greatly increased, because there is 
only one curved surface instead of two 
to give the enlargement. Therefore, it 
is necessary to use a relatively thick 

f-IMAGE 
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MAGNIFING 
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FIG. 11. How a magnifying lene pro- 
duces a larger image. 
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FIG. 12. Magnifying lens shapes. 

plano -convex lens, as shown in Fig. 
12C, to make it possible to keep the 
lens close to the face of the picture 
tube. 

The lens used has to be larger than 
the picture tube face. Obviously, it 
would be very expensive to cut a glass 
lens of this size and grind and polish 
it to the proper shape. To reduce the 
cost, lenses are instead molded out of 
plastics, usually Lucite or Plexiglas. 

Some of the earlier plastic lenses 
were solid plastic. However, it was 
discovered that it was far cheaper, 
and just as satisfactory, to mold a 
plastic "bubble" that could be filled 
with an oily liquid. Two styles of 
lenses of this kind are shown in Figs. 
13A and 13B. In each case, the lens 
consists of a flat plate to which the 
molded curved portion is cemented. 
In the style shown in Fig. 13A, a small 
filler plug (1) is left open and the 
liquid is poured into the space be- 
tween the flat plate and the curved 
face. Then the plug (which is in a 
portion of the lens that is not used to 
view the picture) is inserted. Ordi- 

CORD OR STRAP 

narily it is not possible to fill the lens 
absolutely full of liquid, so a small 
air bubble may be observable when 
the lens is in the position shown in 
Fig. 13A. However, when the lens 
is placed upright in its normal posi- 
tion in front of the picture tube, this 
air bubble moves out of the way (to 
the top of the lens). 

In the lens style shown in Fig. 13B, 
the curved portion is filled with the 
liquid before it is cemented to the 
flat plate, or else a small filler open- 
ing is left at the joint (2). 

Fig. 14 shows three ways of sup- 
porting the lens in the proper viewing 
position. In the sketch shown in Fig. 
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FIG. 13. Liquid -filled lens. 

14A, the lens is held in front of the 
tube by a cord or strap that goes 
over the set cabinet and hooks at the 
rear. The lens is spaced out from the 
picture tube by small plastic bumpers 
behind the lens. 

In the style shown in Fig. 14B, the 
lens is screwed right to the front of 
the cabinet. A third mount, shown in 
Fig. 14C, consists of a frame or bracket 
that slides underneath the set cabinet. 
The weight of the set then holds down 
the rear of the bracket so that the 
lens is supported in the proper posi - 

SCREWS AND 
STAND-OFFS 

FIG. 14. Typical lens supports. 
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FIG. 15. A lens reduces the viewing 
angle. 

tion. Most systems of this kind are 
arranged so that the lens can be slid 
up and down on the bracket to bring 
it into the proper position for the 
particular cabinet in question. 

Associated with every lens is a dis- 
tance called the focal length, which 
is the distance from the lens at which 
it brings parallel light rays to a focus. 
If the distance between the picture 
tube and the lens is less than the focal 
length, the lens will present a magni- 
fied image of the tube face to the 
viewer; and the farther apart the lens 
and the tube are, the larger this image 
will be. If the separation between the 
two becomes equal to the focal length, 
however, the magnification will be- 
come infinitely large, and the light 
rays coming through the lens will be- 
come parallel, thus making it impos- 
sible to see the image. At still greater 
separations, the image formed by the 
lens will be inverted and small. The 
lens must therefore always be sepa- 
rated from the picture tube by a dis- 
tance that is less than the focal length. 

As we said, increasing the separa- 
tion between the lens and the tube 

increases the size of the image. How- 
ever moving the lens away from the 
picture tube also greatly restricts the 
viewing angle. When no lens is used, 
it is possible for people to be at a 
rather sharp angle with respect to the 
face of the picture and still be able 
to see the picture, as shown in Fig. 
15A. As soon as a lens is used, how- 
ever, the people at the extremes of the 
sides cannot see all of the image. In 
other words, as Fig. 15B shows, the 
viewing angle is decreased by the 
addition of a lens. 

This effect of decreasing the view- 
ing angle is made worse as the lens is 
moved away from the tube to in- 
crease the magnification, as shown in 
Fig. 16. If the picture is enlarged 
very much, therefore, it may be im- 
possible for more than one or two 
people to see it. 

Some lenses give somewhat more 
magnification than others for a given 
viewing angle, depending on their size 
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FIG. 16. As the lens is moved to increase 
the size of the image, the viewing angle 

is further decreased. 
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1.1 

and shape. For this reason, you should 
check on the viewing angle and mag- 
nification of any lens to see if they 
are acceptable before buying it. 

In an attempt to solve the viewing 
angle problem, some lenses are made 
as shown in Fig. 17. A rubber sheet 

FIG. 17. A coupled liquid -filled lens. 

or jacket that is secured to the lens 
makes a water -tight seal between the 
lens and the tube, and the space be- 
tween the picture tube and lens is 
filled with the same kind of liquid 
that is in the lens. The result of 
directly coupling the lens to the tube 
in this manner is that the image seem- 
ingly appears to be on the face of 
the lens. As a result, this lens system 
gives a very wide viewing angle- 
practically the same as that obtain- 
able without a lens at all. 

A disadvantage of such a lens sys- 
tem is that it is much more difficult 
to install. It may be necessary to 
modify the cabinet to make it accept 
the lens if the masking opening on 
the cabinet will not permit the lens 
coupling to go in and be fastened 
around the tube. Such a modification 
of the cabinet may or may not be 
practical, depending on the conditions 
in each case. Further, the addition 
of the lens makes it rather difficult to 
replace the tube and to service the 
get, because the tube -lens assembly 
must be removed as a unit if the liquid 
is to remain within the sheath between 
the lens and the tube. 

An entirely different method of 
making a lens is shown in Fig. 18. This 
lens, known as the "Fresnel" type, 
consists of a number of circular en- 

gravings on a flat sheet of plastic. As 
shown in the enlargement in Fig. 18B, 
each succeeding cut on the face of this 
plastic is at a different angle, so that 
the sum of their surfaces is equivalent 
to the surface of a lens having the 
thickness shown by the dashed line. 
Effectively, therefore, a thin sheet of 
plastic can be made to act just like 
a very thick plano -convex lens by 
shaping it this way. 

If the plastic has a sufficient num- 
ber of these cuts or ridges in it, and 
they are accurately cut, this system 
proves satisfactory. Because of its 
simplicity, and the small amount of 
material in it, such a lens is somewhat 
less expensive than some of the other 
types. 

It is important that the lens be 
mounted accurately with respect to 

EFFECTIVE 
LENS 

THICKNESS 

FIG. 18. A Fresnel lens. 

the face of the picture tube-other- 
wise a very distorted image will be 
produced. In addition to its cost, the 
care needed to mount it, and the re- 
striction in viewing angle that it 
causes, a lens has the disadvantage 
that it absorbs a considerable amount 
of the light traveling through it and 

13 



therefore reduces the brightness of the 
image somewhat. Finally, the sharp 
curvature of the lens introduces prob- 
lems because of glare due to reflec- 
tions from light in the room. (We'll 
study glare in more detail later in this 
Lesson.) For these reasons, a lens is 
by no means a perfect solution to the 
problem of getting a larger picture. 
Nevertheless, a fairly large number 
of lenses are in use, particularly with 
7 -inch and 10 -inch picture tubes. They 
are not very frequently used with the 
larger direct -view tubes because they 
cost so much in these sizes. 

The direct -view tubes that are in 
use today are about as large as we 
can expect to go and still have them 
reasonable in cost, size, and weight. 
If larger images are desired, it is nec- 
essary to turn to projection systems. 
As a matter of fact, many home re- 
ceivers use projection units that give 
images not much larger than some 
of the direct -view tubes (about 12 x 16 
inches). Other units build on up from 
this size to the large theatre projec- 
tion units that produce images around 
18x24 feet! 

Projection Systems 
The most obvious projection system 

consists of using a projection lens 
(like those used in movie or slide 
projectors) in front of the picture tube 
to throw an enlarged picture on a 
screen as shown in Fig. 19. The size 
of the image on the screen depends on 
the lens used, its position with respect 
to the picture tube, and the distance 
from the lens to the screen. 

The brilliancy of the picture on the 
ordinary picture tube is far too low 
for a projection system of this sort. 
There is a considerable loss of light 
in the directions A and B in Fig. 19, 
and, in addition, there is more loss in 
the transmission through the lens sys- 
tem itself. Finally, when even a rather 
brilliant small picture is spread over 
a much larger area in the projected 

PICTURE A LENS 
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FIG. 19. Lens projection. 

picture, there is a drastic reduction in 
the amount of light per unit of area. 
Hence, even though a small direct - 
view tube may give a picture of suffi- 
cient brilliancy to be easily seen in a 
brightly lighted room, this same image 
projected on a screen and thus en- 
larged several times would be diffi- 
cult to see even in the dark. 

The practical solution to the last 
problem has been the development of 
special projection -type picture tubes. 
To begin with, it is desirable to have 
a tube of small diameter so that the 
original picture will be small; this 
simplifies the lens design and allows 
the use of a less expensive lens system. 
Then, a picture of very high brilliancy 
is produced on the face of the tube. 
This is done chiefly by using very 
high accelerating voltages (they range 
from 25,000 to 30,000 volts for home 
projection units and are as much as 
80,000 volts in theatre systems), 
which produce an extremely bright 
spot. The brightness of the picture is 
further increased by using a tube hav- 
ing an aluminum backing behind the 
fluorescent screen to reflect forward 
through the face the light that would 
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ordinarily be directed toward the back 
of the tube and lost. In this respect, 
a projection tube is like the "daylight" 
tubes used in many direct -view sets. 

The basic "standard" receiver is 
used in such projection sets. The only 
modifications consist of using the pro - 

Courtesy Bausch and Lomb Optical Co. 

A TV projection lens. 

jection tube, a higher voltage supply 
for the tube, and usually an increased 
sweep output. 

Because the initial picture is very 
bright, a lens system can be used to 
project it on a viewing screen. Even 
so, in the larger screen sizes, the image 
is not as bright as that of a direct - 
view tube, but many people are will- 
ing to accept it anyway because of its 
large size. 

Although the system is practical for 
theatre and club use where a very 
large image is desired, the system 
using an optical projection lens shown 
in Fig. 19 is not much used in home 
set-ups. One reason is that most of 
these systems require a fair amount 
of space; another is that the room in 
which the set is used must be kept 
rather dark, much as it must be for 
home movies. For these reasons, a 
somewhat different projection system 
is more commonly used in home in- 
stallations. 

This latter projection system, which 
was borrowed from the astronomers, 
makes use of a spherical mirror in- 
stead of a projection lens. The par- 

ticular arrangement of elements in 
this system is such that more efficient 
light gathering is obtained, with the 
result that the image is somewhat 
brighter than that obtained by the use 
of a comparable projection lens. 
Furthermore, this system is more de- 
sirable for homes because it is far 
less costly and much more compact 
than the lens system. 

MIRROR PROJECTION 
Fig. 20 shows the basic details of 

the projection system that is used to- 
day in most home receivers and also 
in many of the large commercial sys- 
tems. Briefly, the projection tube faces 
a spherical mirror, and the image from 
the mirror is brought to focus on a 
screen at the proper distance away. As 
long as the projection tube is placed 
within the focal distance of the spheri- 
cal mirror, the image at the remote 
point will be an enlarged one. Where- 
as the efficiency of a lens system is 
only about 5% to 10%, mirrors such 
as this have efficiencies much nearer 
30%, so that a considerably brighter 
image can be obtained. 

The spherical mirror by itself will 
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FIG. 20. Spherical mirror projection. 

not bring the image to a proper focus. 
It is necessary either to grind the mir- 
ror to a special shape, which would 
make it extremely costly, or to use 
a corrector lens. The corrector lens 
itself has a rather peculiar shape and 
would be costly if it were ground from 
glass. However, these corrector lenses 
are today molded from plastic mate - 
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rial so that they are relatively inex- 
pensive. 

Fig. 21 shows why the corrector lens 
is needed. Let's assume that the point 
0 in this figure is a particular spot 
that is illuminated on the face of the 
projection tube. Notice that light 

FIG. 21. How the corrector lens works. 

originating at this point will be re- 
flected to different points along the 
axis line O -A if the spherical mirror 
alone is used (follow the dotted lines). 

Thus, light that follows path 1 

strikes the axis at a point far re- 
moved from the place where light 
would fall if it traveled along path 3. 
Let's say that we want all the light 
rays to strike the axis at the same 
point A as the ray following path 2 
does. We can produce this effect by 
using a corrector lens having the shape 
shown, which will bend the rays trav- 
eling along paths 1 and 3 so that they 
come together with that from path 2 
at point A. In fact, if we use a cor- 
rector lens of the proper shape, we can 
bring all the light rays from the 
spherical mirror to a focus at the de- 
sired point. 

The exact shape needed for the cor- 
rector lens depends on where it is 
placed in the light path. This lens 
does not enlarge the image or other- 
wise change it-all it does is bend 
the various rays of light so that they 
all come to the same focal point. The 
magnification that is obtainable in the 
system depends entirely on the size 
of the spherical mirror and its posi- 

tion with respect to the projection 
tube and the screen. 

The combination of the spherical 
mirror and corrector lens to produce 
an enlarged image was first developed 
by an astronomer named Schmidt for 
use in telescopes. For this reason, you 
will sometimes find that a projection 
television system of this sort is called 
a Schmidt lens system. 

If the image is to be projected on 
a screen at some distance from the 
receiver, the system shown in Fig. 20 
is used much as it is shown here. The 
tube is mounted with the spherical 
mirror and corrector lens in an opti- 
cal "barrel" that is made light -tight 
in all directions except through the 
corrector lens to prevent light from 
external sources from getting in. The 
system is focused by moving the tube 
away from or closer to the spherical 
mirror, and the entire barrel, includ- 
ing the spherical mirror, can be moved 
with respect to the screen to deter- 
mine the size of the image. 

Notice that there is a black sur- 
face directly in front of the picture 
tube on the spherical mirror. This sec- 
tion is designed so as not to reflect 
light at all. This is necessary so that 
light coming from the tube will not 
be reflected directly back on the face 
of the tube; if this were to happen, 
the contrast of the image would be 
reduced. The rest of the spherical 
mirror surface reflects the light from 
the picture tube through the corrector 
lens rather than back at the tube. 

Care of Mirrors. The spherical 
mirror used in this optical system is 
unusual in that the reflecting surface 
is on the face of the mirror rather 
than on its back. The ordinary home 
mirror has the silvered surface on the 
back of the mirror, so that the glass 
acts as a protection for it. If a back - 
silvered mirror were used in a system 
such as this, however, the light rays 
from the projection tube would have 
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to go through the glass, strike the 
reflective coating, and then come back 
through the glass, with the results 
that they would be bent at the points 
of entering and leaving the glass, and 
that light would be lost in traveling 
through the glass. Therefore, the sil- 
vering is placed on the top surface of 
the mirror, where it faces the tube 
itself. It is very important that you 
never touch the mirror surface either 
with your hands or tools, because the 
oil and acids normally present on the 
skin will attack the mirror. This will 
result in discoloration and corrosion 
of the surface with consequent loss of 
reflecting ability. If it is necessary 
to handle such a mirror, be sure to 
touch it only on its rear surface or on 
the extreme edges where it is not 
coated for reflection. 

To prevent dust from collecting on 
the mirror, the optical barrel is usual- 
ly made dust -tight. Should there ever 
be any need for cleaning such a mirror, 
a small, soft, camel's-hair brush can 
be used to pick up the dust. It is 
important to avoid the use of water 
and other cleaning compounds on 
these mirrors. Should you by acci- 
dent touch a mirror, refer to the in- 
structions accompanying the set, be- 
cause sometimes the manufacturer 
will recommend a particular cleaner 
that can be used safely. If you find 
no such recommendation, however, 
contact the distributor for instructions 
rather than damage the mirror by at- 
tempting to clean it. 

The corrector lens is made of soft 
plastic material and is very easily 
scratched; even rubbing it with a 
cloth may mar it. Again cleaning fluid 
should be avoided, since the chemicals 
in some of them may eat away plas- 
tic. Use a camel's-hair brush for dust- 
ing; for cleaning, again consult the 
manufacturer's instructions. 

There are two basic screen arrange- 
ments that may be used. In one, the 

screen is just like a movie screen, and 
the image is viewed from the side on 
which it is projected. In others, the 
screen is a translucent material on 
which the image is projected from the 
rear. Many of these screens are ground 
glass, although other materials (to be 
described later) are sometimes used. 

THE RCA SYSTEM 
Many television receivers use a 

projection system to give a large image 
on a screen that is a part of the cab- 
inet. The light path of the system 
shown in Fig. 20 must be bent for it 
to be used this way in a cabinet of 
reasonable depth. In the RCA line 
of projection receivers, and in all 
others that are adapted from this line, 
the system is basically that shown in 
Fig. 22. Here, a flat plane mirror is 
mounted at a 45° angle behind a view- 
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FIG. 22. The RCA projection system. 
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ing screen, and the image is reflected 
from this mirror to the screen. Mount- 
ing the tube in this way and then 
bending the optical path with the flat 
mirror makes it possible to use a 
cabinet of ordinary depth and not an 
unusual height to get the enlarged 
image. The viewing screen commonly 
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FIG. 23. The RCA optical barrel. 

used on cabinets of this kind depends 
on the design of the cabinet. Common 
sizes are 16 x 20 inches or 18 x 24 
inches-either of them larger than the 
picture obtainable even on a 20 -inch 
direct -view tube. 

A drawing of a typical optical bar- 
rel is shown in Fig. 23. The adjust- 
ments on the side of the barrel focus 
and center the image by raising or 
lowering the tube or by moving it 
from side to side. The corrector lens 
acts as the top of the barrel and keeps 
dust out of it. To keep dust off the 
top face of the corrector lens, the 
space between the lens and the plane 
mirror is usually enclosed in a cloth 
jacket. 

The connecting leads going to the 
base of the picture tube and to the 
deflection coils come out through a 
cable. Although these leads pass 
through the light path, they do not 
block any of the image because light 
from every point on the spherical mir- 
ror is used at any one moment to 
illuminate a point on the screen cor- 
responding to the point illuminated 

on the face of the picture tube. There- 
fore, no shadow is cast by these leads. 
They do reduce the total amount of 
light reaching the screen, but the loss 
is very slight. 

The cabinet can be kept reasonably 
low by arranging it as shown in Fig. 
24. The screen of this set is secured 
in a vertical track so that it can be 
hidden inside the cabinet when the set 
is not in use but can be brought up 
to viewing position by raising the lid. 
In a system of this kind, the lid must 
come up to exactly the right angle, 
because the flat mirror is on the lid. 
Therefore, stops are used in the cab- 
inet to fix the position in which the 
lid remains when it is lifted. 

As we mentioned, the screen itself 
must be translucent because the image 
is projected on it from behind and is 
viewed through it. Ground glass has 
often been used, but some receivers 
have a screen that consists of several 
layers of plastic. The center layer is 
a diffusing layer. The back sheet of 
the combination screen is cut to be a 

Courtesy RCA 
FIG. 24. A typical projection set. 

Fresnel lens like the one described 
earlier. This lens concentrates the 
light so that it goes directly through 
the screen. The front layer of the 
combination has vertical ribs cut in it 
so that the image can be seen from a 
somewhat wider viewing angle. This 

18 



operate 
itself. 

combination screen and lens transfers 
several times more light than an ordi- 
nary ground -glass screen does and also 
offers a somewhat wider viewing 
angle. Even so, however, the image 
on such a screen is bright and clear 
only within a restricted angle; if one 
gets too far to the side, the image will 
practically disappear. 

Incidentally, it is not easy to adjust 
the contrast and brilliancy properly 
when you are right next to a screen 
of this kind, so some projection sets 
have remote control equipment that 
permits the contrast and brilliancy to 
be adjusted from the normal viewing 
position. Such a control does not pro- 
vide tuning; it is still necessary to 

the tuning control at the set 

FIG. 25. The Philco system. 
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FIG. 26. Keystoning and its correction. 

THE PHILCO SYSTEM 
Instead of using a translucent 

screen and projecting the image on 
the rear of it, the Philco system is 
arranged so that the image appears 
on the front of the viewing screen. 
The shape and reflecting qualities of 
the viewing screen are such that this 
system gives somewhat greater light 
transfer than does rear projection. 
However, a rather special arrange- 
ment is necessary within the set to 
avoid distortion of the image. 

The basic light path is shown in 
Fig. 25. A projection tube is used in 
a Schmidt lens system very similar 
to that of the RCA receivers. The 
image is reflected from a spherical 
mirror through a corrector lens to a 
flat mirror, which then reflects the 
image onto the front of the viewing 
screen. In this case the viewing screen 
is mounted on the lid of the cabinet 
and is raised to an angle of about 
671/2° for normal viewing from the 
front of the cabinet. 

The basic difficulty with this system 
is the fact that the optical barrel is 
not at an angle of 45° with respect 
to the plane mirror and that the light 
path is not at right angles to the view- 
ing screen. As a result, a rectangular 
picture (Fig. 26A) on the face of the 
picture tube will produce an image 
on the viewing screen having the 
shape shown in Fig. 26B, in which the 
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top of the image is wider than the bot- 
tom. (This is called a "keystone" 
image because its shape is the same 
as that of the keystone of a stone 
arch.) 

This difficulty can be avoided by dis- 
torting the picture on the face of the 
picture tube so that it has the trape- 
zoidal shape shown in Fig. 26C. Then 
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FIG. 27. Keystoning magnets in place. 

the distortion in the picture will ex- 
actly cancel the distortion introduced 
by the optical system, and the result- 
ing image will appear in the correct 
proportions (Fig. 26D). 

The required distortion of the ini- 
tial picture is easily obtained by using 
a magnetic field to bend the electron 
beams. Two bar magnets are placed 
on opposite sides of the tube face as 
shown in Fig. 27. The magnets are 
held by a yoke that surrounds the 
edge of the tube. The positions of 
these bar magnets can be adjusted to 
produce a picture on the tube that 
will be distorted in just the right way 
to cancel the distortion in the optical 
system. Because these magnets give 
the initial picture a keystone shape, 
they are known as keystoning mag- 
nets. 

Since the image is formed on the 
front of the viewing screen, the screen 
is designed to reflect light rather than 
to transmit it. It is curved slightly 
to decrease the vertical viewing angle. 
This arrangement increases the bright- 
ness of the image, because light that 

would otherwise be directed up or 
down is concentrated by the curved 
screen into the forward direction. The 
screen has vertical ridges in it that 
are intended to increase the width of 
the viewing angle somewhat and to 
decrease glare caused by light that 
strikes the screen from the side. 

This viewing screen is mounted on 
the inside of the lid of the cabinet, so 

that the lid must be raised to make 
the picture visible. There is a special 
stop arrangement on the lid that 
allows it to be brought up to the 
proper position for viewing but no 
farther. 

THE PROTELGRAM SYSTEM 
As Fig. 23 showed, the optical bar- 

rel in the Schmidt lens system de- 
scribed so far is somewhat bulky. For 
this reason, a fairly large cabinet is 
needed to house such a system. 

The Protelgram system developed 
by the North American Philips Com- 
pany, however, has an optical barrel 
small enough to be housed in a table - 

FIG. 28. The Protelgram box compared 
to a standard barrel. 
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model receiver. This reduction in size 
is produced by using a "folded" 
Schmidt lens system and a 21/2 -inch 
projection tube. The basic difference 
between this and the system used by 
RCA and Philco is shown in Fig. 28. 

As you can see, the tube is inserted 
in the box in front of the curved mir- 
ror M in much the same manner as 
in the other systems. However, the 
light path from this mirror M is to a 
plane mirror P mounted at a 45° 
angle, which reflects the light up 
through the correcting lens L and thus 
out of the box. The projection tube 
T is inserted through a hole in the 

Courtesy North American Philips Co. 
FIG. 29. An external view of a Protel- 

gram unit. 

center of the plane mirror P. All of 
the tube except its face is taken com- 
pletely out of the light path-the 
focusing coils, wiring, socket, etc., are 
not in the way at all. This eliminates 
some of the light losses experienced in 
the other systems. 

The use of a small picture tube, 
which makes it possible for the spheri- 
cal mirror to be small also, and the 
use of the plane mirror to bend the 
light path, result in a compact opti- 
cal unit. A general idea of this optical 
unit's appearance can be obtained 
from Figs. 29 and 30. In Fig. 29, the 
tube and the deflection coils are shown 
projecting out of the box. In the 

opened view of Fig. 30, you can see 
the spherical mirror, the inclined plane 
mirror, and the corrector lens at the 
top of the box. Notice how just the 
tube face protrudes through the plane 
mirror. 

Fig. 31 shows the tube itself. As 
you can see, it is very small in size. 

Courtesy North American Philips Co. 
FIG. 30. A cut -away view of Protelgram 

box. 

The glass cup on the bell of the tube 
near the face is used to insulate the 
high -voltage connection from the out- 
side of the tube, which is completely 
covered by a grounded conductive 
coating. When the high -voltage con- 
nection is made inside this glass cup, 
the leakage path from this connection 
to the outside conductive coating is 
the total path up the inside wall of 
the cup and down the outside. Hence, 
this cup acts as an insulator. 

Courtesy North American Philips Co. 
FIG. 31. A projection tube. 

As shown at the left in Fig. 32, the 
Protelgram optical unit can be in- 
stalled in a console cabinet if desired. 
Because of its small size, it is also 
possible to lay the unit on its side, as 
shown at the right in this figure, and 
use an additional mirror to get a very 
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compact unit that will fit into a table 
cabinet. Either of these arrangements 
in cabinets of the size indicated in Fig. 
32 will give a picture of 12 x 16 inches. 
In addition, this unit can be used for 
projection onto a screen on the wall, 
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FIG. 32. Two ways of mounting a Pro- 
telgram unit. 

in which case it can be made to give 
a picture as large as 3 x 4 feet. 

SUMMARY 
From the foregoing details, you can 

see that projection sets are basically 
much like direct -view sets. The same 
receiver chassis can be used in either 
-the only basic differences are that 
the former use a projection tube and 
a higher -voltage power supply and 

sometimes need a greater sweep volt- 
age. Also, it may be desirable to use 
a somewhat higher signal on the grid 
of some projection tubes, in which 
case the contrast control setting may 
be at a higher level or an additional 
amplifying stage may be used in the 
video amplifier. In general, a projec- 
tion receiver is otherwise identical 
with a comparable direct -view set. 

You will, therefore, find the usual 
TV controls on a projection receiver. 
In addition, there will be the controls 
that are necessary for proper focusing 
and picture centering of the projection 
unit. These controls are physical, 
rather than electrical; that is, they 
move the actual position of the tube 
with respect to the mirror (or to the 
lens in a lens system). A later text 
will give more details about the ad- 
justment of these controls. Since there 
are several variations on the basic sys- 
tems we have described, it is wise to 
consult the manufacturer's informa- 
tion for exact details before attempt- 
ing to adjust one. For example, in 
some systems the manufacturer rec- 
ommends the use of a special lamp, 
which is used in place of the picture 
tube, to get the optical system lined 
up. Once the optical system has been 
brought to a proper focus, the lamp 
is removed and the picture tube is 
installed in its place. In other sys- 
tems, the optical system is lined up 
with the picture tube already installed. 

Eye -Strain and Glare Filters 
An important factor affecting the 

quality of a television picture is its 
contrast range. By "contrast," in this 
case, we mean the brightness range 
between the lightest and the darkest 
part of the picture. Illumination ex- 
perts consider that a good picture, 
whether film, painting, television, or 

engraving, should appear to the eye 
to have a contrast range of approxi- 
mately 30 to 1. This means that the 
highlights or brightest portions of such 
pictures, when viewed with normal 
surrounding illumination, should be 
about 30 times as bright as the dark- 
est shade obtainable. 
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With paintings or photographs, this 
is not too difficult a range to obtain, 
because dyes, paints, and printing inks 
used for black are extremely light - 
absorbent. The black level, therefore, 
is very low, so a highlight 30 times 
as bright can readily be secured by 
using good paper or white pigments. 

In the television and motion pic- 
tures, however, the "black" is actually 
just the absence of light, so we can 
have no true black. The darkest 
shade we can get is determined by 
the amount of the surrounding light 
that is reflected from the screen sur- 
face. Therefore, if we start out with 
a "black" that is actually well up in 
the gray region, the highlight bright- 
ness must be very high if we are to 
get our desired contrast range. In the 
case of motion pictures, it is not 
practical to get such extremely bright 
levels; for this reason, motion pic- 
tures must be viewed in the dark so 
that the dark elements of the scene 
will be more nearly black, making it 
possible for a reasonable light level to 
represent the lighter portions of the 
scene. 

There are two reasons that make it 
undesirable to view a television pic- 
ture in complete darkness-first, it is 
often inconvenient to try to make a 
room dark enough, and secondly, 
viewing such an image in the dark 
tends to produce eye strain. This 
strain results from the fact that the 
eye becomes tired in attempting to 
accommodate for both the bright pic- 
ture and the surrounding blackness. 

For these reasons, it is desirable to 
view a television image in a room 
that is at least reasonably well lit. 
As a matter of fact, it is the opinion 
of lighting experts that the amount of 
light on the surrounding walls should 
be approximately equal to the high- 
light brightness in the pictures that 
are to be seen. This means that the 
room should be almost normally illu- 

minated for most television picture 
viewing. 

As soon as we introduce such light 
levels, however, we are back to our 
original problem of a "gray" black 
and may even encounter cases of a 
"mirror" reflection or of glare. Let's 
see what can be done to avoid these 
difficulties. 

SCREEN ILLUMINATION 
As a practical example of the effects 

of the ambient (surrounding) illumi- 
nation, let us first assume that we can 
have a television picture having the 
optimum range of contrast of 30 to 1. 
This means that if the brightest point 
in the scene has a brightness of 30 
foot -lamberts (a foot-lambert is a unit 
of brightness used by lighting engi- 
neers), the darkest portion of the 
scene must have a brightness of only 
about 1 foot-lambert. 

Now, let us suppose that we light 
up the surrounding room to a bright- 
ness of 20 foot -lamberts, which is the 
level that may be found in a fairly 
brightly lighted living room. The 
viewing screen is necessarily also 
lighted to the same level. The view- 
ing screen is not a perfect reflector, 
but it may easily reflect half the light 
falling on it, so now the lowest level 
of brightness of the screen is 1 plus 
10, or is 11 foot -lamberts. Since the 
minimum blackness we can get is 
equal to the lowest light level that the 
screen can reach, our "black" level is 
now 11 foot -lamberts. 

This same 10 foot -lamberts is added 
to the highlight brightness also, mak- 
ing the highlight brightness now 30 
plus 10, or 40 foot -lamberts. However, 
notice what has happened to our con- 
trast range. It is now 40 to 11 (in- 
stead of 30 to 1) or only about 3.6 to 
1. Effectively, we now have a washed- 
out grayish -white image. 

To get back the proper 30 -to -1 con- 
trast range, the contrast and bright - 
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ness controls on the receiver would 
have to be turned up to make the 
highlight brightness 30 times 11 or 
330 foot -lamberts. This would be far 
too bright a picture for any degree of 
comfort; in fact, it is a higher light 
level than the average receiver can 
produce. 

Obviously, therefore, there are only 
two things that can be done if we are 
going to get anywhere near the opti- 
mum contrast range. One is to 
greatly reduce the surrounding light, 
with its attendant problems of being 
inconvenient and perhaps causing 
eye strain; the other is to reduce the 
amount of light that is reflected from 
the viewing screen. The latter idea 
brings up the use of light filters. Let's 
take our example and see just what a 
filter will do. 

In Fig. 33A, we have the screen 
that is transmitting a highlight bright- 
ness of 30 foot -lamberts and a "black" 
brightness of 1 foot-lambert. Let's 
assume that the screen has a 50% re- 
flectivity-that is, that it reflects 50% 
of the light falling on it. If the light 
from the room falling on this screen 
is 20 foot -lamberts, the screen will 
reflect a total of 10 foot -lamberts. 
Our maximum possible contrast range 
is now in the ratio of 40 to 11, or 
about 3.6 to 1. 

Now, let's place a light filter in 
front of this television screen (Fig. 
33B). This filter is a light gray sheet 
of cellophane or similar material of 
such a nature that it will pass only 
part of the light that is trying to go 
through it. Let's first assume that it 
passes half the light. In this case, the 
30400t -lambert highlight brightness 
of the picture is reduced to 15 foot - 
lamberts, and the "black" brightness 
will be reduced to 0.5 foot-lambert. 
However, notice what happens to the 
surrounding (ambient) light. This 
light must go through the filter to fall 
on the screen and then must come 

back through the filter a second time 
to come out. Therefore, if we have a 
surrounding light of 20, it is reduced 
to a value of about 10 before it strikes 
the viewing screen. Since the screen 
reflects half the light falling on it, 
this 10 will return to the filter as 
5 foot -lamberts and will be reduced 
in half again (to 2.5) in passing 
through the filter a second time. 
Therefore, our minimum light level 
has been reduced to 2.5 + .5 or to 
3 foot -lamberts. With no change in 
the original picture brightness, we now 
have a ratio of 17.5 (15 + 2.5) to 3, 
which is 5.8 to 1 instead of our orig- 
inal 3.6 to 1. 

Of course, we started with an orig- 
inal picture highlight brightness of 30 
foot -lamberts. If this represents the 
highlight brightness that we desire, 
and if the set has sufficient range, we 
now can increase the original picture 
highlight brightness to let us say 60 
foot -lamberts, increasing the black 
brightness to 2 foot -lamberts at the 
same time. This will be reduced in 
half by the filter so that the highlight 
brightness on the viewing side of the 
filter will be only 30, but we will now 
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FIG. 33. How a light filter reduces 
reflection. 

have a range of (30 + 2.5) to (1 -I- 

2.5) which is 32.5 to 3.5, or 9.3 to 1. 
Notice that we obtain this increased 
range with no increase in the actual 
brightness of the final picture. 

Of course, we could have increased 
our illumination to 60 in the first case 
(without the filter) and thus could 
have nearly doubled the contrast 
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range, but this would have been at 
the expense of producing an exces- 
sively bright scene. 

Fig. 34 shows what happens if the 
filter cuts out even more of the light 
-if it only transmits, let us say, 20% 
of the light. We now need 150 foot - 
lamberts from the screen to give us a 
highlight brightness of 30, but our 
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transmission. 

20 foot -lamberts of ambient light goes 
through the filter to appear as only 
4 on the screen. This is reflected as 2 
and comes through the filter the sec- 
ond time as only .4 foot-lambert. This 
gives a contrast range of 30.4 to 1.4 
or 21.6 to 1, which closely approaches 
the desired 30 to 1. 

You can see, then, that it is possible 
to get an increased contrast ratio in a 
room that is normally lighted by 
using a filter in front of the face of 
the viewing screen, whether this view- 
ing screen be a direct -view picture 
tube or the screen on a projection 
system. It is necessary to run the 
picture at a higher initial brightness 
level to achieve this, however, and if 
the set is not capable of producing a 
sufficiently bright picture, the filter is 
not as effective. For this reason, filters 
are less commonly used on projection 
sets than on direct -view types. 

It is important to realize that this 
filter improves the contrast only by 
reducing the effect of ambient light. 
It can do nothing whatever about lim- 
ited contrast ranges in the pictures 

themselves. Many television pictures 
have low contrast ranges, and these 
may be further compressed by im- 
proper adjustment of the contrast and 
brightness controls on the receiver. 
Therefore, it is well to be cautious 
about statements that a filter will 
increase the contrast in the picture, 
because this may not necessarily be 
so at all. The filter merely makes it 
possible for a full contrast range to 
be visible when there would be such 
a range in the picture on the tube if 
it were not for the ambient light. 

Notice that the filter will work sat- 
isfactorily only when it is in front 
of the picture screen so that the room 
light falling on the screen will be 
doubly cut down. Holding such a 
filter directly in front of one's face 
will do nothing except cut down the 
highlight brightness of the picture. 
For this reason, goggles or spectacles 
made like sun glasses will not work 
in the manner we have described. Of 
course, if the picture brightness is run 
up to a very high level so as to get 
the highlight brightness as far from 
the minimum level as possible, then 
such goggles will cut down the terrific 
brightness that would be harmful to 
the eyes, but this is not as effective 
as the use of the filter on the viewing 
screen itself. 

Filters designed for improving the 
contrast by reducing the reflections 
from the viewing screen are usually 
neutral gray filters having light trans- 
mission abilities ranging between 20% 
and perhaps 35%. Some of these fil- 
ters, however, are tinted blue. These 
filters are considered desirable by 
some because the image produced by 
many picture tubes has a yellowish 
or brownish cast instead of being a 
pure black and white picture. This 
may come about because the fluores- 
cent screen materials do not produce 
a good white, or because the tube has 
aged and the screen has become slight - 
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ly burned, or because the high voltage 
is somewhat below normal. The use 
of a blue filter will tend to wipe out 
this color cast and to make the pic- 
ture appear more truly black and 
white. 

Since people may object to the ef- 
fects of filters on the color or appear- 
ance of the picture, it is always well 
to be cautious in recommending the 
use of filters except on a trial basis. 

A Polaroid filter recently put on 
the market uses the phenomenon of 
polarization of light to eliminate re- 
flections from the picture tube. As 
you know, ordinary light consists of 
electromagnetic waves (like radio 
waves, but much higher in frequency) 

Courtesy Polaroid Corp. 

This view shows how a Polaroid filter 
cuts down glare. A set is facing a win- 
dow reflecting a strong light, and the 
filter is shown covering half of the tube 

face. 

that vibrate in all directions at right 
angles to the direction of propagation. 
Certain natural crystals have the 
property of passing practically all 
the light that vibrates in one plane, 
and of absorbing light that vibrates 
in other planes, with a maximum ab- 
sorption of vibrations that are 90° 
from the plane that is passed. Such 
crystals are called "polarizers," be- 
cause the light they pass is polarized 
(that is, it vibrates in only one plane) . 

Polaroid is a material that is made 
by, embedding vast numbers of tiny 

polarizing crystals in a sheet of plas 
tic. It acts as an efficient polarizer: 
about 50% of a beam of unpolarized 
light that strikes a sheet of Polaroid 
will pass through it, emerging as a 
polarized beam. The rest of the beam 
will be absorbed. Its action on polar- 
ized light depends upon the angle be- 
tween the plane of polarization of the 
light and the polarizing plane of the 
Polaroid. If this angle is 0° (that is, 
if the light is polarized in the plane 
that the Polaroid passes), the light 
will be passed almost completely; if it 
is 90°, the light will be almost com- 
pletely absorbed; and if it is some- 
where between 0° and 90°, part of the 
light will be passed, the rest will be 
absorbed. 

In this new filter, a sheet of Polar- 
oid is bonded to another material that 
has the effect of producing a 45° 
rotation of the plane of polarization 
of any light that passes through it. 
The filter should be placed on a TV 
set so that the Polaroid side is farther 
from the tube. When this is done, it 
will be impossible for ambient light 
to be reflected from the face of the 
tube. Let's see why. 

The light from an ordinary source, 
such as an electric light bulb, is un - 
polarized. When such light strikes 
the filter, half of it passes through the 
Polaroid, emerging as polarized light. 
The plane of polarization of this light 
is then rotated 45° by the other mate- 
rial in the filter. Next, the light is 
reflected from the face of the tube 
back toward the filter. This time, it 
strikes the rotating material first, so 
its plane of polarization is rotated 
45° more, making a total of 90°, be- 
fore it reaches the Polaroid again. 
Since its plane is now 90° from the 
plane that the Polaroid passes, the 
light is almost completely absorbed. 
Thus, no light is able to pass through 
the filter, be reflected from the tube, 
and pass out through the filter again. 
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Half the light from the tube face, 
however, which is initially unpolar- 
ized, is able to pass out through the 
filter. Thus, the filter acts as a 50% 
filter as far as the light from the tube 
is concerned and as virtually a 100% 
filter for ambient light. 

ROOM ILLUMINATION 
You can see from what we have said 

that it is desirable to have normal 
room illumination, but it is not de- 
sirable to have too much light. If the 
light level is too high, it is practically 
impossible to get the highlight bright- 
ness of the picture high enough to 
overcome the surrounding level. It is 
all but impossible to see the picture 
if direct sunlight is allowed to fall on 
the screen, for example. 

As a further point, it is of course 
undesirable to have the set placed next 
to a bright source of light. If you can 
see a strong light at the same time 
you are attempting to watch the 
screen, your eyes will become tired 
from trying to accommodate intermit- 
tently between the strong light and 
the less brilliant screen, just as they 
would for the opposite condition of a 
bright screen and dark surroundings. 
That is why it is undesirable to place 
the television set next to a window 
through which sunlight may come. 

In general, therefore, it is desirable 
to light the room to a normal level, 
preferably by the use of indirect or 

shaded lights during evening hours, 
and, in the daytime, to cut down 
somewhat on the amount of sunlight 
present by drawing the blinds at least 
part way. Strong light should not be 
allowed to shine directly on the screen 
nor to be right beside it. 

To make it easier to watch a TV 
picture, the lights in the room must 
be properly arranged with respect to 
the set. Glare can be caused by exces- 
sive illumination at the wrong angles 
to the viewing screen. As a matter of 
fact, the screen is so mirror-like that 
it is even possible to get reflections 
and to see the light source in the 
screen if the former is placed in the 
wrong position. In general, therefore, 
it is not desirable to have lights di- 
rectly behind the viewer so that the 
light, viewer, and viewing screens are 
on the same line, and not to have the 
lights beside the set. The light from 
all sources in the room should be 
practically at right angles with respect 
to the line formed by the television 
set and the viewer. Under these con- 
ditions, with the normal relatively 
fiat -faced viewing screen, the light 
source may produce some glare but 
not at least a mirror reflection. 

If a magnifier lens is used in front 
of the set, the problem is quite severe, 
because the curved surface of the 
magnifier is practically certain at 
some point to be of the right shape to 
produce a mirror reflection. 
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Color Television 

Ever since the beginning of the 
idea of a television system, many en- 
gineers have been working on tele- 
vision in color. Because it is so de- 
sirable from the standpoint of natural 
rendition of a scene, color television is 
almost certainly the system that will 
eventually be put into use providing 
a practical system that is not too ex- 
pensive can be developed. Involved 
in this cost problem is not only the 
initial cost of the receiving equipment, 
but also the extra costs at the trans- 
mitting end, both in original material 
and in operation. 

Of course, a color system, to be 
practical, must be as reliable in main- 
taining synchronization as is the mod- 
ern black -and -white process. As yet 
there has been no standardization on 
color systems because no one system 
has yet been adopted. In the follow- 
ing, we shall describe four or five 
basic color systems that are at least 
in the laboratory developmental stage, 
so that you will have a general under- 
standing of the problem and can see 
the direction of thinking of the engi- 
neers that are working on this prob- 
lem. We shall primarily discuss re- 
ceiving equipment. You can assume 
that in all cases, the transmitter must 
use corresponding units to pick up 
the image. 

We cannot say that any one of these 
particular systems will ever be the 
one that is finally developed-but 
from the emphasis on color develop- 
ment in the laboratories today, and 
from the great public demand for color 
television, it seems quite possible that 
the next few years will eee a practical 
system placed on the market. It is 
even possible that more than one sys- 
tem may come into use if the stand- 
ards for picture transmission can be 
set to permit this. 

Before we go on to learn about these 
basic systems, however, let's briefly 
review a few facts about light. 

LIGHT FILTERS 
What we know of as white light is 

actually a combination of all colors in 
such proportions as to give the effect 
of white to the eye. However, we need 
not have all colors to produce white, 
because of the way in which the "pri- 
mary" light colors blue, red, and 
green will add together. As Fig. 35 
shows, the proper admixture of these 
three will produce white. Also, it is 
possible to get white light by com- 
bining the complementary colors. 
Thus, blue and red combined will give 
magenta, and magenta with green will 
give white. Similarly, blue and green 
will give peacock blue, which when 
added to red will give white. Finally, 
red and green light combined will give 

FIG. 35. The effect of mixing various 
colored lights. 

yellow, which when added to blue will 
give white. Since the three primary 
light colors can be combined to give all 
the colors plus white, we can reproduce 
a full color image if we can have a 
system that will break down the orig- 
inal image into these three primary 
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colors at the transmitter and recom- 
bine them correctly at the receiver. 

The process of adding colored lights 
together must not be confused with 
that of mixing paints or dyes, which 
is a subtractive process rather than 
an additive process. For example, 
when yellow and blue lights are mixed, 
the added colors give white as a result. 
On the other hand, if you mix yellow 
and blue paint, you will get green 
paint as a result. The difference lies 
in the fact that the color you see when 
you look at paint is the color of light 
that the paint reflects or transmits; 
all other colors that may be in the 
light that strikes the paint are ab- 
sorbed by it. 

Suppose, for example, that a yellow 
paint is illuminated by white light. 
The paint will absorb or remove from 
the white light the blue, purple, and 
red components; it will reflect pri- 
marily yellow, plus some green and 
orange. It will therefore appear yel- 
low to your eyes, which see only the 
light reflected from it. Similarly, blue 
paint will absorb and remove from 
white light the yellow, orange, and 
red, reflecting primarily blue and some 
green and purple. If we mix these 
two paints together, green is the only 
color not absorbed by either paint, 
and it is therefore the only color re- 
flected to your eyes. 

Basically, therefore, from a light- 
ing standpoint, color television can be 
obtained simply by taking pictures of 
the red, green, and blue components 
of the image to be transmitted, and 
then, at the receiving end, reproduc- 
ing each of these three color images 
and superimposing them upon each 
other on the viewing screen to form 
the composite full color scene. Two 
major problems are involved: first, 
the separation of the scene into pri- 
mary colors; and secondly, the recom- 
bination of the different images at 
the receiver. It is necessary that these 

images be combined at a rapid enough 
rate to prevent flicker, and the over- 
lapping of the images must be care- 
fully controlled so as to produce the 
illusion of a solid colored scene. Fun- 
damentally, therefore, instead of deal- 
ing with one scene at a time, we are 
actually trying to handle three. 

IMAGE TRANSMISSION 
There are two basic methods of 

sending the colored images as a trans- 
mitted signal. First, the respective 
color images may be sent one after 
another in sequence, or secondly, they 
can all be sent simultaneously by using 
each to modulate a different carrier. 

Sequential Scanning. In the se- 
quential system, a line may be 
scanned for the red values in it, for 
example, then scanned a second time 
for the green values, and finally for 
the blue, after which the process is 
repeated for the next line. In such a 
case, the red image is sent as a line; 
the next line corresponds to the green 
image; and the next line corresponds 
to the blue image (see Fig. 36A). 
When all three images corresponding 
to a single line of the original scene 
have been obtained, the next line of 
the scene is scanned in the same se- 
quence. 

If the separate frames can be com- 
bined at a rate fast enough, it is pos- 
sible to make this sequential scanning 
that of a complete frame or picture, 
instead of lines. Thus, the entire pic- 
ture could be scanned first to get a red 
image, scanned again to get a green 
image, and scanned yet again to get 
a blue image. Then all three of these 
images for the complete frame could 
be recombined. If this is done, it is 
necessary to transmit at a much 
higher frame rate, because the color 
images must all be recombined at a 
fast enough rate to avoid flicker. This 
means that about 20 frames per sec- 
ond for each color is about the slowest 
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FIG. 36. Scanning methods. 

we can expect, and we would prob- 
ably have to go to 24 or more. Since 
there are three colors, the number of 
frames per second would have to be 
at least three times the lowest number 
that was found acceptable. 

On the other hand, if each line is 
scanned three times before the next 
line is scanned, the same number of 
frames may be used; but now we 
have three times as many lines. There- 
fore, no matter how it is done, a se- 
quential scanning system would differ 
from present-day standards either in 
the number of frames or in the num- 
ber of lines, or perhaps even in both. 
Hence, either a frequency channel 
wider than the present 6 -mc. one must 
be used, or the image detail must be 
degraded by reducing the line resolu- 

tion (a reduction in the detail because 
of the loss of high frequencies). 
Whether a poorer color image should 
be accepted or a channel about 9 -mc. 
wide should be used has not yet been 
settled. 

Simultaneous Scanning. The si- 
multaneous scanning system is one in 
which we have three different signals 
produced by three different pickup 
tubes, each of which scans the scene 
all the time. One tube picks up the 
red image, another the green, and the 
third the blue. The three signals are 
then modulated on three separate car- 
riers, or on sub -carriers that are com- 
bined into one. Since we have three 
entirely separate images from begin- 
ning to end, it is possible to use the 
black -and -white standards for lines 
and frames. However, we must use 
nearly three times as wide a channel 
to transmit the whole image if today's 
standards are maintained. Thus, if a 
6 -mc. channel is necessary today for 
black and white, a simultaneous sys- 
tem using the same standards for each 
of the three colors would require an 
18 -mc. channel. Of course, it isn't 
quite as bad as this-one or more of 
the colors could perhaps be sent in 
a narrower channel, and there is only 
one sound channel for the entire pic- 
ture, so a range of from 14 to 16 mc. 
would handle such an image. In fact, 
it would be possible to handle the 
image in a 16 mc. channel by using 
multiplexing or other tricks of modu- 
lation. 

The wide frequency spectrum needed 
is one of the stumbling blocks that has 
prevented the introduction of this 
kind of color system. The Federal 
Communications Commission has in- 
sisted that any color system it is to 
approve for commercial use must be 
less wasteful of the frequency spec- 
trum. 

Another important question not yet 
settled is whether a color system 
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should exist as an entirely separate 
service, or whether it should be able 
to produce an acceptable image on a 
black -and -white receiver as well. In 
the case of the simultaneous systems, 
any one of the three images can be 
used as a black -and -white image. For 
example, the green image of a simul- 
taneous system, if it were transmitted 
according to present day standards, 
would produce a satisfactory black - 
and -white picture representing the 
complete scene. The receiver in this 
case would just ignore the other two 
color images, which would be sup- 
pressed by its tuned circuits. The 
sequential systems, however, can be 
received only on a set designed for 
the color image. The ability to oper- 
ate both kinds of receivers has always 
been one of the strong points in favor 
of simultaneous transmission; in fact, 
it may eventually outweigh the objec- 
tion that a wide frequency band is 
necessary for such a system. 

Incidentally, you may wonder how 
a color image could be reproduced as 
black and white. It is very important 
to notice in the following discussion 
that in all cases we are merely using 
a filter in front of the camera to filter 
out lights of all but the desired color, 
so that only light of this color is reg- 
istered by the camera tube. However, 
the camera tube is the same type as 
that used today, so the image of any 
color that is transmitted consists of 
a voltage variation that corresponds 
to the varying brightness level of the 
elements of the scene as far as light 
of that color is concerned. At the re- 
ceiver, if there is no corresponding 
color filter, the pickup tube will be 
actuated to reproduce a black -and - 
white picture corresponding to the 
voltage variations in the transmitted 
signal. Of course, the contrast of this 
black -and -white picture produced by 
a color signal may not be the same as 
it would be if white light from the 

scene were picked up by the camera; 
however, the black -and -white picture 
produced by, say, the green signal 
should be acceptable, if not perfect. 

Each of the systems to be described 
holds promise of being workable. The 
eventual choice will depend upon cost 
considerations and other factors that 
we shall mention. 

MECHANICAL SYSTEMS 
A mechanical means of getting a 

color image has been known and ex- 
perimented with for a long time. In 
fact, the use of a mechanical disc or 
drum goes back to black -and -white 
systems that were in use before the 
development of the electronic picture 
tube. 

A simple form of this system is 
shown in Fig. 37. The reproduced 
television image appears on the face 
of a standard cathode-ray tube as an 
ordinary black - and - white image. 
However, the light from this tube 
must pass through a color filter before 
being projected on the viewing screen. 
A color filter is made up of a disc of 
separate filters for red, green, and 
blue light. The disc may have six, 
nine, twelve, or more segments if de - 
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FIG. 37. A mechanical color scanner. 

sired, but the number of segments 
must be a multiple of three if a three - 
color system is used. 

The disc is rotated by a synchro- 
nous motor so that the color segment 
in front of the picture tube at any 
time is the proper one for the color 
that is to be reproduced at that time. 
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FIG. 38. Another possible mechanical 
color scanner. 

This system must be used with the 
sequential method of transmitting the 
color information ; to keep the speed 
of rotation of the filter disc at some 
reasonable figure, it is necessary to 
use frame rather than line sequences. 

In operation, the color disc is ro- 
tated continuously. Its size and speed 
of rotation are such, however, that one 
color segment remains in front of the 
image for one entire frame so that a 
complete color frame is produced. 
Then, when the next frame starts, the 
next color of the disc is interposed 
between the picture -tube image and 
the screen. Finally, when the third 
frame is reproduced, the third color 
of the disc is interposed. Thus, three 
separate color images are reproduced 
in sequence on the same screen area. 
The rate at which they are produced 
is so fast that the eve blends them all 
together as a single image. 

One of the disadvantages of this 
kind of system is that light is lost in 
passing through the filters. This can 
be made up for by the use of projec- 
tion -type tubes. A more important 
difficulty is that of keeping the syn- 
chronous motor exactly in step with 
the one that is used at the transmitter. 
Naturally, the color discs at the re- 
ceiver and the transmitter must be 
exactly in step at all times-other- 
wise a color that is transmitted as 
blue might appear as red or green at 
the receiver, and so on. 

A final disadvantage is the fact that 
this is a mechanical system-it uses 

devices that become worn out with 
use and therefore require maintenance 
and repair. 

The problem of getting the synchro- 
nous motor to rotate at the correct 
speed and to put the right color disc 
in front of the image at the proper 
time is not insurmountable. A special 
synchronizing signal can be sent along 
with the television image and be ap- 
plied to the motor circuit through a 
regulating network that will keep the 
motor running at the proper speed. 

This is basically quite a simple sys- 
tem. If the objections to the use of 
a mechanical system can be overcome, 
it may eventually become successful. 

Color Drum. A somewhat modified 
form of the system is shown in Fig. 
38. Here, a large drum is used instead 
of a segmented color disc. A short 
picture tube is mounted within the 
drum, and the color filters are 
mounted so that each will pass in 
front of the tube in turn as the entire 
drum rotates. This construction per- 
mits a great many filters to be used, 
which makes it possible to reduce the 
speed of rotation of the drum. 

THREE -TUBE 
ELECTRONIC SYSTEM 

A completely electronic system for 
reproducing television in color has 
long been the goal of television engi- 
neers. The most basic arrangement 
of this kind is shown in Fig. 39. 

SCREEN 

CATHODE 
RAY TUBES FILTERS 

LENSES 

RED 

FIG. 39. A three -tube color system 
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Basically, this system uses three 
separate receivers, each feeding a sig- 
nal representing the light value of a 
particular color to its black -and - 
white picture tube. Light from each 
image then passes through a filter of 
the right color, after which it is 
focused by a lens on a viewing screen. 
The three tubes are arranged so that 
the three images overlap each other 
properly to produce a composite image 
that has the correct color at every 
point. 

Obviously, a device that requires 
the use of three separate receivers 
would be very expensive. However, a 
single receiver can be used if it is 
specially designed to have r.f. and i.f. 
systems of the proper wide band width 
and to incorporate electrical filters to 
separate the signals of the three 
images from each other. Three pic- 
ture tubes are still needed, however. 

In this electronic system, we use 
the same filters used in the mechani- 
cal system, but they are now fixed,- 
they do not need to rotate, because 
the tubes are either operated from 
entirely separate signals or operated 
in sequence so that the proper tube 
behind the proper filter is illuminated 
at a particular instant. 

Although this basic electronic sys- 
tem does work, its cost is too high. 
Several modified forms of the system 
have been developed, however, in 
which a single tube is used. These are 
considerably less expensive. 

SINGLE PICTURE -TUBE 
ELECTRONIC COLOR SYSTEMS 

The system shown in Fig. 40A is 
one that uses a single picture tube to 
produce color electronically. In this 
particular system, the color image is 
broken up into separate small pic- 
tures that all appear on the tube face 
during a single vertical scan. In other 
words, when the electron beam com- 
pletes one vertical scan of the picture 

tube face, three separate small, black - 
and -white pictures will have been 
formed, one corresponding to the red 
image, another to the green, and the 
third to the blue. Light from each 
image passes through an appropriate 
color filter; then, by means of a pris- 
matic optical system, the three single - 
color images are combined into a 
single natural -color image that is pro- 
jected onto a screen. 

To produce these different pictures 
an optical system at the pick-up cam- 
era splits the light from the scene 
into three parts, each of which is fil - 

TO REO FILTER TO GREEN FILTER 

TO BLUE FILTER 
OPTICAL SYSTEM 

(FILTERS ,PRISMS, LENSES) 

FIG. 40. A single -tube color system. 

tered to produce a single -colored 
beam. Each beam is brought to a 
focus on a particular area of the 
mosaic of the picture tube. Thus, three 
separate images, one in each of the 
primary colors, are produced on the 
mosaic. When the mosaic is scanned 
by the electron beam of the pick-up 
tube, all three images are converted 
into electrical signals for transmis- 
sion. 

The optical system at the pick-up 
camera can be made to arrange the 
three images one above the other or 
side by side on the mosaic of the pick- 
up tube; they will appear in the same 
orientation on the face of the picture 
tube (see Figs. 40A and 40B) . It is 

33 



also possible to use an optical sys- 
tem that will produce the image ar- 
rangement shown in Fig. 40C. Either 
three or four images can be produced: 
if only three are formed, one will be 
on one line and two on the other. 

The chief advantage of the arrange- 
ment shown in Fig. 40C is that it per- 
mits the individual images to be 
larger than does either the horizontal 

N1 ELECTRON 
GUN 

ENLARGED PORTION 
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FIG. 41. The tri.Chromoscope. 

or the vertical arrangement. Further, 
it makes it possible to use a fourth 
color-yellow, say-if it is found that 
use of a fourth color will improve the 
appearance of the final image. 

A good feature of this color system 
is that it uses only one picture tube 
to produce a full -color image electron- 
ically. On the other hand, very little 
of the face of the picture tube is ac- 
tually used, and a fairly expensive 
optical system must be used to re- 
combine the images. However, this 
arrangement does offer one possible 
approach to the problem of getting 
color television without the use of 
mechanical moving parts. 

COLOR SCREENS 
A basic attack on the problem of 

getting color pictures is an explora- 

tion into materials that can be made 
to fluoresce directly in different colors. 
The original cathode-ray tubes used 
screens that produced green images, 
and it was soon discovered that other 
fluorescent materials could be made 
to produce yellow or blue images di- 
rectly. As a matter of fact, our pres- 
ent-day white image is the result of 
a combination of several of these 
fluorescent materials so that the blue 
and yellow lights balance to produce 
white. 

Therefore, since it is possible with 
materials known today to get a green 
and a blue, attempts are being made 
to find a material that will fluoresce 
red. Unfortunately, even the green 
and blue images produced have mostly 
been pastel rather than brilliant colors, 
but it is quite possible that a chemist 
will some day come up with fluores- 
cent materials that will give brilliant 
primary colors. When such mate- 
rials have been found, some method 
must be devised to make the electron 
beams of the picture tube strike the 
proper screen at the right time. There 
are two basic arrangements that have 
been suggested for this. 

The Tri-Chromoscope. One of 
these systems, shown in Fig. 41, uses 
a single screen and three separate 
electron guns. Each of the guns is 
modulated separately by the signal 
corresponding to one of the colors, 
and each scans the screen or mosaic 
on the face of the tube from a different 
angle. Magnetic deflection yokes on 
all three guns are driven in series from 
one single deflection generator so that 
the three beams can be held in syn- 
chronism. 

The mosaic screen surface is made 
in a series of three -sided pyramids. 
The surfaces of the pyramids are ar- 
ranged so that the beam from any one 
gun strikes only one side of each pyra- 
mid. All of the sides facing in one 
direction are coated with the same 
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color phosphor; but, of course, there 
is a different phosphor on each of the 
three sides of any one pyramid. 

Thus, each pyramid on the mosaic 
screen of the picture tube consists of 
three separate areas of different mate- 
rials of such a nature that each will 
glow with a different color. To pre- 
vent secondary electrons from one 
phosphor from exciting adjacent phos- 
phors of different colors, a metallic 
backing is applied over the phosphors. 

In manufacturing the tube, the 
pyramidal shapes are molded into the 
back surface of the glass face of the 
tube. The different color phosphors 
are then settled into place one at a 

sort. However, the tube used is rela- 
tively expensive, since three complete 
gun structures are necessary, and the 
special mosaic must be carefully made. 

The Chromoscope. Another ap- 
proach to the same basic idea is that 
shown in Fig. 42. This tube is much 
more like the standard tubes with 
which we are familiar in that it has 
only one electron gun. Instead of hav- 
ing just one screen, however, the tube 
has four. Three of them are coated 
with phosphors that will produce the 
primary colors. The fourth screen- 
the one nearest the gun-is purely a 
guard screen and may be just a metal 
backing on the others. 

FIG. 42. The Chromoscope. 

time. When one phosphor is to be 
settled, the tube is oriented so that 
all the pyramid faces on which that 
phosphor is to be deposited are hori- 
zontal. A solution containing the 
phospher is then poured into the tube, 
the phosphor is allowed to settle out 
of solution, and the remaining liquid 
is poured out. The phosphor adheres 
only to the horizontal faces. The tube 
is then rotated 120°, and the next 
color phosphor is applied in the same 
manner. 

In this system, the colors are re- 
produced directly on the screen sur- 
face of the picture tube. It is there- 
fore a direct color system and involves 
no expense for filters or lenses of any 

The color screens are made on a 
mesh material similar to screen wire, 
the openings in the meshes being large 
enough to pass light. Each screen is 
coated by a very thin coating of fluo- 
rescent material. A different material 
is used for each screen, of course, so 
that the proper color will come from 
each. 

When this tube is in operation, a 
high positive potential is applied to 
the various screens in sequence. At 
any instant, the high potential is ap- 
plied to one screen and the others are 
kept at low potentials. The electron 
beam strikes all three simultaneously 
through the openings in each succeed- 
ing screen. However, electrons are 
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slowed down by low potentials and 
speeded up by high potentials. There- 
fore, electrons will have sufficient ve- 
locity to excite (cause light from) 
the screen that has the high positive 
voltage on it, but will be slowed down 
and produce but little light from the 
other screens. Therefore, the proper 
colors can be produced by arranging 
for the proper screen to be connected 
to the high -voltage supply at the 
right time. 

A tube of this kind uses the same 
gun structure as the present-day types 
and differs from them only in the 
screen. Therefore, the cost of this tube 
should not be much greater than pres- 
ent ones, providing the fluorescent 
materials are not overly expensive and 
no great difficulty is encountered in 
depositing them on the screens and in 
subsequently assembling the screens. 

The difficulty in designing a set to 
use this tube will be mostly in obtain- 
ing a voltage switching system and a 
suitable control pulse to actuate it. 
This arrangement is most readily 
adapted to a frame sequential system. 

We have been able to do little more 
than describe in brief form the pos- 
sible color television systems, because 
none of them has yet been made com- 
mercially available. However, as soon 
as one or more of the systems can be 
produced economically (with respect 
to both the transmitter and the re- 
ceiver), and as soon as it is decided 
whether to permit color systems to 
require separate receivers or to insist 
that they be capable of producing a 
picture on a black -and -white receiver, 
we can expect a spurt of further de- 
velopment in these fields. 
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Lesson Questions 
Be sure to number your Answer Sheet 58RH-3. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. In a remote control system, why is it necessary to use a coupler stage to 
feed the signal from the video detector to the coaxial line connecting the 
control unit to the picture unit? 

2. When a number of duplicators are connected to the same video -frequency 
coaxial line, which one uses the line -matching resistance? 

3. If the full screen area of a picture tube is to be used to reproduce an image, 
what compromise must be made? 

4. What two effects are produced when a magnifying lens is moved farther 
away from the face of a picture tube, assuming that the separation be- 
tween the lens and the tube is kept less than the focal length of the lens? 

5. What is the purpose of the corrector lens in a Schmidt lens system? 

6. Why is the center of the spherical mirror in a Schmidt system made non - 
reflective (black) ? 

7. Why is the reflective coating placed on the face of a spherical mirror instead 
of on the back as in an ordinary home mirror? 

8. Why should cleaning fluids be avoided when cleaning a plastic correcting 
lens in a projection system? 

9. If a light filter in front of a picture tube reduces the light passing through 
it by half, why does it reduce the ambient light reflection to one quarter? 

10. If the present 6 -mc. black and white channel is to be used for color, and 
either the number of frames or the number of lines are increased, what 
must be sacrificed? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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When a competitor opens a shop in your neighbor- 
hood, your first reactions are probably the same as 
those of most people-you feel that he is "cutting in" 
on your trade and that, by fair or foul means, he 
may run you out of business. However, there is an- 
other view to take of this problem. 

First, forget your fears! A mind frozen by mis- 
trust and hate is incapable of reasoning; it will lead 
you to the very downfall you fear. Face the facts: 
someone else is in the same business, so you must 
make your services so much better than his that you 
get your share of the work. 

Welcome the competition as a spur-something to 
force you to your best efforts-something to make 
you become more careful, more efficient, more alert. 
You will find that honest competition adds enjoyment 
to your work. 

And, another thing, force your competitor to rise 
to your level to survive-don't stoop to his. Do your 
best work and you'll find that your fears were not 
justified-there is plenty of business for the man 
who can deliver the goods! 
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HOW TV ANTENNAS WORK 

ANTENNAS are once again impor- 
tant to the radio man. Just as 

every AM broadcast radio receiver 
once required a good antenna to bring 
in a signal, so now do television re- 
ceivers require good antennas-some- 
times even very elaborate ones. 

By radio AM broadcasting stand- 
ards, the signal strength in the service 
area of a television transmitter is 
extremely high. However, the trans- 
mitted signal covers such an extremely 
wide frequency range-almost 6 mega- 
cycles - that a television receiver 
must tune very broadly to accept it. 
Consequently, it cannot have as much 
amplification as a regular broadcast - 
band receiver does. This means that 
a relatively strong signal must be fed 
into the receiver from the antenna for 
the set to work properly; as a result, 
it is usually necessary to have an 
antenna that will be as efficient as 
possible in picking up signals. 

As a matter of fact, in a great many 
cases, the success or failure of a tele- 
vision receiver installation depends 
largely on the type of antenna equip- 
ment that is used and on the location 
at which the antenna is installed. In 
a relatively few locations that are 

close to television transmitters, there 
is usually enough signal strength so 
that a simple antenna will work satis- 
factorily. In general, however, it is 
best to be very careful to choose the 
right antenna and install it properly 
if the customer is to get a satisfactory 
picture. No matter how expensive or 
well built a television receiver is, it 
will not work well unless the antenna 
gives it a satisfactory signal. 

Let's see what requirements a tele- 
vision antenna must meet. 

BASIC REQUIREMENTS 
As you know, two frequency bands 

are now assigned to television. The 
low -frequency band extends from 54 
to 88 megacycles, and the high -fre- 
quency band extends from 174 to 216 
megacycles; the frequencies between 
the two bands are assigned to f.m. 
stations and to other services. (A 
third band in the u.h.f. region between 
480 and 920 mc. may soon be opened 
to television.) The large metropolitan 
areas usually have at least two sta- 
tions in each band. Locations that are 
less thickly populated may have only 
one or two stations, both of which 
may or may not be in the same band. 
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Naturally, the owner of a tele- 
vision set wants to pick up every 
station he can reasonably expect to 
get. If he lives where stations transmit 
in both bands, he will want to receive 
both bands, or at least those portions 
of them containing the local stations. 
An antenna installation for such a 
location, therefore, must have a fre- 
quency response that is broad enough 
to cover all the desired channels. Usu- 
ally the signal strength in such a 
metropolitan area is great enough so 
that the antenna gain is not the major 
consideration; however, the gain 
should be as uniform as possible over 
all the frequencies covered. 

On the other hand, there are many 
locations at which it is barely possible 
to receive just one station. Wide fre- 
quency response is not as desirable in 
an antenna for such locations as is 
high gain. 

Sometimes it is desirable to pick up 
the frequencies between the two 
bands, sometimes not. If a television 
set is designed for f.m. reception also, 
of course its antenna should pick up 
the f.m. frequencies. If the set is 
not designed for f.m., however, it is 
desirable to have the antenna reject 
the frequencies in the f.m. band to 

prevent the possibility that image re- 
ception will cause interference between 
f.m. signals and television signals 
in the receiver. 

In many locations, the television 
antenna must be directional in its 
reception-that is, it must receive 
better in one direction than in the 
others. The usual reason for wanting 
directivity in a television antenna is 
that it helps prevent "ghosts," which 
are multiple pictures produced on the 
face of the picture tube when an an- 
tenna picks up signals from a station 
over different paths. We shall discuss 
ghosts in more detail later on. 

A television antenna that is to be 
mounted outside must be proof against 
corrosion and must be mechanically 
strong enough to stand winds and 
storms. It should also be so con- 
structed that it is relatively easy to 
mount and to orient in the desired 
position. 

Before we can say much about tele- 
vision antennas, it would be well for 
us to go further into the subject of 
the behavior of television signals. This 
will make it easier to understand the 
operation of the antenna as it re- 
ceives the signals. 

Behavior of TV Signals 
As you know, radio waves trans- 

mitted at broadcast frequencies either 
travel along the ground or bounce 
back and forth between the ground 
and the Kennelly -Heaviside layer. 
The former are called "ground waves," 
the latter, "sky waves." The very - 
high -frequency signals used in tele- 
vision, however, behave differently. 
They act more like light beams, the 
resemblance becoming more pro- 

nounced as the frequency is increased. 
By this, we mean that they are trans- 
mitted in relatively straight lines out- 
ward from the transmitting antenna: 
they do not bend around hills or other 
obstructions as do the AM broad- 
casting waves, nor are they reflected 
from the Kennelly -Heaviside layer as 
sky waves are. Therefore, television 
signals are often considered to be "line 
of sight"-which would mean, if it 
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were strictly true, that you could not 
receive television signals at any point 
unless you could see the transmitting 
antenna from the location of the re- 
ceiving antenna. (As we shall show a 
little later, this is not quite true.) 

As a result of this characteristic of 

TRANSMITTING RECEIVING 
ANTENNA ANTENNA 
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P2 
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FIG. 1. The slight refraction of TV sig- 
nals in air permits reception to be had 
over distances that are longer than the 

line -of -sight path. 

television signals, the distance over 
which a television signal can be re- 
ceived is severely limited. The dis- 
tance at which dependable reception 
can be obtained depends, of course, 
upon the height of the transmitting 
and receiving antennas; however, tele- 
vision broadcasts from the tower of 
the highest building in the world, the 
Empire State Building in the city of 
New York, can usually be picked up 
reliably only within a radius of about 
60 miles. 

An illustration of a true line -of - 
sight signal is shown in Fig. 1A. As 
you can see, the signals from the 
transmitter travel in a straight line, 
131; those that pass the receiving an- 
tenna continue on out into space and 
never return to earth. Notice that if 
either the transmitting or the receiv- 
ing antenna were slightly less ele- 
vated, the curve of the earth would 
interrupt the optical line of sight be- 
tween them and thus prevent recep- 
tion of the signals at the receiving 
antenna. 

As it happens, however, there is a 
certain amount of refraction (bend- 
ing) of v.h.f. radio signals in the air. 
As a result of this bending, television 
signals can travel slightly farther than 

they could if they were strictly line of 
sight. This is illustrated in Fig. 1B, 
where P2 is the curved path actually 
taken by the signals. Comparing the 
length of P2 with that of P11 you can 
readily see that the curved path per- 
mits signals to be received over a 
greater distance. The actual increase 
in receiving distance is not proportion- 
ally as great as is shown here, because 
the curve of the earth has been great- 
ly exaggerated in these drawings. 
However, the increase in receiving dis- 
tance caused by the refraction of 
v.h.f. signals is appreciable. 

The chart in Fig. 2 provides a con- 
venient way to determine the line -of - 
sight distance between the two an- 
tennas. Assuming normal transmis- 
sion strength and an average good TV 
receiver, reception within this area 
should be highly acceptable. Actually, 
reasonably reliable reception can be 
had beyond these figures for 
we have just explained. 

To use this chart, 
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FIG. 2. Chart for determining the maxi- 
mum line -of -sight distance between two 

antennas. 

height of the transmitting antenna in 
feet on the left-hand scale and the 
height of the receiving antenna in feet 
on the right-hand scale. Lay a ruler 
or other straight edge across the two 
marked points. The point where the 
ruler intercepts the center scale shows 
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the distance in miles over which line - 
of -sight reception is possible. 

If the area on which the transmit- 
ting antenna is erected is at the same 
height above sea level as the area on 
which the receiving antenna is erected, 
you should use the height above 
ground of the two antennas in com- 
puting the line -of -sight distance. Sup- 
pose, for example, that the transmit- 
ting tower is 400 feet tall, that the 
receiving antenna is 50 feet above the 
ground, and that the ground level at 
both locations is the same with respect 
to sea level. If you lay out these two 
distances on the chart and lay a ruler 
between them, you will find that the 
line -of -sight distance between them is 
38 miles. 

If there is a difference in the aver- 
age height above sea level between 
the two areas at which the antennas 
are erected, this difference should be 
added to the height of the antenna at 
the higher location. Suppose, for ex- 
ample, that the transmitting antenna 
is 400 feet high and is on a hill that 
is 225 feet higher than the level of 
the area on which the receiving an- 
tenna is erected. The transmitting 
antenna should now be considered to 
have an effective height of 625 feet. 
Laying out this height on the left- 
hand scale and 50 feet on the right- 
hand scale, you'll find that the line - 
of -sight distance is now increased to 
45 miles. 

Conversely, if the receiving antenna 
is on a hill, its effective height should 
be increased by the relative height of 
the hill in computing the corrected 
line -of -sight distance. There is one 
limitation that must be placed on this 
increase in effective height, however. 
The height of the hill or other eleva- 
tion can be added to the antenna 
height only if the area around the 
other antenna (the one that is not on 
a hill) is free of obstructions in the 

line -of -sight direction for a certain 
distance. 

For example, suppose the transmit- 
ting antenna is on a hill. For there 
to be an increase in its effective height, 
the area around the receiving antenna 
must be clear in the line -of -sight di- 
rection. To find out how far it must 
be clear, lay the ruler from 0 on the 
transmitting antenna scale to 50 (the 
height of the receiving antenna) on 
the receiving antenna scale. The cen- 
ter scale then shows a distance of 10 
miles, which is the distance from the 
receiving antenna in the line -of -sight 
direction (that is, along a line between 
the two antennas) in which there must 
be no obstructions. 

If the receiving antenna is on a hill 
and the transmitting antenna is not, 
you can find the distance from the 
transmitting antenna that will have 
to be clear by laying a ruler between 
400 (the height of the transmitting 
antenna) on the transmitting -antenna 
scale and zero on the receiving - 
antenna scale. This will give a dis- 
tance of 28 miles. 

If there are any obstacles between 
the two antennas, they will usually 
prevent reception if their width along 
the line -of -sight path is greater than 
one-half wavelength of the transmit- 
ted wave. If the width of the obstacle 
is less than a half wavelength, it will 
not interfere with the reception; the 
waves will bend around the obstacle 
and continue as though nothing were 
in the way. 

REFLECTIONS 
The waves used to transmit tele- 

vision signals can be reflected from a 
conductive material. If they strike a 
building, for example, they will be re- 
flected from the metallic structure of 
the building just as a light beam 
would be reflected from a mirror, with 
the angle of reflection being the same 
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as the angle of incidence. (Some pre- 
fer to consider that the metallic struc- 
ture of the building in such a case 
acts as an antenna that absorbs the 
waves and reradiates them. Whichever 
explanation you prefer, the effect is 
the same; the radio waves take on a 
new direction after striking the build- 
ing.) 

This re -direction of television sig- 
nals by conductors (or by natural 
objects containing conductive mate- 
rials, such as hills) is sometimes help- 
ful and sometimes extremely annoying 
for the man attempting to erect a 
receiving antenna. It is helpful in 
those cases in which it permits tele- 
vision reception at points where it 
would be impossible to receive signals 
without its aid. Suppose, for example, 
that there is a large building between 
the transmitter and the location at 
which you're attempting to install a 
television antenna. If you cannot get 
the receiving antenna above the ob- 
structing building, direct reception of 
television signals will be impossible. 
It may well be, however, that signals 
will be reflected from some other 
building and reach the receiving an- 
tenna along an indirect path. As a 
matter of fact, this is a very common 
occurrence in installations made in 
large cities. 

An example of another location at 
which a reflected signal is very help- 
ful is shown in Fig. 3. Here the re- 
ceiving antenna is located in a deep 
valley. As far as the direct signal 
from the transmitter is concerned, the 
antenna receives nothing. However, 
the water tower on the hill at the left 
of this figure is in the line of the direct 
signal, and since it is metallic, it re- 
flects the signal (or picks it up and re - 
radiates it, if you prefer) down into 
the valley to the receiving antenna. 

In such cases, reflected signals are 
certainly helpful. Suppose, however, 

that the location at which you are in- 
stalling a receiving antenna is such 
that you get a perfectly good signal 
directly from the transmitter but that 
you also get one or more reflected 
signals from the same station that 
traveled over different paths to reach 
the receiving antenna. Such a state 
of affairs is illustrated in Fig. 4. As 
you can see by examining this figure, 
the direct wave from the transmitter 
to the receiver travels through a con- 
siderably shorter distance than do any 
of the waves reflected from the vari- 
ous buildings to the receiver. 

Radio waves, even though they 
travel at the speed of light (186,000 
miles per second), require a measur- 
able length of time to get from one 
point to another. Therefore, the re- 
flected waves will arrive at the re- 

el-- SIGNAL FROM TRANSMITTER --a-- -a--a-- a-a--ar-=s-a- 
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FIG. 3. How a reflected signal may give 
reception at a location not reached by 

the direct signal. 

ceiving antenna a short time later 
than the direct wave, the time differ- 
ence depending on the relative lengths 
of the paths. A radio wave traveling 
at the speed of light moves at the 
rate of 985 feet per microsecond (a 
microsecond is a millionth of a sec- 
ond), so a wave that travels over a 
path that is approximately a thousand 
feet longer than the direct path would 
arrive at the receiving antenna a 
microsecond later than does the direct 
wave. 

This sounds like a very small inter- 
val of time, but its effect on a tele- 
vision receiver is quite appreciable. 
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The scanning beam of a 10 -inch pic- 
ture tube travels across the face of the 
tube at the rate of .133 inch per micro- 
second. Therefore, a reflected wave 
that reaches the receiving antenna one 
microsecond later than the direct 
wave produces a picture on the tube 
face that is .133 inch (or a little more 
than i/8 inch) to the right of the pic- 
ture produced by the direct wave. If 
you were looking at the tube, you 
would see the basic picture-that is, 
the one produced by the direct wave 
-on which would be superimposed 
another image of the same picture 
that was shifted about 1/s inch to the 
right. The effect would be quite no- 
ticeable and rather distressing. 

A multiple image of this sort is 
called a ghost. It is possible for there 
to be several ghosts if there are sev- 
eral reflecting paths-in fact, there 
can be one for each path. It is not 
necessary for the time difference be- 
tween the direct and the reflected sig- 
nal to be as great as a microsecond 
to produce a noticeable ghost: if the 
reflected wave arrives .19 microsecond 

later than the direct wave, the effect 
will be quite apparent. A time dif- 
ference of .19 microsecond means that 
the reflected wave has traveled .19 
times 985 (the number of feet per 
microsecond that a wave travels) or 
187 feet farther than the direct wave. 
As a matter of fact, a path difference 
of as little as 70 feet will produce a 
blurring of the right-hand edge of the 
picture, although no distinct ghost will 
be produced. 

Ghosts are always injurious to the 
quality of the received picture. The 
injury may be only slight if the 
strength of the reflected signal is low. 
If the reflected signal is as strong as 
the direct signal, however, the picture 
quality may be rather poor. If many 
ghosts are received, the effect may be 
to produce gray outlines of the picture 
rather than distinctly separate images. 

The only way that ghosts caused 
by multiple reception can be elimi- 
nated is to orient the antenna so that 
it picks up only one signal. This 
usually means that the antenna must 
be rather directive-that is, it must 
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Courtesy AVCO Mfg. Corp. 
FIG. 4. How reflected signals can cause multi -path reception, which may produce 

ghosts. 
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receive much better in one direction 
than in others. We shall learn more 
about this later on. 

We pointed out earlier that differ- 
ences in path length between direct 
and reflected waves cause differences 
in the time of arrival of signals at the 
antenna, with the result that ghosts 
are produced. Any other effect that 
causes a time delay between the ap- 
plication of two signals to the receiver 
will also produce ghosts. For example, 
ghosting is sometimes also caused by 
reflections within the transmission 
line that connects the antenna to the 
receiver. Suppose that a 100 -foot 
transmission line connects the anten- 
na to the receiver. Suppose, too, that 
all of the signal sent down the trans- 
mission line to the receiver does not 
enter the receiver, but that part of it 
is instead reflected back up the trans- 
mission line to the antenna and then 
reflected down the line again to the 
receiver. (We shall describe the cause 
of such reflections later.) If this hap- 
pens, the part of the signal that went 
up and down the line will have trav- 
eled 200 feet more than did the signal 
that went straight down the line to 
the receiver. As we said before, a path 
difference of this length can cause an 
appreciable effect on the picture on 
the t.c.r. tube. 

POLARIZATION OF TV SIGNALS 
As you know, a radio wave consists 

of an electric field and a magnetic 
field that are at right angles to one 

another. In radio and television work, 
we usually consider only the electric 
field when we are discussing the direc- 
tion of the wave. Furthermore, we 
generally deal with a "plane -polar- 
ized" form of this field-that is, one 
that lies all in one plane, which may 
be at any angle to the earth's surface. 

You know from earlier Lessons that 
a voltage is induced in an antenna 
when it is in an electric field. If the 
antenna is in the same plane as the 
field, the voltage induced in it is a 
maximum; if it is at some angle with 
respect to the plane of the field, less 
voltage is induced in the antenna. 
Therefore, we get the maximum effi- 
ciency from an antenna if we orient it 
so that it is in the same plane as the 
electric field of the radio wave. 

Television signals are transmitted 
so that the electric lines of force of 
the wave are horizontal with respect 
to the earth's surface. For this reason, 
television signals are said to be "hori- 
zontally polarized." There are several 
reasons for using horizontal polariza- 
tion, chief of which is that most noise 
signals are vertically polarized. There- 
fore, a horizontal antenna will pick up 
television signals most efficiently, and, 
at the same time, will pick up noise 
signals poorly. For this reason, tele- 
vision antennas are almost always 
mounted horizontally. 

Now, let's learn something about 
the basic antennas that are used to 
receive television signals. 
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Types of TV Antennas 
Before we start to discuss actual 

television antennas, we should review 
the subject of radiation patterns, 
which you studied earlier in your 
Course. The radiation pattern of an 
antenna is an important part of the 
description of the antenna, so it is 
worth while to take a moment to re- 
fresh your memory on the subject. 

Briefly, the radiation pattern of an 
antenna is a graph that shows how 
well the antenna receives from each 
direction in any given plane. Since 
television signals are horizontally po- 
larized, the radiation patterns we are 
going to show in this Lesson will be 
the patterns for the horizontal plane. 
In other words, each pattern we give 
will show how well the antenna for 
which it is drawn picks up horizontal- 
ly polarized television signals coming 
from any direction. 

FIG. 5. The common figure -8 radiation 
pattern. 

A very common radiation pattern, 
usually called a figure -8 pattern be- 
cause of its shape, is shown in Fig. 5. 

For the sake of clarity, we have not 
shown the antenna that possesses this 
pattern; usually, however, it is drawn 
in to show the orientation of the pat- 
tern with respect to the antenna. 

To understand the meaning of this 
plot, imagine that you draw a straight 
line from point A in any direction. 
The length of this line between point 
A and the point where the line hits 
either circle is a measure of the re- 
ceiving ability of the antenna for tele- 
vision signals coming along that line. 
As you can see, it is possible to draw 
a straight line from A in such a way 
that it does not strike either circle. 
This means that the antenna will not 
pick up signals from that direction at 
all. Lines drawn in other directions 
from A will be of varying length when 
they intersect the edge of the circle. 
In each case, the length of the line will 
show how well the antènna picks up 
from that direction; the longer a 
given line is, the better the antenna 
pickup will be for a signal coming 
along the direction of the line. For 
example, a signal coming from the 
direction of point 1 will be picked up 
better than will be one coming from 
the direction of point 2. 

Although the parts of the radiation 
pattern in this example are circles, it 
is perfectly possible-in fact, much 
more common-for them to have other 
and less regular shapes. Whatever its 
shape, each part of a radiation pat- 
tern is called a "lobe." 

Now let's discuss each of the major 
kinds of television receiving antennas, 
starting with the dipole. 

DIPOLE 
The dipole antenna consists of two 

cylindrical metal rods mounted so 
that they are in line with one another 
but not in contact (Fig. 6A) . As you 
learned earlier in your Course, an 
antenna of this sort acts as if it con- 
sisted of many small elements of in - 
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ductance and capacity connected as 
shown in Fig. 6B. 

An exact mathematical analysis of 
the behavior of a dipole is both diffi- 
cult and complicated. Fortunately, 
it is not necessary to make such an 
analysis for our purposes. As a prac- 
tical matter, we can consider a dipole 
(or any receiving antenna, for that 
matter) to be a generator having an 
impedance ZA, as shown in Fig. 6C. 
Of course, the energy furnished by 
this "generator" is actually induced 
in it by the television signal, so it has 
the characteristics of the received 
signal. 

The impedance ZA of the antenna 
depends upon the length of the an- 
tenna with respect to the wavelength 
(A) of the signal being received. If 
the antenna is exactly half a wave- 
length (A/2) long, its impedance is 
approximately 73 ohms; if it is a 
wavelength (A) long, its impedance is 
approximately 2000 ohms; and if it 
is 3/2 wavelengths (3d/2) long, its 

FIG. 6. A dipole antenna and its elec- 
trical equivalents. 
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FIG. 7. A two -conductor transmission 
line passes signal currents (black arrows) 
from the dipole to the receiver but tends 
to cancel signals picked up by the line 

itself (white arrows). 

impedance is approximately 90 ohms. 
In each of these cases, the impedance 
is a pure resistance. If the wavelength 
of the received signal is such that the 
antenna is between A/2 and A long, 
its impedance is a combination of 
inductance and resistance having a 
value between 73 and 2000 ohms; if 
it is between A and 3A/2 long, its im- 
pedance is a combination of capacity 
and resistance having a value between 
2000 and 90 ohms. (Incidentally, the 
easiest way to determine the length 
in inches of one half wave in free 
space at the desired frequency is to 
divide 5900 by the frequency in mega- 
cycles.) 

A dipole antenna is connected to a 
receiver through a 2 -conductor trans- 
mission line, as shown in Fig. 7. As 
the black arrows in this figure show, 
the flow of signal current through the 
two conductors of this line is in oppo- 
site directions at any instant. 

Because the two conductors are 
closely spaced, however, any currents 
that flow in them because of direct 
pickup of a television signal by the 
line itself are in the same direction in 
each at any instant, as shown by the 
white arrows. These latter currents 
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flow through the antenna transformer 
of the receiver in opposite directions 
and cancel. Therefore, they produce 
no effect at the input of the set. Thus, 
the television signal delivered to the 
set is picked up only by the dipole; 
the length of the transmission line 
theoretically does not affect the signal 
pickup. There are practical reasons 
for keeping the transmission line as 
short as possible, however. We shall 
discuss these later in this Lesson. 

Radiation Patterns. The radiation 
pattern of a dipole that is X/2 long 
with respect to the received signal is 

shown in Fig. 8A. As you can see, this 
is the figure -8 pattern we discussed 
earlier. We have drawn in the dipole 
to show its orientation with respect 
to the pattern. 

This figure shows that there is no 
pickup off the ends of the dipole and 
maximum pickup at right angles to it. 
The fact that both halves of the pat- 
tern are the same size shows that the 
antenna picks up equally well from 
the front and the back. 

Engineers measure the pickup of 
any antenna by comparing it to that 
of a simple dipole of this sort. There- 
fore, the maximum pickup of this 
antenna, which is indicated by the 
lines drawn from the center of the 
dipole to the farthest part of the pat- 
tern, is assigned the value 1. 

The "dimple" in the radiation pat- 
tern shown by the dotted lines in Fig. 
8A shows what happens if the wave- 
length of the received signal is some- 
what shorter than that for which the 
dipole was cut. Notice that reception 
at right angles to the dipole becomes 
worse. 

If the wavelength of the received 
signal is twice that for which the di- 
pole was cut (that is, if the dipole is 
X long for the received signal), the 
antenna has the radiation pattern 
shown in Fig. 8B. This pattern has 
four elongated lobes, which are at the 
angles shown with respect to the di- 
pole. There is no pickup off the ends 
or directly front or back from the 
dipole as far as signals of this wave- 
length are concerned. 

The two small dotted lobes at right 
angles to the dipole in this figure show 
how the radiation pattern begins to 
change for signals of still shorter 
wavelength. As the wavelength of the 
received signal becomes shorter, with 
the dipole remaining the same physi- 
cal length, new lobes begin to appear 
at right angles to the dipole. When the 
wavelength of the received signal be- 
comes so short that the dipole is 3X/2 
long, the radiation pattern has the 
shape shown in Fig. 8C. Notice that 
the reception at right angles to the 
dipole is as good as it is for a half - 

FIG. 8. In these illustrations of the radiation patterns of a dipole as a half -wave, full - 

wave, and three -half -wave antenna, the dipole remains the same physical length, but 
the frequency of the signal it is receiving changes. 
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wave dipole and that the reception 
at angles of 42° from the dipole is 
even better: the center line of each of 
these side lobes has a value of 1.4, 
meaning that pickup in these directions 
is 1.4 times as great as the maximum 
pickup of a half -wave dipole in its 
most favored directions. In other 
words, the pickup in the directions of 
the side lobes is about 2 db greater 
than the pickup at right angles to a 
half -wave dipole. 

Remember, each dipole shown in 
Fig. 8 is the same length in terms of 
inches. Its length in terms of wave- 
lengths increases only because the 
wavelength of the received signal 
decreases. 

If the wavelength of the received 
signal becomes even shorter, more 
lobes will appear in the radiation pat- 
tern; each time the dipole becomes 
X/2 longer, one more lobe will be pro- 
duced on each side of the antenna. 

If a dipole is used to pick up signals 
for which it is less than X/2 long, its 
radiation pattern is a figure 8, just as 
it is for X/2 operation. However, the 
lobes of the pattern are somewhat 
smaller than are those of X/2 pattern, 
which means that the amount of pick- 
up is less but that the directions of 
best pickup are the same. 

Because of the distribution of the 
frequencies assigned to television sta- 
tions, we are chiefly interested in the 
operation of dipoles when they are 
shorter than X/2, exactly X/2, or 3X/2 
long. A dipole cut to be a/2 long for 
channel 2 (54-60 mc.) will be only 
about 3X/4 long for channel 6 (82-88 
mc.) and approximately 3X/2 long for 
channel 7 (174-180 mc.). It will be X 

long somewhere in the region between 
the two television bands, which is as- 
signed to other services. In fact, a 
dipole that is cut to be X/2 long for 
any low -band channel will be more 
than X long for any high -band channel. 

FIG. 9. A dipole can be considered to be 
a resonant circuit. 

This relationship between the wave- 
lengths of the lower and upper bands 
is the reason why it is often possible 
to use a single antenna to get recep- 
tion on both bands even with trans- 
mitters in different locations. If we 
use a dipole cut for the low band and 
find it possible to orient it so that its 
center lobe is toward the low -band 
stations and its side lobes are toward 
the high -band stations, signals from 
both can be received efficiently. In 
the city of Washington, D. C., for 
example, there are many locations 
where it is possible to receive all four 
local stations (which operate on chan- 
nels 4, 5, 7, and 9) with a single 
dipole. 

Now that you are familiar with the 
basic television antenna, the simple 
dipole, we can proceed to study more 
complex kinds. Before we do, however, 
let us mention one thing more. We 
said earlier that a dipole could be con- 
sidered to be a generator having an 
internal impedance ZA. It is also pos- 
sible, and sometimes much more con- 
venient, to consider it to be a series 
resonant circuit with an inductance 
L, a capacity C, and a resistance RA, 
as shown in Fig. 9. The values of L 
and C are such that the circuit is 
resonant at the frequency for which 
the antenna is X/2 long. In the rest 
of this Lesson, we shall consider an 
antenna to be either a resonant circuit 
or a generator, whichever is the better 
as a means of making it easier for you 
to understand the action of a particu- 
lar antenna. 
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FOLDED DIPOLE 
A common form of television an- 

tenna known as the folded dipole is 
shown in Fig. 10. It consists of a 
single rod or tube that is bent into the 
shape shown. In use, the antenna is 
mounted in a vertical plane with its 
long sides parallel to the earth and 
with the unbroken long side on top. 
The transmission line is connected to 
the two ends of the antenna as shown. 

Such an antenna has the same radi- 
ation pattern as does a simple dipole 
that is half as long as the perimeter 
of the folded dipole. For example, a 
dipole cut for channel 2 (54 to 50 
mc.) will be about 8.2 feet long. A 

You may wonder why we should 
bother to use a folded dipole, since 
we can always find a simple dipole 
that will be its equal as far as radia- 
tion pattern is concerned. There are 
two reasons: first, the folded dipole 
has a higher impedance than a simple 
dipole has at resonance; and second, 
the folded dipole has a somewhat 
broader frequency response than its 
equivalent simple dipole has. 

The impedance of a folded dipole 
depends upon the spacing between its 
two long sides. The usual kind is made 
with a spacing of about Jß./64, which 
gives it an impedance of approxi- 
mately 300 ohms -4 times as great as 

L5TRANSMISSION 
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LENGTH BETWEEN THESE POINTS SAME AS 
OVERALL LENGTH OF SIMPLE DIPOLE. 

FIG. 10. A folded dipole antenna. 

folded dipole made by bending a rod 
16.4 feet long will have the same radi- 
ation pattern at the channel 2 frequen- 
cies; in fact, as far as the radiation 
pattern is concerned, we can consider 
the two to be the same thing at all 
frequencies. In other words, the two 
will resonate to the same frequency 
and have identical radiation patterns. 

We can, therefore, find out all we 
want to know about the radiation pat- 
tern of any folded dipole by studying 
the pattern of a simple dipole that is 
resonant to the same frequency, mean- 
ing one that is half as long as the 
perimeter of the folded dipole. Or, 
if we wish to make a folded dipole 
that will have the same radiation pat- 
tern as a particular simple dipole, we 
can do so by making it out of a rod 
that is twice as long as the simple 
dipole. 

that of a simple dipole-at resonance. 
As it happens, 300 ohms is the imped- 
ance of one very commonly used kind 
of transmission line; therefore, a 
folded dipole can be perfectly imped- 
ance -matched to such a line for the 
frequency to which the dipole is reso- 
nant. 

We shall discuss the importance of 
impedance matching at length a little 
farther along in this Lesson, but right 
now we might point out that a proper 
impedance match between the an- 
tenna and the line permits a maximum 
transfer of power from the antenna to 
the line. (You are already familiar 
with the fact that a maximum trans- 
fer of power from a source to a load 
occurs when the two have the same 
impedance; in this case, we can con- 
sider the antenna to be a source and 
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the transmission line to be a load.) 
This means that a folded dipole will 
deliver a stronger signal to a receiver 
than a simple dipole will, even though 
the amount of signal each picks up is 
the same, if a 300 -ohm transmission 
line is used with each. (There is also 
a kind of transmission line that has 
a 72 -ohm impedance and therefore 
matches a simple dipole perfectly; 
however, as you will learn later in 
this Lesson, there are often reasons 
for preferring a 300 -ohm line even 
when the antenna is a simple dipole.) 

We mentioned earlier that the im- 
pedance of a simple dipole depends 
upon the frequency of the incoming 
signal, since it is this frequency that 
determines whether the antenna will 
be A/2, X, 3À/2, or some other length. 
At frequencies above resonance the 
impedance of a dipole increases rather 
rapidly. The impedance of a folded 
dipole also depends upon the fre- 
quency of the incoming signal; over 
a fairly wide range of frequencies 
above resonance, however, its imped- 
ance does not change as much as that 
of a simple dipole does. In other words, 
the impedance of a folded dipole is 
more nearly constant than that of a 
simple dipole over a range of frequen- 
cies above resonance. 

To see what the practical effect of 
this fact is, suppose that we have a 
simple dipole and a folded dipole, 
each of which is perfectly matched to 
its own transmission line. With re- 
spect to the amount of signal power 
delivered to a receiver, these two an- 
tennas will be the same at their reso- 
nant frequency. At frequencies above 
resonance, the impedances of each will 
change; consequently, neither will be 
perfectly matched to its transmission 
line, and the amount of power each 
will deliver to a receiver will there- 
fore decrease. Since the relative im- 
pedance change of the dipole will be 

greater than that of the folded dipole, 
however, the mismatch between the 
dipole and its line will be greater. For 
this reason, the power that the dipole 
will deliver to a receiver will decrease 
faster at off -resonance frequencies. 
Over a range of frequencies above 
resonance, therefore, a folded dipole 
will furnish more power to a receiver 
than a simple dipole will. 

For this reason, engineers say that 
a folded dipole has a wider frequency 
response than a dipole has. This does 
not mean that the folded dipole picks 
up over a wider range than a simple 
dipole does-their pickup is the same 
at all frequencies, since they have the 
same radiation patterns. What it does 
mean is that a folded dipole and its 
transmission line will deliver more 
power to a receiver than a dipole and 
its transmission line will over a range 
of above -resonance frequencies. 

This effect does not hold at all fre- 
quencies, because the impedance of a 
folded dipole rises very sharply at 
frequencies near twice its resonant 
frequency - that is, at frequencies 
where it is approximately equal to a 
A. antenna. As we saw earlier, how- 
ever, A. antennas are not particularly 
important in television, because the 
frequency for which a lowband an- 
tenna is a, long occurs in the band be- 
tween the two television bands. 

At 3 times its resonant frequency 
(that is, at a frequency for which it is 
the equivalent of a 3X/2 antenna), a 
folded dipole has an impedance of 
about 400 ohms. It has a somewhat 
wider response than a simple dipole 
at frequencies greater than this, 
though the effect is not as marked as 
it is at frequencies close to resonance. 

F.M. RECEPTION 
Many television sets are designed 

to be f.m. receivers also. The antenna 
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used with such a set must be able to 
pick up signals in the f.m. band (88- 
108 mc.) as well as those in the tele- 
vision bands. From what we said 
earlier, a dipole cut to be X/2 long 
for channel 2 is between 3X/4 and X 

long for signals in the f.m. band. This 
means that its impedance is high, and, 
consequently, there is a considerable 
mismatch between the antenna and 
the transmission line at these fre- 
quencies. 

Fortunately, however, an f.m. set 
can be made to be much more sensi- 
tive than a television receiver is. In 
spite of this mismatch and consequent 
loss of power, therefore, the f.m. sec- 
tion of an f.m.-television set can gen- 
erally be operated even by an antenna 
that is cut for channel 2. For this rea- 
son, it is usually possible to use the 
same antenna for both television and 
f.m. reception. 

DIPOLES WITH PARASITIC 
ELEMENTS 

A parasitic element is a metal rod 
or wire that is mounted near an an- 
tenna for the purpose of changing the 
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FIG. 11. A plain dipole with reflector. 

antenna's radiation pattern. Such an 
element is not connected to the trans- 
mission line, which is the reason why 
it is called parasitic. It produces an 
effect on the radiation pattern of the 
antenna because it picks up the signal 
and re -radiates it, changing its phase 
in the process. This re -radiated sig- 
nal is then picked up by the antenna. 

The antenna therefore has two signals 
induced in it, one the original signal 
and the other the signal re -radiated 
from the parasitic element; these two 
may add to produce a stronger com- 
bined signal or partially cancel to 
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FIG. 12. The radiation pattern for a 
dipole and reflector of the dimensions 

shown. 

produce a weaker one, depending on 
the phase relationship between them. 
As a result, the radiation pattern of a 
dipole (or a folded dipole; remember, 
the two have the same radiation pat- 
terns) that has a parasitic element 
mounted near it is different from that 
of a dipole alone. 

The effect of a parasitic element on 
the radiation pattern of a dipole de- 
pends upon the length of the element 
(in terms of wavelength), its spacing 
from the dipole (also in terms of 
wavelength), and the frequency of the 
incoming signal. It is possible to get 
almost any desired pattern by choos- 
ing the proper element or combination 
of elements. 

One common use of a parasitic ele- 
ment is shown in Fig. 11. Here an 
element called a "reflector" is placed 
parallel to the dipole in the horizontal 
plane. The reflector is about 5% 
longer than the dipole. The spacing 
between the dipole and the reflector 
is usually X/4 at the frequency for 
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which the dipole is resonant, though 
sometimes spacings as close as .15 X 

are used. 
The radiation pattern at the reso- 

nant frequency for a dipole and reflec- 
tor spaced A/4 apart is shown in Fig. 
12. As you can see, the addition of 
the reflector increases the pickup of 
the dipole considerably on one side 
and decreases it considerably on the 
other, the decrease being on the reflec- 
tor side of the combination. If the 
spacing between them were less than 
X/4, the forward lobe would be even 
longer and somewhat narrower, and 
the backward lobe (the lobe on the 
reflector side of the antenna) would 
be smaller. 

Fig. 13 shows the radiation pattern 
for the combination when it is oper- 
ating at 3 times the resonant fre- 
quency (that is, when the dipole is a 
3X/2 antenna) . Notice that the spacing 
between the antenna and the reflector 
is now 3 X/4. This is explained by the 
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FIG. 13. The radiation pattern of a dipole 
and reflector operating as a three -half - 

wave antenna. 

fact that the spacing between them is 
fixed at X/4 when the antenna is 
erected; since the wavelength is only 
1/3 the original wavelength when the 
antenna is operating at 3 times the 
resonant frequency, the spacing, which 
is fixed in terms of inches, becomes 3 
times as great in terms of wavelength. 

As you can see, the center forward 
lobe is considerably larger and the 
center backward lobe is considerably 
smaller than they are in the radiation 
pattern of a dipole alone. The side 
lobes, however, are very nearly the 

FIG. 14. A dipole with director and 
reflector. 

same size as they are in the dipole 
pattern. 

Since the combination of a dipole 
and a reflector picks up much better 
in one direction than in another, par- 
ticularly at the resonant frequency, 
it is said to be a "directional" antenna. 
The combination can be made even 
more directional by adding another 
parasitic element on the opposite side 
of the dipole from the reflector and 
parallel to both of them (see Fig. 14). 
This element, which is called a "direc- 
tor," is about 4% shorter than the 
dipole and is spaced X/4 or less from 
it. The radiation pattern for a direc- 
tor -dipole -reflector combination at the 
resonant frequency is shown in Fig. 
15. Notice that the addition of the 
director lengthens and narrows the 
forward lobe and shortens the back- 
ward lobe. 

The impedance of a dipole is de- 
creased to about 60 ohms by the addi- 

15 



tion of parasitic elements spaced X/4 
from it. Its impedance can be brought 
back to about 72 ohms by reducing 
the spacing to something less than 
À/4. 

The increased forward pickup 
caused by adding parasitic elements 
to a dipole makes the combination 
very useful in areas that are some dis- 
tance from a television station. How- 
ever, such antennas are also very fre- 
quently used in areas where the signal 
strength is high; here, their decreased 
backward pickup is the characteristic 
that makes them desirable. In a loca- 
tion where there are strong reflected 
signals that cause ghosts in the pic- 
ture, a properly oriented parasitic 
array may be able to pick out the 
desired signal and ignore the reflected 
one, thus eliminating the ghosts. We 
shall go into this matter at greater 
length in another Lesson. 

Unfortunately, the increased direc- 
tivity and antenna gain produced by 
the use of parasitic elements are ac- 
companied by a decreased broadness 
in response. This is generally true of 

FIG. 15. Radiation pattern of a dipole 
with reflector and director. 

any directional antenna array, al- 
though some are worse than others in 
this respect. Some directional anten- 
nas have frequency responses so nar- 
row that they will not pick up equally 
all the frequencies in a 6 -me. tele- 
vision signal. This fact, of course, 
rules such antennas out for television 
use, no matter what their other char- 
acteristics may be. 

MULTIPLE -CHANNEL 
RECEPTION 

The antennas you have studied so 
far are the basic ones used in areas 
where the signal strength is high. 
There are several other kinds, which 
we shall discuss in a moment, but the 
great majority of installations use a 
dipole or a folded dipole, with or 
without parasitic elements. 

Naturally, the demand for television 
sets is greatest where television offers 
the greatest variety of entertainment; 
therefore, most receivers are located 
in areas where there are two or more 
stations. For such receivers, it is nec- 
essary to erect an antenna that will 
pick up all the available stations and 
preferably pick them up equally well. 

How complex such an antenna must 
be depends on the location. Many 
things must be taken into account, 
such as the signal strength in the area 
where the set is, the relative directions 
of the stations from the set, whether 
or not reflected signals are present at 
the location, the sensitivity of the set, 
how much electrical noise there is at 
the point where the installation is to 
be made: all these play a part in de- 
termining what antenna will be satis- 
factory. We shall study all these fac- 
tors and several others in this and 
succeeding Lessons. 

Generally speaking, the practice 
among servicemen making initial 
installations of sets is to use the sim- 
plest and least expensive antenna that 
will give reasonably good results. As 
a result, most set installers attempt 
first to use a dipole or a dipole with 
a reflector to pick up all the available 
stations. Very often it turns out that 
even a simple dipole will give ade- 
quate reception on both the low and 
high bands if the signal strength at 
the location is high. 
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We shall go into the question of 
selecting the proper antenna at some 
length in a later Lesson, so we shall 
not devote much time to it here. 
However, we shall give one example of 
conditions under which a dipole can 
be used to receive several stations. 

DIPOLE 

v.11 S 
í h \ c2 *S] 5 CHANNEL 5 

FIG. 16. How a dipole can be used to 
receive several stations. 

CHANNEL 9 
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\rj1 s a b 

This example is pictured in Fig. 16. 
Notice that there are four stations 
shown: one on channel 2, one on 4, 
one on 5, and one on 9. The black 
arrows show the directions of the 
major lobes of the antenna radiation 
pattern for A/2 operation, and the 
white arrows show the major lobes for 
3 X/2 operation. 

If the dipole shown in this example 
is cut to be a X/2 antenna for the 
channel 4 frequency, it will be about 
a 3 X/2 antenna for channel 9. There- 
fore, in the location shown, it will 
have a maj or lobe pointing toward the 
channel 4 station and another point- 
ing toward the channel 9 station. 
There will also be a major lobe point- 
ing toward the channel 2 station: re- 
member, an antenna operating at a 
frequency less than that for which it 
is a X/2 antenna has a radiation pat- 
tern that has the same shape as its 
X/2 pattern, although the lobes are 
smaller. Finally, since the antenna is 
X/2 long for channel 4, it is reason- 
ably close to being a X/2 antenna for 
channel 5; the channel 5 station will 
therefore be picked up also, though 
perhaps not quite as strongly as the 
others. 

Notice that a reflector could not be 
used with this antenna because one 
station is on the opposite side of the 
antenna from the others. The effect 
of a reflector, as you saw earlier, is 
to reduce the pickup on its side of the 
antenna very strongly. If we used a 
reflector on the channel 2 side of the 
antenna in this example, therefore, 
the channel 2 station would not be 
picked up if it were at some distance 
from the receiver. If all the stations 
were on the same side of the antenna, 
however, the use of a reflector might 
well result in improved pickup of all 
of them. 

A simple dipole could be used in 
this example, but a folded dipole 
would probably be a better choice. 
The reason is that the channel 5 sta- 
tion is being picked up mostly because 
it is fairly near the frequency for 
which the antenna is cut. Since a 
folded dipole has a somewhat wider 
frequency response than a simple di- 
pole has, the former would probably 
give better reception of the channel 
5 station. Then, too, we would get a 
better impedance match to a 300 -ohm 
line if we were to use a folded dipole, 
with the result that the signal applied 
to the receiver would be better for 
all stations. 

Of course, stations are not always 
located so conveniently with respect 
to the major lobes of the radiation 
pattern of a dipole antenna. If both 
low -band and high -band stations are 
to be picked up, a dipole will not be 
very satisfactory unless it can be 
oriented so that it will pick up the 
low -band stations as a X/2 antenna 
and pick up the high -band stations 
as a 3 X/2 antenna. It often turns out 
that such an orientation is impossible, 
particularly if a station on channel 
11, 12, or 13 is to be picked up - 
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stations up at this end of the high 
band are harder to pick up than are 
those operating at lower frequencies. 

One way to solve this problem is 
to use two antennas, one that will 
be a A/2 antenna for the low band and 
one that will be a a/2 antenna for the 
high band. Fig. 17 shows two com- 
mon forms of such antennas in which 
a single mast is used to support both. 
The one shown in Fig. 17A consists 
of two simple dipoles and reflectors; 
the one in Fig. 17B is exactly the same 
except that the antenna elements are 
folded dipoles. 

Courte8y JFD Mfg. Co., Inc. 
FIG. 17. Examples of two -band antennas. 

In most installations, these anten- 
nas are connected to the same trans- 
mission line. A few sets have an input 
designed to accept two transmission 
lines; when an antenna combination 
of this sort is used with one of these 
sets, separate transmission lines are 
run from the antennas to the set. A 
switch within the set automatically 
connects the proper line and antenna 
to the input circuit when the channel 
selector switch is turned. 

When both antennas are connected 
to the same line, interaction between 
them is prevented by connecting them 
with a piece of transmission line that 
is X/4 long at the frequency to which 
the low -band antenna is resonant; 
you will learn later in this Lesson 
what the effect of such a line is. In 
some locations, this method of isolat- 
ing the two antennas is not effective: 

Courte8y American Phenolio Corp. 
FIG. 18. Another form of two -band 

antenna. 

signals picked up by one of the ele- 
ments are re -radiated and picked up 
by the other, with the result that 
ghosts are formed in the picture. 
Sometimes re -orientation of one of 
the elements or relocation of the whole 
antenna will prevent this from hap- 
pening. If not, some other form of 
antenna must be used. 

Because of its wider frequency re- 
sponse, the folded -dipole form of this 
antenna combination shown in Fig. 
17B is usually preferred to the simple - 
dipole kind shown in Fig. 17A. Both 
kinds are very common, however. 

One feature of both these antennas 
is that the high -band and low -band 
sections can be oriented in different 
directions if it is desirable to do so. 

Antennas like these are almost in- 
variably equipped with reflectors, 
which, of course, makes them uni- 
directional in their pickup. If it is 
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FIG. 19. How the response of the antenna 
shown in Fig. 18 compares with that of 

a dipole over the low band. 
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FIG. 20. How the response of the antenna 
shown in Fig. 18 compares with that of 

a dipole over the high band. 

necessary to use bidirectional antennas 
at some location, the reflectors can be 
removed without much difficulty. 
Their response will be affected some- 
what if this is done, because the im- 
pedances of the antennas will change, 
but the effect on the performance of 
the antennas caused by this change 
will not be great. 

A somewhat different version of the 
antenna shown in Fig. 17B is illus- 
trated in Fig. 18. This is a widely used 
antenna. Here the high- and low -band 
antennas as well as the low -band 
reflector are in the same horizontal 
plane; the low -band folded dipole is 
the reflector for the high -band an- 
tenna. 

Fig. 19 shows how the pickup of this 
antenna compares with that of a 
standard dipole on the low band from 
54 to 88 mc. For each channel, the 
pickup of a folded À./2 dipole tuned 
to that channel is taken as the stand- 
ard. The curve shows how many db 
up or down the pickup of the antenna 
is for each channel, using this stand- 
ard value as 0 db. Thus, the pickup 
of the antenna is greater than that of 
the standard dipole at all frequencies 
for which the curve is above the 0 db 
line. 

As you can see from Fig. 19, the 
antenna has a greater pickup than a 
standard dipole over most of the low 
band, but its pickup is less than that 
of the standard dipole at the extreme 
ends of the band. 

Fig. 20 shows how the pickup of 
this antenna compares with that of a 
standard dipole over the high band. 
As you can see, the pickup of the an- 
tenna is better than that of the stand- 
ard dipole at all points in this band 
and is considerably better around 
channel 11. 

The radiation patterns for this an- 
tenna at low -band frequencies and 
high -band frequencies are shown in 
Fig. 21. Since the backward lobes are 
quite small, this antenna is very much 
one -directional; in fact, it cannot be 
used unless all the stations it is to 
pick up lie in the same general di - 
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FIG. 21. The radiation patterns of the 
antenna shown in Fig. 18 for the low and 

high bands. 
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rection from the receiver. Of course, 
it is always possible to use two or 
more of these antennas, orienting each 
for one station or group of stations, or 
to use an antenna rotator to point the 
antenna at the particular station 
wanted at the moment. (An antenna 
rotator is a small, slow -speed, reversi- 
ble motor that is coupled to the an- 
tenna mast in such a way that rota- 
tion of the motor will turn the an- 
tenna. The direction and amount of 
rotation of the motor are controlled 
by a switch or some other control de- 
vice at the receiver location. Thus, 
the person operating the set can easily 
orient the antenna to improve the 
reception. Antenna rotators will be 
described more fully in a later Les- 
son.) 

Rather than use combined antennas 
of the kind we have described, you 
can erect completely separate anten- 
nas for the high band and the low 
band, mounting them some distance 
apart to prevent interaction between 
them and running separate lines to the 
set. Unless the set is equipped to 
switch automatically from one line to 
the other, however, it will be neces- 
sary to bring the lines to a low -capaci- 
ty switch that can be used to connect 
the desired line to the set. 

Most commercially manufactured 
high -low antennas are cut so that 
each antenna resonates near the mid- 
dle of the band for which it is used. 
Each will then provide reasonably 
good coverage over its band. If there 
is only one station in each band in 
your vicinity, you can get better re- 
ception by using antennas cut specifi- 
cally for those stations. Some manu- 
facturers offer "custom-made" anten- 
nas of this sort. If the signal strength 
in the area is high, however, antennas 
that resonate near the middle of each 
band will usually be perfectly satis- 
factory. 

As a matter of fact, almost any 
form of dipole antenna is reasonably 
satisfactory in a location where the 
signal strength is high. An elaborate 
antenna is needed in such a location 
only if reflected signals that cause 
ghosts in the picture are present. Such 
ghosts can often be eliminated, as you 
learned earlier, by using a directional 
antenna that does not pick up the 
reflected signals. 

Antennas for areas where the signal 
strength is low are another matter. 
In such areas, it is necessary to use 
antennas that are as efficient as they 
can be made. We shall describe such 
antennas in a few moments. Before we 
do, however, let us discuss a few un- 
usual kinds that have been developed 
to give broad -band response. 

BROAD -BAND ANTENNAS 
It has been found that an effective 

way to broaden the frequency response 
of a dipole antenna is to increase the 
diameter of the poles. (This is the 
reason why a folded dipole has a 
broader response than a dipole; effec- 
tively, its poles are thicker.) Fig. 22 

FIG. 22. Forms of broad -band antennas. 
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FIG. 23. Another kind of broad -band 
antenna. 

shows several designs of thick -pole 
antennas that have rather wide fre- 
quency response. The one shown in 
Fig. 22A is like an ordinary dipole 
except that the diameter of the poles 
is many times greater. The one shown 
in Fig. 22B has conical poles, and that 
shown in Fig. 22C has spheroidal ones. 
These three are shown as though they 
were made of sheet metal; however, 
approximately the same response can 
be secured by replacing their solid 
surfaces with taut wires run length- 
wise. The example in Fig. 22D shows 
how the antenna in Fig. 22A would 
look if such a replacement were made. 

These antennas, although they work 
well, are seldom used and are not 
commercially available. The reason 
is that they are not suitable for out- 
door mounting, because they can easi- 
ly be damaged by a strong wind or by 
the formation of ice upon them. The 
kind shown in Fig. 22D would not be 
subject to damage of this sort as much 
as the others would be, but it would 
have the disadvantage of whistling as 
the wind went through it.. In addi- 
tion, and perhaps more important, it 
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FIG. 24. The bat -wing antenna, a variant 
of the one shown in Fig. 23. 

would be difficult to make one these 
that would be mechanicallyy strong. 

Another way in which a dipole can 
be made to have a wider frequency 
response is shown in Fig. 23. Here, 
as you can see, the rods of a simple 
dipole have been replaced by rec- 
tangular loops. This produces much 
the same effect as increasing the diam- 
eter of the rods does. 

A commercial variation of this an- 
tenna, known as the "bat wing," is 
shown in Fig. 24. In this form, each 
half of the antenna consists of a rec- 
tangular loop that is bent about one - 
quarter of the distance from its open 

FIG. 25. The di -fan antenna, which has 
a broad -band response. All the antenna 
elements shown are in the same hori- 

zontal plane. 

end and is bridged across by a metal 
strap near the bend. The two long 
closed sections thus formed make up 
an antenna like the one shown in Fig. 
23, which has a frequency response 
that covers the entire low -frequency 
television band plus the f.m. band. 
The two short open-ended sections 
make up a wide -band dipole antenna 
that provides reception over the entire 
high -frequency band. Since the trans- 
mission line is connected to the bridg- 
ing straps, the low -band and high - 
band antennas are effectively con- 
nected in parallel to the line. The 
impedance of the combination is ap- 
proximately 72 ohms over a wide fre- 
quency range. 

Another form of wide -band antenna 
is shown in Fig. 25. This consists of 
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two V-shaped sections, each made up 
of five rods of equal length. It is 
mounted so that all the rods are in a 
horizontal plane. This antenna has 
an impedance of about 300 ohms over 
a wide frequency range, and offers 
good reception over the two television 
bands and the f.m. band. 

INDOOR AND WINDOW 
ANTENNAS 

Many television installations are 
made in apartment houses where out- 
side antennas are not permitted. In 
such cases, indoor or window antennas 
must be used. 

An indoor antenna is not usually as 
satisfactory as an outdoor one. For 
one thing, the incoming signal is at- 
tenuated by having to pass through 
the structural materials of the build- 
ing to reach the antenna. This attenu- 
ation may be severe if the building 
has a steel framework; in fact, it may 
be impossible to get enough of a sig- 

Courtesy Technical Appliance Corp. 

FIG. 26. A widely used form of indoor 
antenna. 

Courtesy RCA 

FIG. 27. Another form of indoor antenna. 

nal for satisfactory operation if the 
building has much steel in its walls. 

Another handicap under which the 
indoor antenna labors is that its 
length is restricted by the fact that it 
is used inside a home. The usual low - 
band antenna is too big to keep in 
the average living room, which is 
where an indoor antenna is generally 
placed. Therefore, antennas that are 
shorter than X/2 for the lower chan- 
nels must be used. The radiation pat- 
terns of such antennas, you will recall, 
have shorter lobes than X/2 antennas, 
meaning that they do not pick up as 
well. 

Finally, there is usually no possi- 
bility of using any kind of directive 
array for an indoor antenna, because 
such arrays require far too much 
space. Therefore, it may be difficult 
or impossible to eliminate reflections 
in an indoor installation. 

In spite of these handicaps, an in- 
door antenna will often give good re- 
sults in an area where the signal 
strength is high. An antenna like that 
shown in Fig. 26 has proved to be 
satisfactory in many installations. 
This antenna consists of two tele- 
scoped metal rods secured to a base 
through a pivot. These rods are elec- 
trically insulated from each other and 
are connected to the two leads of a 
transmission line. The angle between 
the two rods can be changed at will, 
and the length of the rods can be easily 
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changed by pulling out the telescopic 
sections. The whole antenna can be 
rotated simply by picking it up and 
turning it. 

The effective length of this antenna 
depends on the distance between the 
tips of the two rods. Thus, lengthen- 
ing the rods or increasing the angle 
between them makes the antenna res- 

. onant to a lower frequency, and short- 
ening the rods or decreasing the angle 
between them makes it resonant to a 
higher frequency. Usually it is neces- 
sary to adjust either the length or the 
angle when the set is tuned from one 
station to another. 

Another kind of indoor antenna is 
shown in Fig. 27. This antenna, as 

Courtesy Insuline Corp. of America 
FIG. 28. A form of adjustable indoor 

antenna. 

you can see, is a dipole having a large 
metal disk mounted at the end of each 
rod. The effect of these disks is to 
increase the capacity of the antenna. 
As a result, such an antenna can be 
considerably shorter physically than 
a simple dipole that resonates to the 
same frequency. In addition, its re- 
sponse is somewhat broader than that 
of a simple dipole. 

A window antenna often gives bet- 
ter results than an indoor antenna, 
particularly when it can be placed in 
a window that is on the same side of 
the building as is the transmitter. A 
typical window antenna is shown in 
Fig. 28. As you can see, it is a folded 
dipole that is mounted on a very short 
mast. At the other end of the mast is 

a cross bar that can be secured to the 
window frame, usually by extending 
the end of the bar to wedge it across 
the frame. 

Such an antenna has a response like 
that of any other folded dipole. The 
ends of the one shown in Fig. 28 can 
be extended to make the antenna reso- 
nate to a lower frequency if desired; 
this is usually done, if at all, only 
when the antenna is first installed, 
since it is inconvenient to change the 
length thereafter. 

As we said, it is usually better to 
install a window antenna on the side 
of the building that faces the trans- 
mitter. However, it is often possible 
to pick up an adequate signal on the 
other side of the building also if other 
buildings or objects reflect the signal 
toward that side of the building. 

Many other forms of indoor and 
window antennas have been devel- 
oped. Generally speaking, there is 
little to recommend one kind over an- 
other. The only way to tell whether 
a particular kind will be satisfactory 
in a particular location is to try it 
there. 

We have discussed the basic anten- 
nas used in locations where the signal 
strength is fairly high. Now, let's see 
what kinds of antennas can be used 
in locations that are on the fringe of 
the reception area. 

STACKED ARRAYS 

In areas where the signal strength 
is low or the surrounding electrical 
noise is high, the signal-to-noise ratio 
of the voltage applied to the input of 
a television set is important. This 
ratio, as you learned earlier in your 
studies of radio, shows how strong the 
signal voltage is in comparison to the 
noise voltage. Any noise voltage of 
the proper frequency that is applied 
to the input of a set will be amplified 
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just as the signal voltage is. Conse- 
quently, there will be considerable 
noise in the output of a set if the 
signal-to-noise ratio of the voltage 
applied to the input is low. 

The noise -reducing feature of the 
f.m. audio system may keep such 
noise from being annoyingly audible. 
It is always visible, however, because 
it creates lines or snow in the picture; 
in fact, the picture may be largely 
obscured if the noise level is high. 
Therefore, it is always desirable to 
have a high signal-to-noise ratio in the 
voltage that is applied to the input 
of the set. 

The only way to get a high signal- 
to-noise ratio at the input is to have 
the antenna pick up considerably more 
signal than noise. If the antenna is at 
some suburban or country location 
where the signal strength and the 
noise level are both low, the antenna 
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FIG. 29. A simple two -dipole stacked 
array. 

must have a great deal of gain so that 
it will pick up a good signal. In this 
case, it does not usually matter 
whether the antenna is also able to 
reject noise. If, on the other hand, it 
is in some city location where both 
the signal and the noise level are high, 
the antenna must be able to reject 
noise; if it is able to do so, its gain is 
a matter of secondary importance. 

Stacked arrays have become popu- 
lar for both kinds of installations be- 
cause they provide good gain and good 
noise rejection at the same time. A 
simple stacked array is shown in Fig. 
29. This consists of two identical di- 
poles stacked one above the other and 
spaced a/2 apart for the frequency to 

.51 
Courtesy Technical Appliance Corp. 

FIG. 30. A "lazy H" stacked array. 

which they are resonant. The two are 
connected in parallel by lines con- 
nected to their inner ends as shown. 
The transmission line is connected to 
the midpoint of the lines that connect 
the two antennas. Since they are in 
parallel, their net impedance is always 
half that of one alone; at resonance, 
it is 36 ohms. 

The increased signal pickup of such 
an antenna is explained by the fact 
that there are two of them. Their 
spacing is what makes them able to 
reject noise. Any noise coming from 
above or below induces a voltage in 
each antenna. Since the two are spaced 
X/2 or 180 electrical degrees apart 
vertically, the noise voltages induced 
in them are 180° out of phase; there- 
fore, such voltages cancel when they 
arrive at the point where both are 
applied to the transmission line. 
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The noise rejection and the pickup 
of this stacked array can both be 
improved by adding a reflector to each 
element, as shown in Fig. 30. (This 
array is often called a "lazy H," be- 
cause it looks like two letter H's lying 
on their sides.) The pickup is in- 
creased thereby just as it is when a 
reflector is added to a single dipole. 
The noise rejection is increased be- 
cause signals coming from the back- 
ward or reflector side of the array are 
reduced, and any noise they contain 
is reduced likewise. The reflectors 
have little effect on noise coming from 
below or above the array, however. 

FIG. 31. A stacked array of dipoles, di- 
rectors, and reflectors. 

The impedance of this array at reso- 
nance is 30 ohms. 

The signal pickup can be still fur- 
ther increased by adding a director 
to each element as shown in Fig. 31. 
The director has much the same effect 
as it does when it is used with a single 
dipole. Adding it to the array has 

little effect on the noise pickup, except 
that it narrows the horizontal angle 
from which the antenna picks up. This 
may result in a reduction in noise 
pickup if the antenna can be oriented 
so that the desired signal is received 
but the noise is not. If the source of 
noise lies in the same general direc- 

FIG. 32. A combination of stacked arrays. 

tion as the desired station, however, 
orientation of the antenna will not 
help in reducing the noise pickup. 

If further increases in pickup are 
needed to make reception satisfactory, 
more elaborate antenna arrangements 
can be used. One of these is shown in 
Fig. 32. Here we have two stacked 
arrays like those in Fig. 31 that are 
mounted side by side a distance X 

apart. This array has a gain of 11 db 
over a simple dipole and a horizontal 
pickup angle of only 28°. Since a gain 
of 6 db represents a doubling of the 
voltage, you can see that this particu- 
lar array will deliver almost 4 times 
the voltage to the transmission line 
that a simple X/2 dipole would. All 
four dipoles used in this array are con- 
nected in parallel; the impedance of 
the array is therefore 1/4 the imped- 
ance of the individual dipoles. 

It is also possible to stack more an- 
tenna arrays vertically. One of the 
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Courtesy LaPointe Plascomold Corp. 

FIG. 33. A four -bay stacked array. 

most complex of these arrangements 
that is now in use is shown in Fig. 33. 
This antenna, which is known as a 
4 -bay stacked array, consists of four 
dipoles and reflectors stacked verti- 
cally. A feature of this antenna is 
that the dipoles are connected to par- 
allel rods (called Q sections) as well 
as to the transmission line. The im- 
pedances of the dipoles can be ad- 
justed by sliding shorting bars along 
these sections; this makes it possible 
to match the impedance of the array 
to that of the transmission line. 

Antenna Height. When an an- 
tenna is installed at a location that is 
a considerable distance from a trans- 
mitter, it must be gotten as high in 
the air as possible. We have men- 
tidned this fact before, but it is im- 
portant enough to bear repeating. The 
receiving antenna must be high 
enough to be on a line of sight from 
the transmitting antenna, ór at any 
rate only slightly below a line -of - 
sight path (as you learned earlier in 

this Lesson, there is a small amount 
of bending of v.h.f. signals in the at- 
mosphere). Remember, an antenna 
cannot manufacture a signal; no mat- 
ter how efficient it is, it must be placed 
in a portion of space through which 
a signal passes if it is to pick up the 
signal. 

Therefore, the use of a high -gain 
antenna is not the only procedure that 
must be followed to get reception in 
fringe areas. Some means must also 
be found to mount the antenna high 
in the air. 

Band Widths. In general, we can 
say that the band width an antenna 
can pick up becomes more restricted 
as the antenna becomes more complex. 
Thus, it is possible to make simple 
stacked arrays like those in Figs. 29 
and 30 pick up over the whole low 
or high band, particularly if folded 
dipoles are used instead of the simple 

Courtesy JFD Mfg. Co., Inc. 
FIG. 34. Low -band and high -band stacked 

arrays mounted on the same mast. 
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dipoles shown, whereas the complex 
array shown in Fig. 32 can be used 
for only one station. If you want to 
pick up more than one station in a 

location where it is necessary to use 
an array of the latter kind, you must 
use a separate one for each station. 

If both low- and high -band stations 
are to be picked up in a location 
where it is possible to use antennas 
of the kind shown in Figs. 29 and 30, 

you can use a stacked low -band and a 

stacked high -band array on the same 
mast, as shown in Fig. 34. The kind 
of all -band antenna shown earlier in 

Fig. 18 can also be stacked with con- 
sequent improvement in pickup and 
in signal-to-noise ratio. 

inductance of the rod, there is an im- 
pedance between the two leads of the 
transmission line. 

The spacings of the reflector and 
the directors from the dipole are very 
critical, as is also the spacing between 
the ends of the transmission line leads. 
The reflector and director spacings 
are determined by the manufacturer 
of the antenna on an experimental 
basis. The transmission line spacing 
is found when the antenna is erected, 
by moving the ends of the leads to- 
gether or apart until the best picture 
is secured on the set to which the an- 
tenna is connected. The connections 
between the line and the dipole are 
usually made with movable clips to 
make this adjustment easier. 

FIG. 35. A Yagi antenna. 

YAGI ANTENNA 

The Yagi antenna (named after its 
Japanese inventor) shown in Fig. 35 
is useful in fringe reception areas be- 
cause of its extremely high gain. This 
antenna consists of a dipole, a reflec- 
tor, and either 2 or 3 directors. The 
dipole in this antenna differs from 
others we have described in that it 
is made of one rod, rather than a pair 
of rods. The two leads of the trans- 
mission line are connected to this rod 
at points equidistant from the center 
of the rod. At first glance, it would 
appear that the transmission line is 

shorted when it is connected to a rod 
in this manner; actually, however, be- 
cause of the distributed capacity and 

This antenna has a forward gain of 
11 db and a very narrow horizontal 
pickup angle. As you would expect, 
it also has a very limited band width; 
as a matter of fact, it can be used for 
only one station. When you order 
such an antenna, therefore, you must 
specify the station it is to be used for, 
since the spacings between the ele- 
ments and the lengths of the elements 
differ for every channel. 

NON -HORIZONTAL ANTENNAS 

In suburban and country locations 
where the noise is low and increased 
signal pickup is the main thing wanted 
from an antenna, the antennas shown 
in Figs. 36A and B can sometimes be 
used. The theory behind these anten- 
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Top illustration Courtesy Technical 
Appliance Corp., bottom illustration 
Courtesy Premaz Products 

FIG. 36. Antennas designed to pick up 
both horizontally and vertically polarized 

signals. 

nas is that the television signals, al- 
though originally transmitted with 
horizontal polarization, will be par- 
tially vertically polarized by the time 
they have travelled a long distance, 
because of reflections and other effects. 
In other words, the television signal at 
remote locations will have both a hori- 
zontal and a vertical component. A 
horizontal antenna will pick up a 
vertically polarized wave only slight- 
ly, and, conversely, a vertical antenna 
will pick up a horizontally polarized 
wave only slightly; however, antennas 
like those shown in Fig. 36 will pick 

up signals of either polarization. 
Therefore, they will give greater pick- 
up than a purely horizontal antenna 
will when the signal contains both 
horizontal and vertical components. 

However, such antennas will also 
pick up noise (which is usually verti- 
cally polarized) better than a hori- 
zontal antenna will. They are there- 
fore not suitable for use in noisy 
locations. 

RHOMBIC ANTENNA 
If there is enough space available 

at the location of the set, a rhombic 
antenna (an example of which is 
shown in Fig. 37) can be used to get 
extremely high gain over a wide band. 
This antenna is made of two long 
wires strung in a diamond shape par- 
allel to the ground. One end of each 
wire is connected to a non -inductive 
resistor; the transmission line is con- 
nected to the other end of each. 

This antenna is unidirectional, re- 
ceiving best from the end to which 
the terminating resistance is con- 
nected. The single lobe of its radia- 
tion pattern, which is extremely nar- 
row, is lined up with the long axis of 
the diamond. Because of the narrow- 
ness of the pattern, this antenna must 
be very carefully oriented. 

The efficiency of the rhombic in- 
creases as the leg length (measured in 
wavelengths) increases. The legs 
should be at least 2 long for the 
lowest -frequency station to be re- 
ceived, and preferably more. 

68012 
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FIG. 37. A rhombic or diamond antenna 
has a very sharp radiation pattern. It 
should be oriented so that the resistor 
end of the antenna will point directly at 

the desired station. 
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The chief elements to be considered 
in the design of a rhombic are the leg 
lengths and the angles between the 
legs. If these are properly selected, 
a rhombic antenna can be made to 
cover the entire television spectrum 
at high gain. The design shown in Fig. 
37 offers this wide coverage with volt- 
age gains of up to 20 db over a half - 
wave dipole for the high band. 

A rhombic should be strung as high 
as possible, since its performance im- 
proves as its height is increased. 

As you can see from the figure, the 
rhombic requires a great deal of space. 
An area about 105 feet long and 40 
feet wide is needed to erect the an- 
tenna shown. 

The impedance of a properly de- 
signed rhombic antenna is always the 

same as that of its terminating re- 
sistor. In the design shown in Fig. 
37, this is 680 ohms. This can be 
matched reasonably well by a 600 - 

ohm line, which can readily be 
matched to a 300 -ohm receiver 
through a matching transformer. 

Although 600 -ohm line is not com- 
mercially available, you can make it 
yourself of two pieces of No. 12 wire 
spaced 6" apart (center to center) by 
insulators. A 2 -to -1 matching trans- 
former can be bought or can be made 
by winding a primary of 29 turns over 
a 1/2 -inch plastic core form and wind- 
ing a secondary of 17.5 turns over the 
center of the primary. Both the pri- 
mary and secondary windings should 
be close wound. 

Transmission Lines 
The lead-in used to connect an an- 

tenna to a television set is called a 
transmission line. Three types of these 
lines-coaxial, twin -lead, and shielded 
twin -lead lines-are in use. We shall 
first learn the physical characteristics 
of these lines, then study their elec- 
trical operation as carriers of r.f. 
current. 

Like any conductors, transmission 
lines have distributed inductance and 
capacity. A line therefore has imped- 
ance when it is carrying r.f. current. 
In television, we are concerned with 
the "characteristic" or "surge" imped- 
ance of a line, which is the input im- 
pedance of an infinitely long section 
of that particular line. This charac- 
teristic impedance is determined by 
the physical construction of the line 
and by the electrical properties of the 
material used in it. 

Other important properties of a 
transmission line are its attenuation, 

which is usually stated in db per 100 

feet for signals of various frequencies, 
and its ability to reject interference. 
We shall discuss each of these factors 
in the following descriptions of the 
three main types of television trans- 
mission lines. 

Coaxial Line. The coaxial line, 
shown in Fig. 38, consists of a wire 
surrounded coaxially by a tube of 

FIG. 38. A typical coaxial transmission 
line. 

flexible metal braid that is spaced 
evenly from the wire by insulating 
material. The center wire and the 
outer braid (which is covered with 
waterproof insulation) are the two 
conductors of this line. 
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The diameter of the wire, the dis- 
tance between the wire and the braid, 
and the dielectric constant of the in- 
sulating material determine the im- 
pedance of a coaxial line. The kind 
commonly used in television installa- 
tions has an impedance of 72 ohms. 
Its attenuation is 2.2 db at 40 mc., 

FIG. 39. An unshielded twin -lead trans- 
mission line. 

3.75 db at 100 mc., and 5.6 db a 
200 mc. per 100 -ft. length. 

When coaxial line is used, the meta 
braid is grounded at the receiver. I 
therefore acts as a shield around th 
central wire, reducing interferenc 
pickup very considerably. Because o 
this ground connection, the line shout 
be used only with a set having an un 
balanced input. 

Twin -Lead Line. The twin -lead 
line, shown in Fig. 39, consists of two 
flexible wires molded into a flat ribbon 
of plastic insulating material. The 
impedance of the line depends upon 
the diameters of the wires, the spacing 
between them, and the dielectric con- 
stant of the insulation. The kind most 
commonly used in television installa- 
tions has an impedance of 300 ohms, 
although 150 -ohm and 72 -ohm twin - 
lead line can also be obtained. 

The 300 -ohm type has an attenu- 
ation of 1.1 db at 40 mc., 2.1 db at 
100 mc., and 3.6 db at 200 mc. per 
100 -foot length. As you can see, its 
attenuation is far less than that of 
coaxial cable, a factor that can be 
very important in an installation 
made where the signal strength is low. 
It does not have as much ability to 
reject noise pickup as coaxial line has, 
however. 
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Shielded Twin -Lead Line. If it 
were made in the conventional man- 
ner, a 300 -ohm shielded twin -lead line 
would have to be extremely large in 
diameter, because the shield would 
have to be spaced far away from the 
conductors to reduce the capacity be- 
tween them. However, a new type of 
shielded twin -lead line, shown in Fig. 
40, is reasonably small and yet has an 
impedance of 300 ohms. 

The two conductors used in this line 
are crimped into a series of sawtooth 
sections. In manufacture, a tube of 
polyethylene (a plastic insulator) is 
extruded around each of these conduc- 
tors. Each conductor touches the tube 
in which it is encased only at the 
points of the sawtooth; otherwise, 
the conductor is surrounded only by 
air. The effect of this construction is 
to reduce the capacity between the 
two conductors and the capacity be- 
tween the conductors and the shield, 
because air has a lower dielectric con- 
stant than has any other insulator. 
The line can therefore have a 300 - 
ohm impedance and yet be reasonably 
small in cross-sectional diameter. 

Courtesy Federal Tel. and Radio Corp. 
FIG. 40. A shielded 300 -ohm twin -lead 

transmission line. 

The two conductors in their poly- 
ethylene tubes are enclosed in a shield 
of flexible braid, which is in turn en- 
closed in a thermoplastic insulating 
jacket. This shield is grounded when 
the line is installed and therefore per - 
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mits the line to have as good inter- 
ference rejection as coaxial line. 

The attenuation of this line is 2.4 
db at 50 mc., 3.4 db at 100 mc., and 
4.6 db at 200 mc, per 100 -foot length 
-slightly less than that of 72 -ohm 
coaxial cable. 

Now that we have learned what 
practical transmission lines are like, 
let's learn how they operate when r.f. 
flows through them. 

LINE REFLECTIONS 

We mentioned earlier that the three 
important characteristics of a trans- 
mission line are its ability to reject 
interference, its attenuation, and its 
surge impedance. What effect the first 
two of these have on our choice of a 
transmission line can be stated simply. 
Generally speaking, we want there to 
be as little attenuation in the trans- 
mission line as possible. All other 
factors being equal, therefore, un- 
shielded twin -lead line is the best one 
to choose for an installation. If inter- 
ference is a problem, however, a 
shielded line must be used in spite of 
its greater attenuation. 

Now, let us see why the impedance 
of a line is important. 

The job of a transmission line is to 
deliver a signal to a load. It can do 
so efficiently only if the load is resis- 
tive and has an ohmic value equal to 
the surge impedance of the line. If 
the load has reactance, or if its resist- 
ance is not equal to the impedance of 
the line, a phenomenon known as "re- 
flection" occurs: part of the signal 
that comes along the line to the load 
is returned, or reflected, back to the 
line. 

To see what effect such a reflection 
has in a practical case, let's suppose 
we have a 72 -ohm line connected to 
the input of a set that has a 300 -ohm 
input impedance. (As you learned in 
an etglier Lesson, sets have input im- 

pedances of 72 ohms, 300 ohms, or 
both.) Suppose, too, that the line is 
connected to a folded dipole that has 
an impedance of 300 ohms. 

A signal picked up by the antenna 
is fed into the line and travels down 
it to the set. Because the line and the 
set have different impedances (that 
is, their impedances are not matched), 
only part of the signal is fed into the 
set; the rest is reflected back into the 
line. This reflected signal travels back 
up the line to the antenna. Because of 
the mismatch between the antenna 
and line impedances, part of this re- 
flected signal is reflected again; it 
travels back down the line and again 
appears at the input of the set. 

If the line is 50 feet long, the part 
of the signal that has been reflected 
twice has traveled 100 feet farther 
than did the part of the signal that 
was fed into the set at the time of 
the first reflection. (For convenience 
in reference, let's call the former the 
reflected signal and the latter the 
original signal.) Because of this dif- 
ference in path length, the reflected 
signal will be slightly out of phase 
with the original signal; since both 
are applied to the input of the set, 
this phase difference will cause blur- 
ring of the picture. In other words, 
line reflections caused by mismatches 
of impedance at the ends of the line 
produce exactly the same effect as 
that produced by multipath reception. 
Severe ghosting can be produced by 
such mismatching, because it is per- 
fectly possible for a strong signal to 
be reflected up and down the line 
several times, thus causing several 
out -of -phase signals to be applied to 
the input of the set. 

Such reflections cannot occur if the 
impedance of the transmission line 
matches the input impedance of the 
set, because then all the signal that 

31 



comes down the line will be absorbed 
by the set. If there is a proper imped- 
ance match at this end of the line, it 
does not matter whether there is a 
match between the antenna and the 
line as far as reflections are concerned. 
Therefore, one important thing to re- 
member about a transmission line is 
that its impedance must match the 
input impedance of the set with which 
it is used. 

Fortunately, this is not a difficult 
requirement to meet. As you learned 
earlier in your Course, all modern 
sets have input impedances of 72 

ohms, 300 ohms, or both. Since both 
72 -ohm and 300 -ohm lines are avail- 
able, it is always possible to secure 
an impedance match between the line 
and the set. 

Of course, it may happen that a set 
having a 300 -ohm input impedance is 
to be installed in a location where an 
antenna having a 72 -ohm line is 
already installed. In such a case, a 
matching transformer or a resistor 
network can be used to match the 
set and the line (or a new line can be 
installed) . We shall discuss such 
problems in a later Lesson on antenna 
installations. 

ANTENNA MATCHING 

Whether or not the antenna imped- 
ance is matched to that of the line is 
not important as far as reflections are 
concerned, as we just pointed out. 
However, the lack of an impedance 
match will have an effect on the trans- 
fer of the signal from the antenna to 
the line. 

We mentioned earlier that the an- 
tenna can be considered to be a gen- 
erator and the transmission line its 
load. You know from previous studies 
that the greatest transfer of power 
between a generator and its load oc- 
curs when the two are matched in 

impedance. Therefore, an impedance 
mismatch between the antenna and 
the line will give less than a maxi- 
mum transfer of signal power from 
the antenna to the line. 

As far as the antenna is concerned, 
a line that is properly matched in im- 
pedance at the receiver end will be 
an infinite line - that is, its actual 
impedance will be equal to its surge 
impedance at all frequencies. There- 
fore, we could be sure of getting a 
maximum transfer of signal at all fre- 
quencies if we could match the imped- 
ance of the antenna to that of a 
properly terminated line at all fre- 
quencies. 

Unfortunately, this cannot be done. 
As you learned earlier in this Lesson, 
the impedance of an antenna depends 
upon the frequency of the received 
signal. An antenna can be made to 
have a fixed impedance for one fre- 
quency but not for all. Even a wide - 
band antenna will vary rather con- 
siderably in impedance over the tele- 
vision bands. 

Fortunately, this fact seldom causes 
any problems in the metropolitan 
areas where most installations are 
made. There the signal strength is 
almost invariably high enough so that 
part of the pick-up signal can be 
wasted without affecting reception. In 
such areas, usually the only imped- 
ance match of importance is that be- 
tween the line and the set; as long as 
this match is made, it does not matter 
much whether the line and the an- 
tenna are matched. If they are not, 
part of the signal will be wasted, but 
there will still be enough to operate 
the set satisfactorily in most cases. 

As a matter of fact, the antenna and 
the transmission line are often delib- 
erately mismatched in areas of high 
signal strength where there are sev- 
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eral stations. The purpose of doing so 
is to make reception fairly uniform 
over a wide band. If a 300 -ohm line 
is used with a 72 -ohm dipole, for ex- 
ample, there will be a 4 -to -1 mismatch 
at the frequency for which the dipole 
is cut. This will cause a loss of signal 
for that station; since the signal 
strength is high, however, this loss is 
not serious. At higher frequencies 
where the dipole does not pick up as 
well, its impedance will increase. The 
impedance match between the an- 
tenna and the line will therefore im- 
prove, and the consequent improve- 
ment in signal transfer from the 
antenna to the line will partially com- 
pensate for the reduced response of 
the antenna. 

This effect can be produced, by the 
way, only if the impedance of the 
antenna at resonance is lower than 
that of the line. The reverse of this 
condition (having the line lower than 
the antenna in impedance) will not 
produce any helpful effect, because 
the impedance of an antenna always 
rises at off -resonance frequencies; 
therefore, the mismatch between the 
line and the antenna will get worse as 
the frequency increases. 

In fringe areas, where every bit of 
signal is needed, the match between 
the antenna and the line becomes very 
important. In this respect, it is for- 
tunate that it is usually necessary 
to use a separate antenna for each 
station in such areas, because each 
antenna and line can then be matched 
individually for a particular fre- 
quency. As we just pointed out, this 
is the only way in which a perfect 
match can be secured. 

Fringe area reception generally calls 
for the use of stacked arrays, which, 
as you learned earlier, have relatively 
low impedances. If the particular 
array to be used does not have the 
same impedance as does the input of 

the set, obviously no line can match 
them both. In such a case, the easiest 
solution is to select a line that will 
match either the set or the antenna 
and then to create a match between 
the line and the other component of 
the system. 

The more common practice is to 
select a line that will match the set 
(since it is always possible to make 
this match) and then find some way 
to make the line match the antenna 
also. 

Matching Section. An impedance 
match between an antenna and a line 
can be secured by connecting the one 
to the other through a A/4 section of 
line having a characteristic impedance 
intermediate between the two imped- 
ances that are to be matched. Such a 
connecting line is called a matching 
section. The characteristic impedance 
it must have can be calculated from 
the formula: 

ZMS = y ZA X ZTL 

where ZMs is the impedance of the 
matching section, ZA is the impedance 
of the antenna, and ZTL is the imped- 
ance of the transmission line. Apply- 
ing this formula to the problem of 
matching, say, a 72 -ohm antenna and 
a 300 -ohm line, we find that the 
matching section must have an im- 
pedance of V/ 72 X 300, which is 
approximately 147 ohms. Therefore, 
a A/4 length of 150 -ohm line (which 
is a commercially available item) will 
serve as a matching section in this 
case. Of course, it will be a matching 
section for only one frequency, since 
it will not be À/4 long at any other 
frequency. 

Another method of matching an an- 
tenna and a line is to use what is 
known as a "matching stub." To 
understand the action of this device, 
we must learn something about the 
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electrical characteristics of X/4 and 
X/2 lines. 

QUARTER -WAVE AND 
HALF -WAVE LINES 

To determine the characteristics of 
a piece of transmission line, we could 
connect it to a source of r.f. energy 
and measure the r.m.s. values of the 
r.f. voltages and currents found at 
various points along the line. We 
could then determine the impedance 
at each point along the line; if we 
plotted this impedance against the 
length of line, we could get a picture 
of how the line works. Fig. 41 shows 
the results we would get if we did 
this for four special cases that are of 
particular interest. 

Fig. 41A shows how the impedance 
varies along a X/4 line that is open at 
both ends. We shall speak of the left- 
hand end of each of these plots as 
being the source end, because this is 
the end to which the source of r.f. 
energy would have to be coupled to 
get these plots. Notice that the imped- 
ance is zero at the source end and 
high at the other end (which we shall 
call the load end). In other words, a 
X/4 section of open line will appear 
to be a short circuit to a source con- 
nected to one end of the line. 

When a X/4 line is shorted at its 
load end (Fig. 41B), exactly the oppo- 
site result is produced: the impedance 
is high at the source end and zero at 
the shorted end. Thus, a A/4 line 
shorted at the load end appears to be 
an open circuit at the source end. 

A similar plot for an open X/2 line 
(Fig. 41C) shows that its impedance 
is high at both ends and low in the 
middle. Finally, a plot for a X/2 line 
that is shorted at one end (Fig. 41D) 
shows that its impedance is low at 
both ends and high in the middle. 

An easy way to keep these facts in 
mind is to remember that a X/4 line 

inverts its load whereas a X/2 line 
repeats its load. If the load end of a 
X/4 line is open, its source end appears 
shorted, and vice versa. The source 
end of a X/2 line, on the other hand, 
always has the same impedance as the 
load end has. 

All these facts about the perform- 
ance of X/4 and X/2 lines will prove 
useful to you in your later studies of 
television. We have already seen one 
use that is made of the properties of 

FIG. 41. The characteristics of quarter - 
wave and half -wave lines. 
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a A./4 line: we learned earlier that a 
high -band and a low -band antenna 
are electrically isolated by connecting 
them with a length of transmission 
line that is a./4 long at the frequency 
for which the low -band antenna is 
cut. This isolates the two antennas 
at low frequencies because the high - 
band antenna acts practically as a 
short for these frequencies. Since a 
shorted A./4 line has a high impedance 
at its other end, the high -band an- 
tenna appears as a high impedance 
across the low -band antenna, and 
therefore has very little effect on it. 
At high frequencies, the X/4 isolating 
section is simply an extension of the 
transmission line as far as its effect 
on the high -band antenna is con- 
cerned. Since the low -band antenna 
has high impedance at these frequen- 
cies, it can be considered to be simply 
a high -impedance load across the line. 

At the moment, we are particularly 
concerned with the operation of a 
shorted ,l/4 line when it is used to 
match an antenna to a transmission 
line. When it is used for this purpose, 
a shorted À/4 line is called a "match- 
ing stub" (the name coming from the 
fact that only a short stub of a line 
is used) . 

To take a practical example, let's 
say we want to use a matching stub 
to match a 300 -ohm line to a 30 -ohm 
antenna. (The antenna shown earlier 
in Fig. 30 has an impedance of 30 
ohms.) Fig. 42 shows the connections 
that will permit this match to be 
made. As you can see, the transmis- 
sion line is connected to the open end 
of the matching stub and the antenna 
is connected to the stub a distance d 
from its shorted end. Let's see why 
these connections produce the match 
we want. 

As we just pointed out, the imped- 
ance of a matching stub is very high 

at its open end. When we connect 
the 300 -ohm line to this end of the 
stub, we are effectively connecting the 
low impedance of the line and the 
high impedance of the stub in par- 
allel; consequently, the impedance at 
the point of connection becomes 300 
ohms (since the impedance of a par- 
allel combination of a high and a low 
impedance is, for all practical pm. 
poses, that of the low impedance). 
Therefore, the impedance of the 
matching stub now varies from zero 
at its shorted end to 300 ohms at the 
point of connection to the line. Some- 
where between these two ends of the 
stub is a point where its impedance 
is exactly 30 ohms; it is to this point 
that the 30 -ohm antenna is connected. 
The impedance of the antenna is 
therefore perfectly matched. 

ANTENNA CONNECTED HERE 

TRANSMISSION LINE 
CONNECTED HERE 

FIG. 42. How a matching stub works. 

I-0--- d 4 

A matching stub can be used in this 
manner to match any antenna to any 
line. If the impedance of the line is 
lower than that of the antenna, the 
open end of the matching stub must be 
connected to the antenna; the imped- 
ance of the stub will then vary from 
zero to the same impedance as the 
antenna, and the line can be matched 
to the combination by connecting it 
to the stub at the proper point. 

What the proper point is depends 
on the ratio of the impedances of the 
antenna and the line. Table I shows 
the points of connection for various 
impedance ratios. In this table, Z, 
is the higher impedance and Z2 the 
lower impedance. For instance, if we 
have a 300 -ohm line and a 30 -ohm 

35 



TABLE I 

Stub Connections for 
Various Impedance Ratios 

Zz/Z, d' Z1 d ' 
0.05 14 0.55 53 
0.10 20 0.60 56 
0.15 25 0.65 59 
0.20 30 0.70 63 
0.25 34 0.75 67 
0.30 37 0.80 70 
0.35 41 0.85 75 
0.40 44 0.90 80 
0.45 47 0.95 90 
0.50 50 1.00 100 

* % of length from shorted end 

antenna, Z1 is 300 ohms and Z2 is 30 
ohms. The ratio Z2/Z1 is therefore 
30/300 or 0.10. From the table, you 
can see that for this ratio of imped- 
ances, the antenna should be con- 
nected to the matching stub at a dis- 
tance from the shorted end equal to 
20% of the length of the stub. If the 
ratio of impedances were, say, 0.45, 
the point of connection should be 
47% of the length of the stub, and 
so on. In all cases, these distances 
are from the shorted end of the stub. 

Obviously, it is mechanically more 

difficult to tap in on a matching stub 
than it is to use a matching section 
between the transmission line and the 
antenna. However, the matching stub 
has the advantage of being usable no 
matter what the impedances of the 
antenna and the line may be, whereas 
the matching section can be used only 
if the square root of the product of 
the impedances of the two is equal to 
the impedance of some available line. 
For example, if a section of line were 
to be used to match a 30 -ohm antenna 
and a 72 -ohm line, it would have to 
have an impedance of V 30 X 72, or 
approximately 46.5 ohms - and no 
commercially available line has this 
impedance. 

Remember, neither of these match- 
ing methods will provide a match at 
more than one frequency, because a 
matching section or a matching stub 
will be X/4 long at only one fre- 
quency. 

Looking Ahead. You have now 
studied the theory of operation of TV 
antennas and transmission lines. In a 
future Lesson, you will learn how to 
select the antenna and the transmis- 
sion line for a particular installation 
and how to make the installation. 
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Lesson Questions 
Be sure to number your Answer Sheet 59RH-3. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. Why is it possible to receive TV carrier signals somewhat beyond the 
line -of -sight distance even though they are not reflected from the Kennelly - 
Heaviside layer? 

2. If the heights above sea level of a transmitting antenna and a receiving 
antenna are 800 feet and 50 feet respectively, what is the maximum line - 
of -sight distance between the two? 

3. If a reflected signal travels several hundred feet farther than a direct 
signal and both reach the same antenna, what will be the effect on the 
picture? 

4. What is the impedance of a plain dipole of (a) X/2, (b) A, and (c) 
3X/2 length? 

5. A dipole cut to be X/2 for channel 2 receives that channel best from a 
direction perpendicular to its length. At what angle from the dipole will it 
receive best on channel 7, for which it is 3 a/2 long? 

6. Is it more important to match the impedance of the transmission line to 
that of the receiver or that of the antenna, and why? 

7. What length of transmission line should be used to connect a high -band 
to a low -band antenna to prevent interaction between them? 

8. How does the active (or driven) element in a Yagi antenna differ from 
that of an array consisting of an ordinary dipole with reflectors and 
directors? 

9. What should be the impedance of the transmission line connected to a 
folded dipole if maximum power transfer is wanted? 

10. Suppose a shorted X/4 matching stub is to be used to match a 300 -ohm 
line and a 50 -ohm antenna. Should the open end of the stub be connected 
to the line or to the antenna? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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Accident-chance-luck-have very little bearing 
upon the production of any great result or true suc- 
cess in life. Of course, there have been many dis- 
coveries and accomplishments which may seem to be 
the result of "luck." 

For instance: Newton "discovered" the law of 
gravity by watching an apple fall from a tree. Galileo 
"invented" the telescope after hearing of a toy con- 
structed by a spectacle -maker. Brown "invented" 
the suspension bridge after watching a spider throw 
its web. 

But these discoveries and inventions were made by 
men trained to take advantage of what they observed. 
Thousands of untrained men had seen the same 
things and paid no attention. 

The new discoveries in Radio-Television-Elec- 
tronics will be made by men trained to take advan- 
tage of what they observe. 



HOW TO SELECT AND 

ERECT TV ANTENNAS 

6ORH-3 

NATIONAL RADIO INSTITUTE 

WASHINGTON, D. C. 

ESTABLISHED 1914 



STUDY SCHEDULE No. 60 

For each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mind. Study each other step in this same way. 

1. Introduction Pages 1-3 
Here you learn that advanced planning, which includes making a pre- 
liminary survey of the location, makes any installation easier. 

2. Primary -Area Antennas Pages 3-14 
The chief problem in a primary area is the elimination of ghosts. You 
will study this, as well as multi -channel reception, fixed antennas, indoor 
antennas, and temporary antennas. 

3. Fringe -Area Antennas Pages 15-22 
In this section, you learn what antennas are used in fringe areas and 
how they are gotten high enough in the air to intercept a usable signal. 

4. Installing Antennas Pages 22-36 
This section covers the tools you will need, choosing the antenna loca- 
tion, mounting the antenna, antenna rotators, running transmission lines, and 
orienting the antenna. 

5. Answer Lesson Questions, and Mail your Answers to NRI for Grading. 

6. Start Studying the Next Lesson. 

COPYRIGHT 1949 BY NATIONAL TELEVISION INSTITUTE, WASHINGTON, D. C. 

(An Affiliate of the National Radio Institute) 

JD6M1051 1951 Edition Printed in U.S.A 



..-,, .__ 

------ -=' 
-"aj '-- -- 

A -'..- --'`'-,,.."'--'"'`-- > - -- 
.rA 

4444 - 
HOW TO SELECT AND y _ - ERECT TV ANTENNAS 

ANTENNA 
installation is one of 

the important activities of a tele- 
vision serviceman. The serviceman 
may not make the actual installation 
of an antenna, because this is a me- 
chanical job that can be performed by 
someone who is not a skilled electrical 
technician, but he always selects the 
kind of antenna to be used and more 
or less supervises the operation of 
putting it up. He is also called upon 
to solve the problems that arise when 
a "standard" installation does not 
prove satisfactory. 

As a television serviceman, there- 
fore, you must know how to select 
and erect antennas that will bring in 
television signals of sufficient strength 
to operate a television set properly. 
You have already studied the theory 
of antennas in an earlier Lesson; in 
this one, we shall describe the prac- 
tical aspects of choosing an antenna 
for primary area and fringe area in- 
stallations and teach you the general 
procedure used to put the antenna up 
at a place where it will pick up suf- 
ficient signal. 

Naturally, every installation is dif- 
ferent in some respect from every 

other. For this reason, we shall 
give you general information instead 
of attempting to describe each step of 
an installation in detail. We shall 
discuss all types of antenna installa- 
tions, so this Lesson will give you a 
good start toward the mastery of all 
antenna problems. 

Before we discuss specific kinds of 
antenna installations, let's take up a 
few matters that apply to any instal- 
lation. 

PRELIMINARY SURVEY 
Advanced planning will make an 

antenna installation easier and more 
apt to be successful the first time. 
Unless you have had experience with 
the reception in the general area 
where the installation is to be made, 
a preliminary survey of the location 
should be a part of your advanced 
planning. Such a survey may be very 
easy: if you find that nearby houses 
are equipped with simple TV anten- 
nas, you can justifiably assume that 
such an antenna is all that will be 
needed for your customer's house. On 
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the other hand, it may be a major 
project in a fringe area where recep- 
tion is usually poor or spotty: in 
such a location, you may find it nec- 
essary to make elaborate tests to de- 
termine whether enough signal is pres- 
ent to make the installation of a TV 
set worth while. 

Incidentally, the matter of the 
neighbors' antennas is often fairly 
important. You will find that a cus- 
tomer will often demand an antenna 
that is at least as complicated in its 
appearance as are those of his neigh- 
bors, even though it is not actually 
necessary for the reception of signals. 
You may be able to overcome such an 
attitude by pointing out that the cus- 
tomer's set is so excellent that it does 
not require an elaborate antenna, but 
very often you will find it simpler just 
to go ahead and put in the more 
complex one. 

We mention this fact because there 
is an economic factor to be considered 
in antenna installations. In most 
metropolitan areas where the cost of 
the installation is included in the serv- 
ice contract that the customer buys 
at the time he gets his set, about $20 
is allowed to cover a normal antenna 
installation, including the cost of the 
antenna itself. Obviously, then, it is 
desirable to keep the cost of the an- 
tenna as low as possible, since the cost 
of labor in putting up the antenna is 
by no means inconsiderable, and the 
$20 fee must cover both of them. This 
limited allotment of funds for erec- 
tion of the antenna is another reason 
why a preliminary survey that makes 
the work faster is a very good idea. 

Of course, if the location is such 
that the erection of the antenna is 
unusually difficult, an extra charge 
must be made. This is usually neces- 
sary in fringe areas, where an instal- 
lation and antenna erection charge of 

$100 or $200 is not unusual. The ne- 
cessity for making such an extra 
charge is another good reason for a 
preliminary survey, because the cus- 
tomer should always ' be warned in 
advance if the extra charge will be 
necessary. 

If an outside antenna is to be 
erected on rented property, the own- 
er's permission must be secured in ad- 
vance. Most service contract forms 
contain a provision to the effect that 
the customer must secure such per- 
mission; however, you may make in- 
stallations that are not under service 
contracts, so you should always make 
sure before you start work that the 
necessary permission is secured. It is 
a wise precaution to make sure that 
the permission is in writing. 

ANTENNA TYPES 
You studied the radiation patterns 

and other characteristics of several 
kinds of antennas in an earlier Lesson. 
As we shall point out later in this 
Lesson, often these antennas are much 
alike; therefore, although there are a 
great number of antenna types avail- 
able, many of them are just about the 
same as far as their effectiveness in 
any particular location is concerned. 
The tendency of antenna installers or 
those in charge of antenna installa- 
tions is to settle on a few favorite 
kinds of antennas that they use for al- 
most every kind of installation. If you 
follow this system, you will become 
so familiar with the abilities of the 
particular antennas you select that 
you will be able to estimate very ac- 
curately which one will be satisfactory 
in a particular location. 

One of the things you should con- 
sider when you are comparing one 
antenna with another is the ease with 
which it can be assembled. Antennas 
differ considerably in this respect; 
some are much easier to put up than 
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others. Naturally, the ease of assem- 
bly of an antenna affects the amount 
of time that must be spent to install 
it and consequently affects the cost 
of the job. It may be, therefore, that 
an antenna that costs a little more 
than others but is much easier to put 
together may be less expensive than 
the others when the labor cost is 
added to the cost of the antenna it- 
self. 

Of course, being easier to put to- 
gether is no advantage if the antenna 
is not solid and strong when assembly 

has been completed. Strength of the 
antenna should not be sacrificed, be- 
cause an outdoor antenna must be 
able to withstand high winds, ice 
formations, and the effects of weath- 
er. An antenna is rather difficult to 
service once it has been installed, so 
you should make sure that it is going 
to require as little servicing as poss- 
ible when you put it up. 

Now, let's learn how to make in- 
stallations in primary areas where the 
signal strength is high. 

Primary -Area Antennas 
Lack of signal strength is usually 

no problem in the primary area of a 
television station. Instead, the chief 
problems are usually to eliminate 
ghosts and, if there is more than one 
station in the vicinity, to pick up all 
of them. 

Let us discuss the problem of elimi- 
nating ghosts first. 

GHOSTS 
As you know, one cause of ghosts 

is the arrival of signals at the receiv- 
ing antenna over two or more paths 
that are different in length. An ex- 
ample of such reception is shown in 
Fig. 1. Here, the dipole picks up a 
direct signal from the transmitter over 
path A and picks up a reflected signal 
over path B. If the difference be- 
tween the lengths of these two paths 
is greater than 70 feet, a ghost will be 
produced in the image on the picture 
tube of the set. 
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FIG. 1. Ghosts are produced when a TV signal reaches an antenna over two paths 
that differ considerably in length. 
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Ghosts may also occur if the impe- 
dance of the transmission line does 
not match that of the receiver and of 
the antenna. If both ends of the 
transmission are mismatched, signals 
will be reflected up and down the line, 
effectively increasing the path length 
of the reflected signals as compared 
with the path length of the direct 
signal (which, in this case, is the sig- 
nal that is absorbed by the receiver 
from the line the first time the signal 
comes down the line). Again, a path 
difference of about 70 feet is enough 
to cause ghosts; in other words, it is 
possible for ghosts to be visible if the 
mismatched transmission line is longer 
than 35 feet (since then the reflected 
signal will travel a total of 70 feet 
from the receiver to the antenna and 
back to the receiver again). 

Ghosts caused by the pickup of 
reflected signals are usually more 
troublesome inside a large city than 
they are in the suburbs, because, with- 
in the city, the presence of large build- 
ings from which the signals can be 
reflected may cause the signal to come 
to the antenna from several different 
directions. Furthermore, the reflected 
signals may be quite strong within 
the city because of the high signal 
strength that is maintained for such 
areas. In the suburbs, on the other 
hand, it is rare for ghost signals to 
arrive from more than one direction, 
and they are not usually nearly as 
strong as the direct signal. 

Let's see how ghosts caused by re- 
flections and by improper impedance 
matching can be eliminated. 

ELIMINATING REFLECTIONS 
Ghosts caused by the pickup of 

reflected signals can frequently be 
eliminated by using a reflector. As 
you know, the use of a reflector sharp- 
ens the directivity of the antenna in 

the forward direction and makes its 
pickup very small in back. If the an- 
tenna can be oriented so that the de- 
sired station is picked up from the 
forward direction of the antenna and 
the undesired reflected signals ap- 
proach the antenna from the reflector 
side, the antenna will pick up only 
the direct signal, and ghosts will 
therefore be eliminated. If necessary, 
a director can be added to the for- 
ward side of the dipole to increase 
the directivity even more. This may 
not be possible if several channels are 
to be picked up, however, because the 
use of both the reflector and a director 
reduces the band width of the anten- 
na very seriously. 

Although the exact acceptance an- 
gles of antennas are often given in 
theoretical discussions, the only use 
made of such information in practice 
is to take it as a guide to whether an 
antenna is highly directional, broad- 
ly directional, or relatively non -direc- 
tional. No serviceman plots such an- 
gles before making an installation in 
an area where the signal strength is 
high. Instead, he puts up an antenna 
and, if ghosts are present, orients the 
antenna to see if he can eliminate 
them. Most servicemen put up a plain 
or folded dipole first if it seems likely 
that there will be little trouble with 
reflections. In a congested area, how- 
ever, where there are many buildings 
capable of causing reflections, it is 
highly probable that a reflector will 
be needed to eliminate ghosts. In such 
areas, therefore, most servicemen will 
install a dipole and a reflector from 
the start, particularly if such anten- 
nas are used in near -by locations. 

In areas in which there are several 
stations, the problem of eliminating 
ghosts caused by reflections is com- 
plicated by the fact that orienting the 
antenna to a position that eliminates 
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ghosts on one station may cut out an- 
other station altogether. In such a 
case, it may be necessary to use two 
antennas or an antenna rotator. We 

DIRECT SIGNAL 

OTHER 
STATION REFLECTED SIGNAL 

FIG. 2. Here ghosts can be eliminated by 
not picking up the direct signal. 

shall discuss this problem a little 
farther on in this Lesson. 

If it is not possible to orient the 
antenna so that you can pick up the 
direct signal but not the reflected one, 
it may be possible to turn it so that 
you can pick up the reflected signal 
and ignore the direct one. An example 
of a situation of this sort is shown 
in Fig. 2. Here, we cannot orient the 
antenna to eliminate the reflected sig- 
nal without also eliminating the direct 
signal, because the antenna picks up 
equally well from the front and the 
back. Further, we cannot put a re- 
flector on the side of the antenna from 
which the reflected signal comes, be- 
cause doing so would also eliminate 
the signal from the other station. 
However, we can put a reflector on 
the side of the antenna from which 
the direct signal comes, eliminating 
the direct signal and picking up both 
the reflected signal and the signal 
from the other station. A reflected 
signal is, of course, weaker than a 
direct one, because part of the signal 
is absorbed each time it is reflected. 
In a high -strength area, however, 
the reflected signal will probably be 

strong enough to operate the receiver 
well. 

Ghosts can also be caused tempo- 
rarily by a passing airplane that re- 
flects a signal to the antenna. Such 
ghosts are often annoying, particu- 
larly when the antenna is so near an 
airport that planes pass by frequent- 
ly, but there is very little that can 
be done about them. 

It is also possible for ghosts to be 
transmitted by a station itself. If 
there is a mismatch between the coax- 
ial network line and the input of the 
transmitter, for example, there may 
be reflections up and down the coaxial 
line that will cause a ghost signal to 
be applied to the input of the trans- 
mitter. There is nothing whatever 
that can be done at the receiver to 
eliminate ghosts of this sort, of course. 
You can usually tell whether a ghost 
is being transmitted by a station by 
watching several programs from that 
station. If the ghost is not present 
on each program, and particularly if 
it is present on network programs but 
not on local ones, the ghost signal is 
being transmitted by the station. 

IMPEDANCE MATCHING 

Ghosts caused by mismatches be- 
tween the antenna, the line, and the 
set can be corrected by matching the 
line to the set. On a new installation, 
it is always possible to use a trans- 
mission line that will match the im- 
pedance of the set, because there are 
only two input impedances (72 ohms 
and 300 ohms) used in modern sets, 
and both 72 -ohm and 300 -ohm lines 
are available. Therefore, if the input 
impedance of the receiver is fixed at 
all frequencies, it is possible to elimi- 
nate such reflections completely by 
using the line that will match the im- 
pedance of receiver input. Some re - 
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ceivers, however, have tuned inputs 
that may vary in impedance from sta- 
tion to station. There is no practical 
way of varying the impedance of the 
line similarly, so ghosts caused by im- 
pedance mismatches cannot be elimi- 
nated altogether when such a receiver 
is used. However, using a line that 
matches the nominal input impedance 
of this receiver will usually reduce 
the ghosts very considerably. 

If a customer who already has a 
television set buys a new one, the 
chances are that he will already have 
an outdoor antenna installed. If the 
line used with this antenna is not of 
the right impedance to match the new 
set, you will have to replace the line, 
or, if that is too difficult, use a trans- 
former to match the line to this set. 
A matching transformer that will 
match 72 ohms to 300 ohms is com- 
mercially available; a schematic dia- 
gram of one is shown in Fig. 3. This 

FIG. 3. Schematic diagram of a trans- 
former that matches 72 ohms to 300 

ohms. 

transformer will produce matches in 
either direction-in other words, it 
can be used to match a 300 -ohm line 
to a 72 -ohm receiver or vice versa. 

Generally speaking, it is not neces- 
sary to match the line to the antenna 
in an area where the signal strength 
is high. A mismatch between the line 

and the antenna causes only loss of 
signal as long as the line and the re- 
ceiver are matched. As a matter of 
fact, the antenna and line are often 
deliberately mismatched to produce 
broad -band reception. As you learned 
in an earlier Lesson, this is possible 

Courtesy Workshop Assoc -pates 

This is the matching transformer that is 
shown schematically in Fig. 3. 

only if the line has a higher impe- 
dance than does the antenna; then 
the increase in impedance of the an- 
tenna at off -resonance frequencies 
will make it approach the impedance 
of the line at those frequencies and 
therefore make the over-all response 
of the system better. 

Now, let us learn more about the 
problems involved in securing multi- 
channel reception. 

MULTI -CHANNEL RECEPTION 
Every TV antenna now used is 

directive to some extent; in other 
words, it will receive better in some 
directions than in others. As we just 
saw, it is often highly desirable for 
the antenna not to receive in some 
directions, since this permits ghosts 
to be reduced or eliminated. How- 
ever, it is often not desirable to have 
the antenna very directive when sev- 
eral stations must be picked up, be - 
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cause it may then be impossible to 
get all stations with a single antenna. 

There are two possible approaches 
to the problem of getting reception 
from several stations. One is to use 
a fixed antenna or a combination of 
fixed antennas that will, when prop- 
erly oriented, pick up all stations. 

The other way is to use a highly 
directive broad -band antenna that 
can be rotated mechanically to pick 
up the desired stations. 

An . arrangement of the latter sort 
is shown in Fig. 4. The antenna, 
which was described in an earlier 
Lesson, consists of a high -band folded 
dipole, a low -band folded dipole, and 
a low -band reflector mounted one be- 
hind the other in a horizontal plane. 
The high -band dipole acts as a direct- 
or for the low -band dipole, and the 
low -band dipole acts as a reflector 
for the high -band dipole. The radia- 
tion pattern of this antenna is very 

Courtesy Alliance Mfg. Co. 

FIG. 4. The "Tenna-Rotor" antenna 
rotator. 

directional for all television frequen- 
cies, having a single large lobe pro- 
jecting forward at right angles to the 
dipoles and practically no backward 
pickup. Its pickup is greater than 
that of an ordinary dipole for all 
channels except channel 2, for which 

the average pickup is about the same 
as that of a dipole. It is, therefore, 
very suitable for multi -channel use. 
Because of its single -lobed radiation 
pattern, however, it cannot be used 
unless all the stations are in the same 
general direction from the receiver or 
unless a rotator is used with it. In- 

TENNA-ROTOR 

CONTROL CABLE 

CONTROL BOX 

FIG. 5. Diagrams of the electrical com- 
ponents of the Tenna-Rotor and its con- 
trol box. The 4 -lead control cable runs 
from the motor to the control box. To 
trace connections, notice that each wire 
in the cable plugs into the control -box 

sòcket bearing the same number. 

cidentally, the transmission line of 
the antenna is not shown in Fig. 4; 
the line shown is the control cable for 
the antenna rotating motor. 

The "Tenna-Rotor" shown in Fig. 
4 is a slow -speed reversible motor that 
is mounted on top of the antenna 
mast. It has a hollow shaft into which 
the mounting post of the antenna can 
be inserted. Two clamps will hold the 
antenna mounting post in position. 
The motor is enclosed in a weather- 
proof housing. 

The direction of rotation is con- 
trolled by turning a switch on a con- 
trol box that is placed near the set. 
This box contains the transformer 
and a two -position switch; the sche- 
matic diagram of its internal connec- 
tions is shown in Fig. 5. The trans- 
former converts 110 -volt a.c. to 24- 
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volt a.c., the power supply from 
which the rotating motor is to run. 
This low voltage is used because the 
electrical code permits it to be car- 
ried about through an exposed cable. 
If 110 -volt a.c. were used for the con- 
trol circuits, the electrical cable from 
the control box to the rotator would 
have to be installed in rigid conduit, 
which is both difficult and expensive 
to use. 

Notice the switch S in the sche- 
matic diagram of the Tenna-Rotor 
shown in Fig. 5. This is a limit switch 
that closes when the motor turns as 
far as it can in either direction. As 
you can see from the circuit, closing 
this switch completes a circuit from 
the transformer through a small lamp 
in the control box; the lamp then 
lights, thus indicating to the operator 
of the device that the motor will turn 
no farther in the direction in which 
it has been moving. Although the 
motor cannot turn continuously in one 
direction, it can make a total rotation 
of 360 degrees from one end of its 
travel to the other. 

The 4 -conductor cable, which is 
visible in Fig. 4, connects the rotator 
to the control box. This cable is 
plugged into a receptacle in the box. 
The rotator will turn at a speed of 
about 1 r.p.m. when the control switch 
is thrown to the right or left and will 
stop instantly when the switch is 
brought to its center position. This 
speed of rotation is great enough to 
make the picture quality change 
quickly as the antenna rotates but 
not so great that the point at which 
the picture is best will be passed be- 
fore the operator can return the 
switch to its center position and stop 
rotation. 

Although other kinds of antennas 
can be rotated by this device, the 
one shown in Fig. 4 is particularly 

well suited for this use because it is 
mechanically strong and not very 
heavy. It would be more difficult to 
rotate a stacked array or another 
form of large antenna, although it 
can be done. 

A disadvantage of most antenna 
rotators developed up to the present, 
aside from the fact that they are 
rather expensive, is that many of 
them break down after a few months' 
service. This is purely a mechanical 
difficulty that will probably be over- 
come in the future by improvements 
in design. 

Sometimes using a rotatable antenna 
is the only way that good reception 
can be gotten from all stations. Often, 
however, it is possible to use a fixed 
antenna or a combination of fixed 
antennas to pick up all stations rea- 
sonably well. The use of a fixed an- 
tenna is desirable in one respect, be- 
cause it eliminates the cost of a ro- 
tator. Let's learn more about the use 
of these antennas for multi -channel 
reception. 

FIXED ANTENNAS 
Whether or not a fixed antenna can 

be used in a specific location to pick 
up several stations depends on the 
position of the location with respect 
to the stations and on whether or not 
reflections are present. It is often 
possible to use a single antenna or a 
combination of a high -band and a 
low -band antenna to pick up all sta- 
tions. Sometimes, however, it is nec- 
essary to use several antennas. 

In many locations, a dipole (plain 
or folded) or a dipole and a reflector 
will give good reception over several 
channels. The radiation patterns for 
a dipole in both the high and the low 
bands are shown in Fig. 6. The solid 
lines show the radiation pattern of 
the antenna for high -band frequen- 
cies, the dotted lines show it for low - 
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band frequencies. The addition of a 
reflector would reduce the backward 
pickup of low -band frequencies con- 
siderably, but it would not affect the 
pickup of high -band frequencies in 
this direction very much. It would 
also increase the forward pickup at 
low -band frequencies. 

As you can see from this radiation 
pattern, this antenna will pick up 
from most directions reasonably well. 
It will not pick up off its ends, how- 
ever, unless the station is very close 
by; therefore, if two low -band sta- 
tions that are at right angles to one 
another with respect to the antenna 
location are to be picked up, usually 
a single dipole cannot be used. It 
can be used to pick up two high -band 
stations that are at right angles to 
its location, however, since there is 
approximately a right angle between 
two of the major lobes in the high - 
frequency pattern. 

If all stations are on the same side 
of the dipole, a reflector can be added 
to secure greater forward pickup and 
reduce pickup from the backward 
direction. 

What we have said previously about 
dipoles applies to both plain and 
folded dipoles, since the two have 
identical radiation patterns. They 
differ in their impedances, however; 
the plain dipole has an impedance of 
72 ohms, and the folded dipole an 
impedance of 300 ohms. Therefore, if 
the receiver has a 72 -ohm input, it 
is logical to use a plain dipole and 
a coaxial line, thus getting an im- 
pedance match throughout the anten- 
na system. If the receiver has a 300 - 
ohm input, a folded dipole and a 300 - 
ohm line would give a match through- 
out. Some prefer to use a plain dipole 
and a 300 -ohm line with 300 -ohm re- 
ceiver, because this gives broad -band 
reception. 

High -band stations are somewhat 
difficult to pick up with an antenna 
that is cut for the low band, particu- 
larly those stations that are at the 
upper end of the high band. There- 
fore, when both low -band and high - 
band stations are to be received, it is 
often necessary to add an antenna cut 
for the high band to one that is cut 
for low -band use, isolating the two 
by connecting them with a quarter - 
wave length of transmission line. The 
two antennas can then be oriented 
separately to pick up the stations 
for which they are cut; and neither 
will have much effect on the other. 

FIG. 6. Radiation patterns in the low 
band (dashed lines) and the high band 
(solid lines) for a dipole cut to be X/2 

long in the low band. 

The dipole or folded dipole is the 
basic antenna that is used in most 
primary area installations, but there 
are other kinds having more complex 
radiation patterns that sometimes 
prove to be better for multi -channel 
use. One of these is the bat -wing an- 
tenna shown in Fig. 7. The radiation 
pattern of this antenna is shown in 
Fig. 8. As you can see, this antenna 
has multiple lobes at the high frequen- 
cies and the familiar figure -8 pattern 
of the dipole at low frequencies. In 
some locations, this pattern may 
prove to be ideal for picking up the 
various stations in the area. 
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FIG. 7. The bat -wing antenna. 

Another antenna having a multi - 
lobe pattern is the duo -dipole antenna 
shown in Fig. 9. This antenna con- 
sists of a thin dipole cut to be À,/2 at 
70 mc. that is mounted by inductive 
loops close to a thick dipole that is 
cut to be X/2 at 180 mc. The in- 
ductive loops provide both electrical 
connections and mechanical support 
for the low -band dipole. 

FIG. 8. Radiation patterns for the bat- 
wing antenna in the low band (dashed 
lines) and in the high band (solid lines). 

The radiation pattern of this an- 
tenna is shown in Fig. 10. As you 
can see, it has multiple lobes much 
like those of the bat -wing antenna 
for the high band and roughly a 
figure -8 pattern for the low band. Be- 
cause of the similarity in their radi- 
ation patterns, there is not much to 
choose between the bat -wing and the 
duo -dipole antenna; either may be 
well suited to a specific location, 

These are by no means the only 
kinds of television antennas that can 
be used in areas of high signal 
strength. As a matter of fact, new 
kinds of antennas are constantly be- 
ing introduced. Whether other kinds 
will be more useful to you than those 

FIG. 9. The duo -dipole antenna. The 
thick dipole is the antenna for the high 
band, the thin one that for the low band. 

we have already described depends 
principally on the location: if an an- 
tenna has a peculiar radiation pattern, 
it may solve an installation prob- 
lem that no other antenna will take 
care of. Usually, however, you can 
use a dipole or a combination of 
dipoles, with or without reflectors, to 
get a good signal in almost any lo- 
cation in a high -strength area. 

As a matter of fact, it is often not 
necessary to have a roof -mounted an- 
tenna in a location where the signal 
strength is high. It may be possible 

FIG. 10. Radiation patterns for the duo - 
dipole antenna in the low band (dashed 
lines) and in the high band (solid lines), 
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to use an indoor or a window antenna 
to operate a set satisfactorily. This 
is fortunate, since many apartment 
house owners will not permit erection 
of a roof -top antenna. 

We are going to describe the instal- 
lation of antennas in the last section 
of this Lesson. However, since the 
installation of an indoor or window 
antenna is a fairly simple job, we 
shall discuss such installations here 
and reserve the section on installation 
for the more difficult problem of in- 
stalling an outdoor antenna. 

INSTALLATION OF 
INDOOR ANTENNAS 

There are many types of indoor 
antennas on the market, all of them 
of about equal ability to pick up a 
signal. 

One popular form is shown in Fig. 
11. The poles of this antenna tele- 
scope and can be extended or closed 
up readily. As the figure shows, the 
angle between them can be changed 
as much as desired. The whole an- 
tenna can be picked up and rotated. 

Installation of this antenna is very 
simple. It comes equipped with an 
8 -foot length of 300 -ohm line; to in- 
stall it, just connect the line to the 
antenna terminals on the receiver. 

FIG. 
Courtesy Insuline Corp. of America 

A common form of indoor an- 
tenna that can be adjusted in length, 

angle, and position. 

11. 

FIG. 

Courtesy Jerrold Electronics Corp. 

12. An indoor antenna that is com- 
bined with a booster. 

Another form of antenna is shown 
in Fig. 12. This is like the one in 
Fig. 11 except that the antenna is 
connected directly to a booster, to 
the output terminals of which the set 
is connected. We shall discuss boost- 
ers in another Lesson at some length; 
for now, let's just say that a booster 
is a one- or two -stage r.f. amplifier 
connected between the antenna and 
the input of the set. A booster is 
usually tunable; the one shown here 
can be tuned to each of the low -band 
channels, to the FM band, and to 
channel 7. A single setting tunes it 
to channels 8 and 9 and another set- 
ting tunes it to channels 10, 11, 12, 

and 13. 

Sometimes, because of its gain, an 
antenna -booster combination of this 
sort will permit the use of an indoor 
antenna in locations where a plain 
indoor antenna will not furnish an 
acceptable signal. 

An indoor antenna should be placed 
close to the receiver; very often, it is 
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placed on top of it. Matching the 
impedance of the line to that of the 
receiver is of no particular importance 
when such an antenna is used, be- 
cause the line is so short that re- 
flections will cause no trouble. 

Courtesy Radio Merchandise Sales 

A typical booster. This device may be 
used with any kind of antenna. 

In most locations, it is necessary 
to adjust an indoor antenna for each 
station. The lengths of the arms or 
the angle between them may have to 
be adjusted, or the antenna as a whole 
may have to be rotated to get the best 
signal. This calls for the performing 
of a certain amount of work by the 
person operating the set, but, since 
most programs last for half an hour 
or an hour, most people are willing to 
spend a moment in making the ad- 
justments to get a satisfactory signal. 

Indoor antennas of this sort will 
work reasonably well on the upper 
floors of an apartment building. How- 
ever, they will often fail to give satis- 
factory performance on the ground 
floor or even on the second floor; and 
in basement installations, they are 
usually worthless. If it is impossible 
to obtain good reception with an in- 
door antenna, the more efficient win- 
dow antenna may give a satisfactory 
signal. 
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A typical window antenna is shown 
in Fig. 13. Usually an apartment 
owner who will not permit the use of 
an outdoor antenna will allow one of 
this sort to be used, because often 
his refusal to allow an outside anten- 
na to be erected is caused by the fact 
that he does not want holes drilled in 
the side of the building or the window 
casement to mount the antenna and 
bring the transmission line into the 
room. It is not usually necessary to 
drill any holes to erect a window 
antenna, and it is usually possible 
to use a flat ribbon of twin lead 
line and work it through the window 
opening without cutting any holes. 

To install an antenna of this sort, 
extend the adjustable cross arm until 
it is firmly secured between the two 
sides of the window opening. The 
short antenna mast can then be 
placed at any desired angle with re- 
spect to the wall of the building. There 
is no particular advantage to keeping 
the antenna away from the wall un- 
less the antenna has to be rotated; if 
rotation is not necessary, bring the 
antenna up close to the wall to make 
it as inconspicuous as possible. 

Courtesy Insuline Corp. of America 
FIG. 13. An adjustable window antenna. 

Such an antenna may not be us- 
able if the windows are of the case- 
ment type, which open outward. Even 
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if the windows are of this kind, how- 
ever, you may find it possible to 
mount the cross arm below or above 
the windows in the window opening, 
in which case you may be able to 
make the installation satisfactorily. 

If the window is the sort that can 
be raised or lowered, you can usually 
slip unshielded twin -lead line through 
the space between the top and bottom 
sashes. To do this, open one sash, 
slide the transmission line through 

Courtesy J. F. D. Mfg. Co., Inc. 
Another kind of adjustable window 

antenna. 

the space between the two, and close 
the sash again. If the two sashes 
happen to make a tight fit, there may 
not be room to do this without cutting 
or injuring the transmission line in 
the process. If so, you may be able 
to bring the line through above the 
top sash, under the lower one, or at 
some place where the two sashes do 
not fit tightly. 

Both the length and the orientation 
of this antenna can be adjusted; and 
usually both must be to get good re- 
ception. Finding the right adjustment 
of these two is a matter for experi- 
ment. It is usually best to start with 
the antenna extended to about its 
maximum length. Then rotate it to 
see if some position can be found 
that will give acceptable reception on 
all stations (of course, the antenna 
must be connected to the set and the 
set must be in operation when this is 

done). If it proves impossible to get 
a good picture from all stations, try 
shortening the antenna and then 
changing the position. It may be nec- 
essary to repeat this process several 
times to find the best setting and 
length. 

If you find that one position and 
length are best for one or two stations, 
but that another position and another 
length are needed to bring in some 
other station or stations, and you 
cannot find a compromise position 
that will permit all the stations to be 
received, it may be practical to in- 
stall two window antennas, adjusting 
one for one group of stations and the 
other for the other group. You may 
find it possible to connect both an- 
tennas to the receiver in parallel. If 
doing so produces a poor picture, use 
a low -capacity switch to connect the 
particular antenna you want to the 
receiver. The schematic diagram of 
the switching arrangement of this sort 
is shown in Fig. 14. An ordinary 2 - 
position knife -blade switch can be 
used. 

Although it is usually best to mount 
a window antenna in a window that 
faces the transmitter or transmitters, 
it is often possible to get just as good a 
signal on the other side of the house 

TO ANTENNA I TC ANTENNA 2 

TO RECEIVER 

FIG. 14. Arrangement that permits a 
receiver to be switched from one antenna 

to another. 

if there are near -by objects or build- 
ings that can reflect the signal to 
this side. Very often it is possible 
to get reasonably good reception even 
in unlikely locations with a window 
antenna. Of course, there are some 
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locations in wflich a window antenna 
will not prove satisfactory. 

TEMPORARY ANTENNAS 

Very often it is impossible to put up 
the permanent antenna at the same 
time that a set is delivered to the 
customer. In such a case, it is almost 
always necessary to furnish some kind 
of an antenna so that the customer 
can get reception temporarily until his 
permanent antenna can be installed. 

Probably the best way to provide a 
temporary installation is to lend the 
customer an indoor antenna. One of 
the kind shown in Fig. 11 is con- 
venient to carry and easy to install. 

A temporary antenna can also be 
made from a piece of 300 -ohm trans- 
mission line. Use a length approxi- 
mately 64 inches long, strip the ends 

64' 

TO SET 

t 
FIG. 15. A temporary antenna that can 
be made easily. Use 300 -ohm unshielded 

twin -lead line. 

of the lines, and solder the leads to- 
gether. Next, break one of the leads 
in the center of the strip and connect 
the two ends thus formed to the ends 
of another piece of 300 -ohm line (see 
Fig. 15). Connect the other end of 
this line to the receiver. 

A home-made antenna of this kind 
will usually give satisfactory recep- 
tion on at least some of the local sta- 
tions. You can lay it on the floor, 
perhaps under a rug, or hang it on 
the wall, say along the top of a win- 
dow ledge where it may be hung on a 
curtain rod. 

An antenna of this sort will prob- 
ably pick up considerable noise and 
may produce rather severe ghosts on 
some stations. It is not worth while 
to go to much trouble to attempt to 
correct these conditions, since a per- 
manent antenna installation will be 
made very soon, and the customer will 
probably be content to get at least 
some reception in the meantime. 

TRANSMISSION LINES 

Under most conditions, shielded line 
is preferable for city installations. The 
reason is that there is apt to be a 
great deal of man-made noise in al- 
most any city location: if the house 
where the antenna is to be installed is 
near the street, for example, the igni- 
tion noise of passing cars may cause a 
considerable amount of interference 
in the picture. The use of shielded 
line will pretty much eliminate this 
source of interference and most others 
caused by line pickup. In addition, 
shielded line is much more resistant 
to the effects of weather than is un- 
shielded line. 

Both coaxial line and shielded twin - 
lead line have higher attenuations 
than does ordinary twin lead. This is 
a matter of little concern in most pri- 
mary -area installations, however, 
since the signal strength in such an 
area is high enough so that line losses 
are unimportant. 

However, most servicemen use un- 
shielded twin -lead line whenever pos- 
sible, because it is less expensive than 
coaxial line and very much less ex- 
pensive than shielded 300 -ohm line. 
As we pointed out earlier, costs are 
often extremely important in an in- 
stallation. 
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Fringe -Area 
When you make an installation in a 

fringe area, your chief problem will 
probably be to get enough signal to 
operate the set. For this reason, you 
must use a high -gain antenna. You 
will almost invariably find it neces- 
sary to mount this antenna high in 
the air; an indoor or window antenna 
is seldom, if ever, usable in a fringe 
area. Because high -gain antennas 
usually have very narrow band 
widths, it is not uncommon to have to 
use a separate antenna for each sta- 
tion that is to be picked up. 

One of the main difficulties with 
fringe -area installations is that recep- 
tion is apt to be very spotty in loca- 
tions that are at a considerable dis- 
tance from the transmitter. It may 
be possible to get relatively good re- 
ception at one point and impossible 
to get anything at another point only 
a few hundred yards away. Even 
though there are television sets al- 
ready installed and working some- 
where near the place where you are 
considering making an installation, 
you cannot be sure on that account 
that a satisfactory installation can 
be made where you want to make it. 
For this reason, it is always a good 
idea to use a test antenna to learn 
what the reception possibilities are at 
the place you want to make the in- 
stallation before you go ahead with 
the installation. 

It is no easy matter to determine 
the signal strength at a particular 
location, particularly because, if a 
test antenna is used, you must get it 
as high in the air as the permanent 
antenna will be before you can tell 
what the reception will be like. Sev- 
eral methods have been suggested for 
putting up a test antenna without in- 
stalling a permanent mast first. In 
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at least one town, public interest in 
television was so great that it proved 
possible to persuade the local fire de- 
partment to use a ladder truck to put 
the test antenna high in the air, thus 
making it possible to plot the signal 
strength at various locations in the 
town. Helium -filled balloons have 
also been used to get a test antenna 
up; in fact, the Dewey and Almy 
Chemical Company of Cambridge, 
Mass., offers such a balloon for per- 
manent antenna installations in fringe 
areas. 

A less spectacular way to find out 
something about signal strength in a 
particular location is to raise a test 
antenna on a light mast. A simple 
way of doing this is to lay the mast 
on the ground and fasten the antenna 
to its top, then to raise the mast by 
hand and have several men hold it up 
while you are making your test. The 
bottom end of the mast can be slipped 
into a small hole in the ground to help 
steady it for this period of time. 

The local topography often deter- 
mines whether or not reception can 
be secured in a particular location. A 
near -by hill may cut off signals from 
locations near its base and may not 
interfere with reception at points far- 
ther away from it. A location in a 
valley may get little or no signal even 
if it is fairly close to the transmitter. 
On the other hand, it may be possible 
to receive well in a location on top 
of a hill over extremely long distances. 

At locations extremely distant from 
transmitters, it is sometimes possible 
to get intermittent reception. Stations 
in Washington, D. C., have been 
picked up in Texas, for example. Such 
reception is apparently caused by 
what are known as "tropospheric 
ducts," which are sometimes formed 



when weather conditions create a 
mass of warm air above the earth that 
is at a higher temperature than the 
air below it. Such ducts have the 
ability to refract or bend television 
signals so that they can be received 
over distances considerably greater 
than the line of sight. The existence 
of these ducts is only temporary, how- 
ever, so you should not be fooled by 
one of them into believing that reli- 
able reception is possible in a place 
where it is actually not. 

Naturally, a test antenna is of no 
use unless it is connected to a meter 
or to a television set so that it can 
show you what results are being se- 
cured. Generally speaking, it is better 
to use a TV set-usually a portable 
one for convenience-because doing so 
will let you see how good a picture is 
being received. A meter may show a 
relatively high signal level when ac- 
tually it is picking up considerably 
more noise than signal. Of course, the 

Courtesy J. F. D. Mfg. Co., Inc. 

An all -band antenna that can be used 
successfully in areas where the signal is 

fairly weak. 

Courtesy Technical Appliance Corp. 

The direction from which this antenna 
picks up can be reversed simply by 
throwing a switch (shown in its housing 
at the lower right) that can be mounted 
beside the set. This feature and the high 
gain of the antenna make it particularly 
suitable for use in areas located between 
two transmitters or groups of transmitters 
-between New York and Philadelphia, 

for example. 

very best test would be to use a re- 
ceiver exactly like the one that is to 
be installed; this is often not practical, 
however, particularly since the cus- 
tomer's purchase of any receiver will 
usually be contingent upon your being 
able to guarantee him good reception. 
You can usually be sure that a large 
set will give good reception if a port- 
able will. 

About the only general rule that 
applies to the proper location for an 
antenna in the fringe area is to get it 
as high as possible. Doing so will give 
whatever antenna you use a better 
chance to intercept a usable signal. 
In most fringe -area installations, you 
will have to use some kind of tower or 
very high mast to support the anten- 
na. Let's discuss these for a moment. 
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TOWERS AND MASTS 

Several kinds of towers that will 
permit an antenna to be raised high 
above the ground are now commer- 
cially available. The one shown in 
Fig. 16 is supplied in six-foot sections; 
as many as 20 of these can be bolted 
together, making a tower 120 feet tall. 
A tower this tall must be held up by 
guy wires. For heights up to 24 feet, 
however, the tower is self supporting. 
This particular tower is supplied with 
a mounting plate that can be used to 
mount it on the ground or on the roof 
of a house and with a stand-off sup- 
port than can be used to secure it to 
the side of the house. 

Another kind of tower is shown in 
Fig. 17. This tower is only ten feet 
tall; a pipe extension can be used with 

FIG. 16. 
that can 

Courtesy Alprodco, Inc. 

A light -weight aluminum tower 
be made as much as 120 feet 

high. 

Courtesy Wéncharyer Corp. 

FIG. 17. A self-supporting tower that can 
be made 20 feet high by using a pipe 

extension. 

it to raise the antenna twenty feet 
above the base of the tower. Since 
the tower is intended to be mounted 
on the peak of a roof, it can give the 
antenna a total height above ground 
of thirty or forty feet. 

If you prefer not to use commercial 
products of this sort, you may be able 
to build an adequate tower out of 
metal or wood. We cannot undertake 
to give instructions for doing so, but 
articles on the subject appear in the 
technical magazines from time to 
time. 

Although it is not likely that you 
will erect a tower that is tall enough 
to need a warning light on the top for 
the protection of passing airplanes, 
it would be a good idea for you to 
check the CAA regulations for the 
location at which you are going to 
erect the tower. If it is near an air 
field, a warning light may be neces- 
sary. 
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These pictures show only a few of the antennas offered by one manufacturer. As you ca 
probably settle on just a few types tha 
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Courtesy Technical Appliance Corp. 

in see, there are a great many kinds of antennas from which you can choose; but you will 
t will take care of all your installations. 
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A mast capable of supporting an 
antenna 30 or 40 feet from the ground 
can be made of sections of 2" pipe 
fitted together. Such a mast cannot 
usually be made self supporting- 
that is, it must be kept in position 
by guy wires. We shall describe the 
erection of such a mast later in this 
Lesson. 

ANTENNAS 
As a general rule, the complexity 

of the antenna you need for a fringe - 
area installation depends upon the 
signal strength in that area. If the 
signal strength is very low, a com- 
plicated array may be necessary; 
such an array is usually of a very 
narrow band width (in fact, many are 
generally usable for only one station), 
so you may have to use several such 
antennas if there are several stations 

Courtesy J. F. D. Mfg. Co., Inc. 

FIG. 18. A fringe -area antenna that can 
be used to receive stations in both bands 

at fairly long distances. 
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Courtesy La Pointe-Plascomold Co. 

FIG. 19. A multi -bay antenna that has 
been used to secure reception from ex- 

treme distances. 

within range. If the signal strength 
is not extremely low, you may be able 
to use a single antenna to get all 
stations. You should, of course, use 
the simplest antenna that will give 
you acceptable reception, particularly 
since complicated antennas are rath- 
er expensive. A stacked array of the 
sort shown in Fig. 18 will often pro- 
vide reception in a fringe area. Notice 
that this antenna has both a stacked 
low -band and a stacked high -band 
array; it can, therefore, be used to 
pick up more than one station. If 
greater gain is necessary, a multi - 
element array like that shown in Fig. 
19 may be used. 

Since there are so many kinds of 
antennas now on the market, with 
new ones appearing almost every day, 
we shall not attempt to tell you which 
specific one is best for certain con- 
ditions. Instead, you should keep in 
touch with the latest developments 
by reading the technical magazines 
in which new antennas are usually de- 
scribed. When you are considering 



the selection of an antenna for fringe 
area installation, make sure you 
choose one that has enough gain and, 
if possible, has a radiation pattern 
with major lobes that can be oriented 
toward the desired stations. You 
should not use a more complex array 
than is needed, both because the in- 
stallation will be unnecessarily ex- 
pensive and because the band width 
of the antenna usually becomes less 
as its complexity increases, with the 
result that the use of an over -com- 
plex array may prevent you. from 
picking up a station that you could 
get with one that was less compli- 
cated. 
`The impedance match between the 

antenna and the transmission line is 
-very important in the fringe area, as 

-you know. Often the loss of signal 
caused by a mismatch between the an- 
tenna and the line cannot be tole- 
rated. Unfortunately, however, the 
use of stacked arrays reduces the im- 
pedance of the antenna very consider- 
ably: the various elements in the 
stack are connected in parallel, so 
the net impedance of a two -bay an- 
tenna, for example, is half that of 
the individual antennas. Thus, an ar- 
ray consisting of two stacked folded 
dipoles has a net impedance of only 
150 ohms. There will therefore be a 
two -to -one mismatch between this ar- 
ray and a 300 -ohm line, which will 
cause a fairly considerable loss of 
signal strength. 

If the signal level at that location 
is so low that such a loss cannot be 
tolerated, it will be necessary to use 
some method of matching the anten- 
na to the line. 

One way out of this is to use a 
150 -ohm line and create a match at 
the set between the line and the set; 
the advantage of doing this is that 
it is not necessary to use a matching 

device at the antenna, where the con- 
nections to the device would be sub- 
ject to the effects of the weather. 
There is no shielded 150 -ohm line 
available, however; therefore, if it is 

necessary to use a shielded line be- 
cause of interference problems at the 
location, you will have to use a 300 - 
ohm shielded line with a matching 
section or matching stub at the an- 
tenna. 

Of course, the match between the 
antenna and the line is often not 
critical, even in fringe areas. If the 
antenna has enough gain, you can 
afford to waste some signal. If sev- 
eral stations are to be picked up by 
the same antenna, and the impedance 
of the antenna does not match that of 
the line, you will have to forget all 
about an impedance match; the only 
practical methods of matching the 
antenna to the line involve the use 
of a matching section or a matching 
stub, neither of which can be used 
for more than one channel. 

The best available antenna for ex- 
tremely long-range reception is the 
rhombic. We discussed this antenna 
in an earlier Lesson, where we pointed 
out that it is not usable in many 
locations because of the large amount 
of space required for it. If there is 
enough room, however, and the an- 
tenna can be gotten high enough, a 
rhombic will provide reception in a 
location where no other antenna will. 

If several stations that lie in dif- 
ferent directions with respect to the 
receiving location are to be picked up, 
an antenna rotator will be very help- 
ful. The antenna shown earlier with 
a rotator in Fig. 4 has fairly high 
gain, so it may be usable in a fringe 
area. The rotator shown in this figure 
is intended to support a maximum 
weight of only about 20 pounds; 
therefore, if a heavier or more elabo- 
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rate antenna is to be used, it will 
be necessary to use an auxiliary 
thrust bearing to support the weight 
of the antenna. Such thrust bearings 
are available from the manufacturer 
of the rotator. 

There are also heavy-duty antenna 
rotators available that are designed 
for use with amateur receiving and 
transmitting equipment. These are 
rather expensive, but they are husky 
enough to move almost any antenna 
and are relatively trouble -free. 

If there is very much electrical 
noise in a location in the fringe area, 
it will be almost impossible to get 
worth -while television reception there 
unless the antenna used has high noise 
rejection. The ability to reject noise 
is one feature of the stacked array 
that makes it particularly suitable 
for use in fringe areas. If a great 
deal of noise is present, the signal- 
to-noise ratio will be low, with the 
result that too much noise will be fed 

to the set, thus producing snow and 
lines in the picture. 

An annoying interference effect is 
sometimes produced in a fringe area 
that is about an equal distance from 
two stations on the same channel. 
Unless a uni -directional antenna is 
used, both stations may be picked up 
simultaneously. Even if they are 
transmitting the same program, there 
will usually be enough frequency dif- 
ference between the two carriers to 
produce interference. This interfer- 
ence bas been described as a "venetian 
blind effect," because it produces a 
series of bars across the face of the 
picture that resemble a venetian blind. 

Methods are being developed for 
synchronizing such transmitters so 
this interference will not be produced; 
There is nothing that can be done at 
the receiver to prevent it, unless a 
directional antenna is used that will 
cut out one or the other of the sta- 
tions. 

Installing Antennas 
When it comes to installing tele- 

vision antennas, mechanical ability is 
more important than electrical knowl- 
edge. In fact, usually the most dif- 
ficult part of any antenna installation 
is the mechanical job of erecting the 
antenna mast, and bringing the trans- 
mission line down into the house. For 
this reason, dealers and service or- 
ganizations very frequently have in- 
stallation crews made up of skilled 
mechanics who do not or need not 
have much technical knowledge of 
television. These men need to know 
only enough about electrical work to 
make the proper connections to an 
antenna and bring the transmission 
line down to the receiver. 
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Even though you, as a serviceman, 
may not make a regular practice of 
installing antennas, you will probably 
be called on to do so occasionally or 
to supervise the work of an installa- 
tion crew. At any rate, you should 
know how to put an antenna up. We 
shall show you how in the following 
section of this Lesson. 

The mechanical problem of mount- 
ing an antenna outdoors makes it nec- 
essary to use tools that are not usual- 
ly in a serviceman's kit. Let's see 
first what these tools are. 

TOOLS NEEDED 
Since the antenna mast is often 

secured to the side of a brick building, 



you will need equipment tlíát will per- 
mit you to drill holes in brick or 
masonry. This should include a slow - 
speed electric drill that will handle 
a 1/2" masonry drill, a Rawl tool,. 
some Rawl plugs, a supply of 1/4-20' 
machine -screw anchors, a tool for 
expanding the anchors, a 1/2" star 
drill, and a ball peen hammer. The 
electric drill should have at least a 
100 -foot power cord, or a 100 -foot ex- 
tension cord should be used with it. 

You will also need various hand 
tools, such as pliers, wrenches, screw- 
drivers, and a hack -saw. Further, 
you will need a brace and bit for drill- 
ing through wood and a high-speed 
electric drill that will handle a 1/4" 
drill for drilling through metal. Final - 

Courtesy Kemode Mf g. Co. 

FIG. 20. An outdoor soldering iron that 
is heated by firing a cartridge contained 
in the head of the iron. Top, the com- 
plete iron; center, inserting cartridge; 

bottom, firing cartridge. 

ly, you will need a supply of clamps, 
stand-off insulators, heavily galvan- 
ized guy wire, porcelain insulators for 
use with the guy wire, and galvanized 
or brass 1/4" mounting bolts, as well 

as any special material' needed to 
secure the antenna. 

Although you do not need to use a 
soldering iron very often, you will 
find an occasional use for one when 
you are making an outdoor installa- 
tion. A new kind of soldering iron 
shown in Fig. 20 has been developed 
for outdoor use. This iron contains 
a cartridge that can be "fired" by 
pulling out and releasing a rod that 
projects through the handle. When 
this rod strikes the end of the car- 
tridge, chemicals contained within the 
cartridge are ignited. These chemicals 
will burn for several minutes, bring- 
ing the tip of the iron to soldering 
temperature in a few seconds and 
keeping it there for six to eight min- 
utes, furnishing as much heat in this 
time as a 250 -watt iron will. The 
cartridge is replaceable. An iron of 
this sort can be a great convenience, 
particularly when you are working 
outdoors and no source of electric 
power is available. 

DRILLING MASONRY 
Very often in making an installa- 

tion it is necessary to secure the an- 
tenna mast to the side of a brick 
building. This is done by fastening 
some form of clamp to the bricks by 
screws. Since you may be unfamiliar 
with the technique used to secure 
screws to masonry, we shall take a 
moment to explain it. 

A screw cannot easily be driven 
directly into a brick. Instead, the 
usual practice is to drill a hole in the 
brick, insert an expandable metal or 
fiber plug in the hole, and force the 
plug outward until it is securely fast- 
ened in the hole. Screws are then 
driven into this plug (which is often 
already threaded to accept a machine 
screw) . 

Holes can be drilled in brick either 
with an electric drill or by hand 
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Hand drilling, which is done by ham- 
mering in a tool known as a star drill, 
is slower and more laborious than 
using an electric drill, but it is capable 
of giving a good job; if electric power 
is not available, it is usually the only 
way that the hole can be made. 

Fig. 21 shows the various steps in- 
volved in the process of securing a 
screw to brick. First, you should drill 
a pilot hole with a Rawl drill. The 
Rawl drill is a sharp -pointed tool that 
is hammered into the brick; one of the 
smaller sizes can be driven in rather 
easily. A typical Rawl drill and drill 
holder are shown at the left in the top 
illustration in Fig. 21. Beside them is 
shown a star drill. 

To make a hole with a Rawl drill, 
hammer it into the brick, using firm 
but not excessively strong blows. After 
each blow, rotate the tool a quarter 
turn or so and lift it. It is best to 
wear heavy gloves when you do this 
to protect your hands and to keep 
them clean. 

Next, drill a 1/2" hole in the brick, 
using the small hole as a guide. Make 
the hole just the depth of the anchor 
to be used in it. The second illustra- 
tion in Fig. 21 shows this hole being 
made with a star drill (the operation 
of using a Rawl drill would look just 
about the same). Like the Rawl tool, 
a star drill is driven in by hammer 
blows; you should rotate it and lift 
it after each blow to clear out the 
chipped masonry and to make a 
smoother hole. 

If electric power is available, an 
electric drill equipped with a 1/2" bit 

FIG. 21. How to drive a screw into brick. 
Use a Rawl drill and holder (top left) to 
drill a pilot hole, then a star drill (top 
right) to drill a hole for a screw anchor. 
Imbed the anchor in the hole with an 
expansion tool. The screw can then be 
turned into the threaded insert in the 

anchor. 
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will let you drill the hole faster than 
you can with a star drill. Be sure not 
to drive an electric drill so hard that 
the bit becomes overheated, because 
the bit may be ruined if you do. 

When the hole is finished, insert a 
lead screw anchor in it. The next 
illustration in Fig. 21 shows the ap- 
pearance of one of these anchors when 
it is first inserted in the hole. 

Next, use an expansion tool to seat 
the anchor firmly against the sides of 
the hole. This tool has a small pro- 
jection on one end that fits into the 
center hole of the anchor. Hammer- 
ing the other end of the tool forces the 
plug to expand tightly against the 
sides of the hole. The next illustra- 
tion in Fig. 21 shows what the fitting 
looks like after it has been imbedded 
in the hole. 

In most forms of these screw an- 
chors, there is a brass insert in the 
middle of the anchor that is threaded 
to accept a 1/4-20 machine screw. 
Therefore, such a screw can be used 
to secure a clamp or whatever form of 
mounting is to be used to the anchor, 
as shown in the bottom illustration in 
Fig. 21. If the anchor has been prop- 
erly installed, the screw will be so 
secure that it will remain in place 
when it is subjected to an outward 
pull almost as great as its tensile 
strength. 

Other kinds of anchors are also 
used. Most of these are metal devices 
that will expand when machine screws, 
lag screws, or special nails are driven 
into them. Rawl plugs are often used 
to hold small screws in masonry, such 
as the small supports used to secure 
transmission lines to the side of the 
house. These Rawl plugs are made of 
twisted jute fibers. When one is in- 
stalled in a hole and a screw is run 
into it, the jute fibers are compressed 
against the sides of the hole and hold 

the screw securely. These plugs come 
in various sizes, for each of which 
there is a Rawl drill and a matching 
screw. When you are using one of 
these plugs, drill a hole whose total 
depth is a little longer than that of 
the screw that is to be run into it, 
minus the thickness of the material 
that is to be fastened. 

When you are drilling a hole in a 
brick wall, be sure not to drill into 
the mortar between the bricks. A 
screw anchor will not hold permanent- 
ly in mortar. 

CHOOSING THE 
ANTENNA LOCATION 

The best place to mount the an- 
tenna mast depends very largely on 
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Courtesy Star Expansion Bolt Co. 

Four kinds of anchors that can be used 
to secure screws or lag bolts to brick or 
concrete. Each is inserted in a hole in 
the masonry, then expanded (either by 
using a special tool or by driving in the 
screw or bolt) until it is seated firmly 

against the sides of the hole. 

the construction of the house. One of 
the commonest ways of mounting an 
antenna mast is to secure it to the 
chimney with chimney straps like 
those shown in Fig. 22. However, 
many insurance policies will not pay 
for damage caused by the wind to a 
chimney if the chimney is used to 
support anything (including an an- 
tenna). Always check the customer's 
insurance policy or warn him of this 
possibility before deciding on the 
chimney as a place to mount the 
antenna. 
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Courtesy Phoenix Electronics, Inc. 

FIG. 22. A mount that makes it easy to 
fasten an antenna mast to a chimney. 

Several kinds of smaller straps are 
also offered that permit a mast to be 
secured to a vent pipe. There is 
usually no objection as far as insur- 
ance policies are concerned to a 
mounting of this sort. There are also 
mounting devices on the market that 
permit the antenna to be mounted 
inside the vent pipe. These mounts 
are not legal in very many places, 
however, because there are local ordi- 
nances in almost all communities that 
prohibit blocking of vent pipes in any 
manner. 

Always investigate to find out if 
there are any local ordinances in your 
community that affect the position, 
the mounting, or the height of an an- 
tenna. Make yourself familiar with 

Courtesy Shure -Antenna -Mount, Inc. 

FIG. 23. This versatile mount can be used to secure an antenna mast to almost any 
part of a roof or gable. 
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such ordinances before you start mak- 
ing installations; otherwise, you may 
subject yourself or your customers to 
fines by following some practice that 
is prohibited. 

Antenna masts are often fastened 
to the roof or side of the building 
near the roof. An antenna mount of 
the kind shown in Fig. 23 can be used 
to mount a mast on the peak of a 
roof, on the side of a roof, or on the 
side of a building. The simple clamp 
shown in Fig. 24 can also be used to 
secure masts to the side of a building. 

Courtesy Insuline Corp. of America 
FIG. 24. Simple pipe clamps of this sort 
can be used to fasten a mast to the side 

of a building 

When you are mounting an antenna 
mast on a roof, you should be very 
careful not to create leaks in the roof 
by running the mounting screws into 
it. A good way to prevent leaks is to 
use a thin lead washer between the 
head of the mounting screw and the 
outer surface of the mount. To make 
such a washer, take a small piece of 
lead 1/16" thick and punch a small 
hole in it with a nail. You can then 
run the screw through the piece of 
lead and secure a good seal that will 
prevent water from leaking down the 
shaft of the screw into the house. As 
an extra precaution, it is a good idea 
to put a dab of roofing cement under 
the mounting plate on the roof at the 
point where the mounting screw will 
penetrate. 

It is possible to drill holes in a slate 
roof, but you are always taking a 
chance of cracking one or more of the 

slates if you do so. We advise you 
to avoid roof mounting when the roof 
is slate. Instead, secure the mounting 
bracket or clamps to the side of the 
building. 

An antenna mounting plate is ordi- 
narily not secured to a flat roof. In- 
stead, the mounting plate is secured 
to a heavy block of wood that acts as 
a base, and the antenna is held in 
position with three or four guy wires 
fastened at convenient anchor points. 
If the roof has a parapet, the antenna 
can be secured to the parapet with 
clamps like those used to secure it to 
a brick wall. The special mount shown 
in Fig. 25 has been developed for use 
with parapets, which are very corn - 

Courtesy .1. F. D. Mío. Co., Inc. 
This base plate can be used to mount an 

antenna mast in almost any position. 

monly found on top of apartment 
buildings. 

Very often, particularly in areas 
where the signal strength is high, you 
can get good results by mounting the 
antenna in the attic. A roof in which 
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little metal is used, such as a slate or 
wood roof, does not attenuate signals 
much. Installations of this sort are 
sometimes permitted in apartment 
houses where roof -top installations 
are not. If space is available, it is 
wise to try the attic before attempting 
a difficult roof mounting job, unless 
you are sure that the antenna must 
be higher than an attic mounting will 
permit it to be, or unless the roof top 

FIG. 25. A parapet mount, often useful 
in apartment -house installations. 

is apt to be covered with snow for a 
considerable period. A heavy snow 
on the roof will attenuate consider- 
ably the signals passing through the 
roof. 

STRAIN 
INSULATORS 
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FIG. 26. This drawing shows the dimensions and locations of the guys needed to 
keep a tall mast in place. 

Whenever you do mount the an- 
tenna outdoors, you must make sure 
that the mast will be strongly and 
firmly held. Remember that there will 
be considerable force exerted on the 
antenna when a strong wind is blow- 
ing and that it may become very 
heavy if snow or ice collects on it. 
Therefore, the mast must be held very 
securely. 

As a protection against lightning, 
the antenna mast should be grounded. 
If its mount insulates it from ground, 
connect it to ground with a number 
8 armored wire or a number 6 bare 
wire. (These are the wire sizes re- 
quired by the Fire Underwriters.) Run 
the grounding wire straight down to a 
metal stake that is firmly embedded 
in the ground. If the mast is clamped 
to a vent pipe, it will be unnecessary 
to use a ground wire, since the vent 
pipe will already be well grounded. 
Just make sure that there is a good 
electrical connection between the 
mast and the pipe. Sometimes the 
ground wire is brought over from the 
mast to a vent pipe when the mast is 
mounted somewhere near -by; how- 
ever, this system does not give as good 
protection against lightning as does 
the wire run directly to the ground, 
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because lightning may escape from a 
conductor that makes a bend. 

If the mast is rigidly supported at 
its base or supported at two or more 
points along its length, you will not 
usually need guys if its unsupported 
length is less than 15 or 20 feet. 

If the base of the mast is not sup- 
ported but is merely kept from mov- 
ing by the mount, or if the mast is 

FIG. 27. The kind of strain insulator 
shown at the top should be used with 
mast guy wires. The kind at the bottom 

is not suitable for this use. 

very small in diameter or more than 
15 or 20 feet tall, guy wires should 
be used to keep it rigid. The sketch 
in Fig. 26 shows how these guys 
should be attached. At least three guy 
wires should be used at each guying 
point. 

These guys should be made of num- 
ber 6 or number 8 stranded galvanized 
steel wire unless the manufacturer of 
the antenna recommends some other 
size. The guys should not be con- 
tinuous; to prevent them from affect- 
ing the radiation pattern of the an- 
tenna, they should be broken up at 
intervals that are greater or less than 
the length of the antenna. Strain in- 
sulators of the kind shown at the 
top of Fig. 27 should be used to 
break them up. This insulator is 
made so that the two sections of the 

guy wire that pass through it are 
interlocked (although separated by 
the insulator) ; thus, if the insula- 
tor should break, the guy wire will 
not come apart. The kind shown at 
the bottom of Fig. 27 should not 
be used, because the guy wires will 
part if it breaks. 

There should be a turnbuckle in 
each guy wire so that it can be tight- 
ened after the mast is erected. A guy 
should not be brought to its final 
tightness with the turnbuckle the first 
time it is adjusted; instead, each guy 
should be tightened in turn until all 
are moderately tight and tightened in 
turn again until each is at its final 
tautness. 

TALL MASTS 
The erection of a tall mast is much 

more complicated than the erection of 
the usual 10- or 20 -foot antenna mast. 
The antenna and transmission line 
must of course be mounted on the 
mast before it is erected, which makes 
the assembly rather heavy. A crew 
of men is therefore needed to raise the 
mast with the antenna in place. 

Before attempting to raise such a 
mast, you must have a mount pre- 
pared that will hold the base of the 
mast once it is up. One of the simpler 
ways of raising the mast after this 
mount has been prepared is to have 
one man at the mount to guide the 
base of the mast into it, another close 
to the base of the mast who will help 
in getting the mast started up and 
then help the first man to guide the 
mast into its mount, and at least one 
man on each guy to pull the mast up 
and to keep it from toppling over after 
it is erect. Since the mast should be 
guyed every 10 or 15 feet, and since 
there should be at least three guy 
wires at every guying point, some six 
or nine men will be needed to pull up 
a 40 -foot mast. 
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Anchors should be provided before 
the mast is erected so that the guys 
can be quickly secured once the mast 
is up. Of course, turnbuckles should 
be installed in each guy so that it can 
be tightened. 

The mast, of course, should be of 
strong enough material to be able to 
hold itself up without bowing. Two- 
inch pipe is probably strong enough 
for a 40 -foot mast; if the mast is to 
be much taller than this, either a very 
heavy pipe or some form of lattice 
work construction of light pipe or 
wood should be used. 

There are two schools of thought on 
the subject of how high the top guys 
of the mast should be. If the mast is 
to remain rigid, it should be guyed 
very near the top. Some engineers, 

Courtesy Alprodco, Inc. 

A mast is often secured to the side of a 
house, as shown here, to simplify the 

problem of supporting it. 

however, feel that the top guys should 
be about 10 feet below the top of the 
mast. If this latter construction is 
used, the mast top will sway in a high 
wind, but it will not break, whereas 
the rigid mast may be knocked over 
when the wind becomes very strong. 
If the place where the antenna is 
erected is swept by high winds, the 
construction that permits the mast to 
sway slightly is probably better. 

MOUNTING THE ANTENNA 

Usually the antenna must be 
mounted on the mast before the mast 
is put in place. At what point in the 
procedure this should be done depends 
upon what kind of installation is being 
made. If it is a simple roof mounting, 
often the easiest thing to do is to 
carry the unassembled antenna up to 
the roof, assemble it there, mount it 
on the mast, secure the transmission 
line to it, and then erect the mast. Of 
course, this may be something of a 
job if the roof furnishes only a pre- 
carious perch. 

Some antennas are designed so that 
they can be folded until it is time to 
erect them. Such an antenna can be 
mounted on the mast on the ground, 
then the whole assembly can be 
brought conveniently up to the roof, 
and the antenna can be snapped out 
to its final position just before the 
mast is erected. An antenna of this 
sort, if it is designed so that it cannot 
fold up again after the installation is 
completed, can be a very great time 
saver. 

If the antenna is to be mounted on 
clamps secured to the side of the 
building, mounting the antenna on the 
mast becomes something of a prob- 
lem. It may be possible to mount the 
antenna on the mast on top of the 
roof, then carry the whole assembly 
over to the side of the house where it 
is to be mounted. At other times, it 
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may be necessary to mount the an- 
tenna on the mast on the ground and 
then carry the assembly up a ladder. 
Either procedure may be rather dan- 
gerous, so the installing crew should 
exercise great care in making such an 
installation. 

As we mentioned earlier, the an- 
tenna must be mounted on a tall mast 
before the latter is erected. If a tower 
is used, it may be possible to climb it 
afterward and mount the antenna on 
the peak of the tower, but it is usually 
a dangerous and difficult task to do 
so. 

ANTENNA ROTATOR 

When an antenna rotator is to be 
used, it must first be clamped on the 
top of the mast; the antenna must 
then be installed in the movable sec- 
tion of the rotator. This will, of 
course, have to be done before the 
mast is erected. The only extra prob- 
lems the rotator creates are that it 
adds weight to the top of the mast 
and that it must have a power lead 
brought to it. A suitable power and 
control line is generally supplied with 
the device. 

RUNNING TRANSMISSION LINES 
A transmission line must be secured 

to the antenna mast or mounting 
somewhere close to the point at which 
the line is electrically connected to 
the antenna. A line should never be 
allowed to hang free from the anten- 
na, because it will eventually break 
loose. Often some form of clamp is 
provided on the antenna or on the 
mast to remove all strain from the 
connections themselves. One such 
strain relief clamp is shown in Fig. 28. 

Ordinary twin -lead line is very easi- 
ly secured to the antenna. All you 
need to do is to split the insulation 
in the middle and strip it from the 

FIG. 28. A typical strain relief clamp. 
Some such clamp should always be used 
near the point at which the transmission 
line is connected to the antenna to pre- 
vent the weight of the line from damag- 

ing the connections. 

leads with a knife. The leads can 
then either be wrapped around the 
terminals of the antenna and bolted 
or be fitted with lugs that can be 
slipped over the antenna terminals. 
The latter method is usually preferred. 

Shielded lines are somewhat more 
difficult to connect to the antenna be- 
cause of the presence of the braid. 
One of the best ways of separating 
the braid from the inner conductor of 
a coaxial line is shown in Fig. 29. To 
prepare a coaxial cable this way, first 
strip off about 6 inches of the rubber 
outer covering (Fig. 29A). Next, push 
the braid apart with an ice pick or 
some other pointed tool at a point 
about an inch from the end of the 
outer insulation (Fig. 29B). Next, 
bring the inner conductor out through 
the hole thus formed in the braid 
(Fig. 29C) . Stretch the braid by pull- 
ing on its end until it closes tightly 
around the inner conductor. Finally, 
solder lugs to the end of the braid and 
to the end of the inner conductor (Fig. 
29D). 

Shielded 300 -ohm twin lead requires 
even more elaborate treatment so that 
water will not run down inside it. The 
steps to follow to prepare the end of 
one of these lines for connection to an 
antenna are shown in Fig. 30. First, 

31 



FIG. 29. Steps in fitting terminals to the 
conductors of a coaxial cable. 

remove 3 inches of the outer jacket 
from the end of the line (Fig. 30A) . 

Next, remove a 2 -inch length of the 
copper braid (Fig. 30B). Pull the 
remaining inch of braid back over the 
outer jacket (Fig. 30C). Solder a pig- 
tail of No. 18 wire to the braid, using 
a length that will leave at least 4 
inches of the pigtail free. Strip an 
inch of the polyethylene insulator 
from the leads (Fig. 30D). Next, close 
the end of the cable with Scotch elec- 
trical tape (Fig. 30E) to keep water 
out of the jacket (this is often called 
"serving" the line) . If you prefer, 
you can apply a coat of some water- 
proof plastic, such as polystyrene 
dope, over the exposed ends. Slip 
solder lugs over the tubing and solder 

the leads to the lugs, using a minimum 
amount of heat so that the poly- 
ethylene will not be injured. Follow 
this procedure for both ends of the 
lead-in. 

A shielded line, either coaxial line 
or shielded 300 -ohm twin lead, can be 
secured directly to the antenna mast. 
Unshielded twin lead, however, should 
be spaced out from the mast to pre- 
vent its characteristics from being 
affected by the near presence of the 
metal of the mast. Masts supplied 
with antennas often have rubber 
spacers for this purpose. 

The transmission lines should be led 
as directly as possible from the an- 
tenna to the receiver. Unshielded 
twin -lead line should be twisted once 
every foot, to reduce pickup of local 
interference; shielded line can be run 
straight. 

Whenever possible, it is advisable 
to bring the line in through the base- 
ment and through the floor in back 
of the set. This will make it unneces- 
sary to run long lengths of line 
through the house. To make an in- 
stallation of this sort, the line may be 
brought down the side of the house 

Courtesy J. F. D. Mfg. Co., Inc. 

This stand-off insulator is used to space 
twin -lead line away from an antenna 

mast. 
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FIG. 30. Steps in preparing the end of a shielded twin -lead line for connection to 
an antenna. 

to a basement window. You can then 
drill the casement of the window and 
bring the line in through it. Just be- 
fore the line is brought into the house, 
a lightning arrester should be inserted 
in it. You can then bring the line 
over from the window to the point 
where the hole is drilled in the floor 
at the rear of the set. 

The owner may prefer the trans- 
mission line to be brought directly 
into the room in which the set is lo- 
cated without going through the base- 
ment, or the installation may be made 
in a house that has no basement. If 
so, bring the line through a hole 
drilled in the casement of the window, 
mounting the lightning arrester inside 
the window. Lead the line to the set 
from the window along the baseboard. 
If it is a shielded line, secure it to the 
baseboard with staples; if it is un- 
shielded twin lead, you can drive 
fiber -headed tacks through the center 
of the insulating ribbon to secure it. 

Twist unshielded line once each foot 
to reduce pickup of local interference. 

Whenever you drill a hole through 
the casement of a window to bring a 
transmission line through, be sure to 
slant the line downward from the in- 
side of the house. This will prevent 
rain from coming in along the line. 

It may be possible to bring un- 
shielded twin lead in between the two 
halves of the window in the manner 
described earlier for a window an- 
tenna installation. This will make it 
unnecessary for you to drill a hole 
through the casement. 

A shielded line can be secured to 
the side of the house without fear that 
its characteristics will be changed 
thereby. Unshielded twin -lead line, 
however, should be fastened to the 
house with stand-off insulators. The 
type shown in Fig. 31 is well suited 
to this use. If the house has masonry 
walls, you must drill holes and insert 
plugs in them for the screws in these 
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insulators. Insulators of this sort 
should be installed before the trans- 
mission line is brought down, and they 
should be placed so they will be di- 
rectly along the path that the line is 
to follow. 

The location of the transmission 
line with respect to its surroundings is 
often important. In addition to being 

Courtesy Phoenix Electronics, Inc. 
FIG. 31. Stand-off insulator for twin - 

lead line. 

run as directly as possible from the 
antenna to the set, the line should 
also be removed as much as possible 
from sources of interference. For ex- 
ample, a transmission line brought 
down the back of a house away from 
the street is much less likely to pick 
up ignition interference than is one 
that is brought down the street side 
of the house. It is also wise to make 
sure that the transmission line is not 
in some location where it can be dam- 
aged easily-in particular, it should 
be kept out of reach of children. 

ORIENTING THE ANTENNA 
When an antenna has been installed 

and connected to a set, it must be 
oriented to produce the best possible 
reception from each of the stations in 
the vicinity. If the antenna is equipped 
with a rotator, of course, finding the 
right orientation is no problem; the 
customer will turn the antenna to 
bring in the best picture each time he 
tunes in a different station. If the 
antenna is to remain in one place, 
however, it must usually be carefully 
oriented before the installation is 
completed so that the reception on all 
stations will be equally good. 

Orientation of the antenna is gen- 
erally a two -man job. There must be 
one man on the roof to turn the an- 
tenna, and there must be another at 
the receiver to watch the effect of 
turning it. These two men must have 
some way of communicating with one 
another so that the man turning the 
antenna can learn what happens when 
he turns it. A telephone like that 
shown in Fig. 32 is frequently used 
for this purpose. 

This particular telephone is sound 
operated. A sound -operated telephone 
is equipped with a high -output mag- 
netic microphone that is capable of 
operating a telephone receiver over 
a considerable distance without 
amplification. The chief advantage 
of such phones is that they require 
no external power source. Conven- 
tional battery -operated telephones 
are, of course, perfectly usable. 

Some installation crews clip their 
sound -powered telephones across the 
ends of the transmission line, thus 

Courtesy Wheeler Insulated Wire Co., Inc. 

FIG. 32. A sound -powered telephone 
handset. 

saving themselves the trouble of hav- 
ing an extra inter -connecting line be- 
tween the antenna position and the 
set position. However, it is often in- 
convenient to do this, since the end 
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Sound -powered phone in use during 
orientation of an antenna. 

of the transmission line at the antenna 
may be many feet in the air; further, 
connecting the telephone across the 
line may affect the characteristics of 
the line and thus impair the quality 
of the picture, thereby making it diffi- 
cult to judge how good the picture is. 
For this reason, we recommend that 
you have a separate connecting line 
between the two telephones. 

There are many possible systems 
you can use to find the right orienta- 
tion for the antenna. The one we are 
going to describe, however, is easy to 
follow and has proved to be very 
satisfactory. 

Let's assume that you are the man 
turning the antenna. First, orient the 
antenna so that it receives best from 
the north (that is, if it is a dipole, 
point its rods east and west) , and 
have your assistant at the receiver 
tune in the lowest -frequency station 
that can be received. Then have your 
assistant describe the quality of the 

picture to you as you rotate the an- 
tenna. For example, as the antenna 
is rotated, your assistant may make a 
report something like this: "Faint 
picture. Getting better-better-good 
picture-getting worse-no picture." 

You must keep a record of picture 
quality versus antenna position as 
you rotate the antenna. A convenient 
way to do so is to use a chart like the 
one shown in Fig. 33. Mark a heavy 
line on the chart to represent the 
direction the antenna is turned when 
the reception is reported to be good, 
and make a broken line to show those 
directions in which the picture is re- 
ported to be poor or non-existent. If 
the picture is reported to have ghosts 
in it, draw a wiggly line to show the 
directions in which the ghosts appear. 

After you have made a complete 
rotation of the antenna in this man- 
ner, you will have a chart that shows 
how well the antenna receives that 
particular station in each of its pos- 
sible positions. Next, repeat the proc- 
ess with the station next higher in 
frequency tuned in. Draw another 
line outside the first one to show how 
well the second station is received. 

w 
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FIG. 33. Use a simple chart of this sort 
to help you determine the best orien- 

tation. 
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If there are more than two stations, 
repeat the process again for each. 

The completed chart for a location 
in which four stations are present 
might look something like the one 
shown in Fig. 34. This indicates that 
a clear, ghost -free signal can be got- 
ten from three stations in the posi- 
tion marked A, but that the fourth 
station cannot be picked up there or 
in any other position in which the 

E 

A. ¡ / CHANNEL 2 
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CHANNEL 9 

s 
FIG. 34. How the filled -out orientation 
chart might appear after you have made 

reception tests at a location. 

other three stations are picked up 
well. When this happens, it is usually 
necessary to add another antenna-a 
high -band one in this case, since it 
is channel 9 that cannot be received 
well. This antenna should be oriented 
separately. 

If you are installing a high -band, 
low -band antenna right from the start 
on the basis of previous experience, 
orient the low -band antenna for the 
low -band stations and the high -band 
antenna for the high -band stations. 
Generally speaking, the two antennas 
will not have very much effect on one 
another if they are separated by a 
it./4 length of line. 

If you install a single antenna and 
find it necessary to use a high -band 
antenna in addition, you can get a 
high -band attachment that you can 
clamp on the antenna mast. This will 
be far more convenient than it would 
be to install a separate antenna or to 
replace the antenna with a high -band, 
low -band combination. 

36 



Lesson Questions 

Be sure to number your Answer Sheet 60RH-3. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 

finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. What are usually the two chief problems in primary -area antenna in- 

stallations? 

2. Under what two conditions can a highly directive antenna be used to 

receive signals from several stations? 

3. Why are antenna rotator motors usually operated from 24 -volt a.c.? 

4. What is the effect on reception of using a 300 -ohm line with a plain 
dipole in an area where the signal strength is high? 

5. In investigating the signal strength in a fringe area, why is it better to 
connect a TV set to your test antenna than to use a meter to measure 
the antenna pickup? 

6. If a house has a slate or tile roof, where should you secure the antenna 

mount if an outdoor antenna is needed? 

7. Why should guy wires used with antenna masts be broken up by insula- 

tors instead of being continuous? 

8. Why is it important to "serve" the end of a shielded 300 -ohm line at 
the antenna end? 

9. Why should you twist unshielded 300 -ohm line once every foot? 

10. In a city installation, why is it better to lead the transmission line down 

the part of the house that is farthest from the street? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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MAKE DECISIONS 

It is a very fine thing to have an "open mind." 
But it is a fine thing ONLY if you have the ability 
to make a decision after considering all sides of a 
question. 

Failure to make a decision after reasonable con- 
sideration of all facts will quickly mark a man as 
being unfit for any position of responsibility. 

So practice making clearcut, well thought-out de- 
cisions. 

Not all your decisions will be correct. No one is 
perfect. But if you get the habit of making de- 
cisions, experience will develop your judgment to a 
point where more and more of your decisions will 
be right. 

"rSt.".t.4. 
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For each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly 
in your mind. Study each other step in this same way. 

1. Introduction Pages 1-4 
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INSTALLATION AND ADJUSTMENT 

OF TELEVISION RECEIVERS 

WHEN a television receiver is first 
put into operation, there are a 

number of servicing procedures that 
may have to be carried out, ranging 
from a purely mechanica: procedure 
of installing a picture tube, through an 
adjustment procedure, to actual serv- 
icing for some breakdown. Then, after 
a period of operation, some of these 
steps will have to be carried out again 
-for example, the picture tube will 
eventually wear out and have to be 
replaced, or some adjustment or repair 
will have to be made. 

Since certain breakdowns produce 
symptoms that are similar to those 
produced by misadjusted controls, it 
is necessary for the serviceman to be 
able to distinguish between them, and 
the easiest way to do this is to carry 
out an adjustment procedure first. If 
this does not correct the symptom, 
then a service procedure is indicated. 
In this Lesson, we are goir_g to cover 
the adjustment procedure; actual 
servicing for breakdowns will be cov- 
ered elsewhere. 

* Photo above, courtesy NBC 

In order to give a complete coverage 
of TV set adjustment, we are here 
assuming that we have a set to be in- 
stalled and that it needs the "works." 
However, in actual practice, very few 
of the steps given in this text may be 
required on any one set at one time. 
That is, one set may need one adjust- 
ment, and another set may require 
an entirely different one. Hence, you 
need to know them all so that you 
can carry out those that are called 
for in each instance. 

Even the procedure of installing a 
picture tube may not be required on 
some new sets, because it is becoming 
standard practice with some manu- 
facturers to ship the sets with the 
tubes installed. However, many sets 
are shipped without picture tubes, and 
it is necessary to install one before the 
set is delivered to the customer. And, 
of course, you must remember that 
eventually this tube must be replaced, 
so the same installation procedure will 
be needed. 

Although in this Lesson we are 
going to give the complete installation 
procedure from the unpacking of the 
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set to the final touch-up in the home 
of the customer, naturally we must 
give the general or basic steps rather 
than the specific details. We cannot 
give the exact procedure for all the 
many sets that are being made. There- 
fore, this text is not intended to re- 
place the manufacturer's instructions; 
it should be considered as a supple- 
ment to give you a basic idea of the 
necessary steps, so that you can go 
to the manufacturer's instructions and 
get the details quickly and under- 
standably. 

Before we go any further, let's see 
what the various steps in an installa- 
tion are. To make an installation, 
you would usually: 

1. Unpack the set and the picture 
tube, and install the tube if it is not 
already in place. 

2. Check the set in the shop. Make 
whatever adjustments are needed to 
get proper reception. 

3. Deliver the set to the customer's 
home and place it in the desired loca- 
tion. 

4. Connect the set to the temporary 
or permanent antenna. 

5. Re -check the set and correct 
any adjustments that have slipped 
during delivery. 

6. If a temporary antenna is in- 
stalled, place it where it will give the 
best results. 

7. When the permanent antenna is 
up, orient it to give the best possible 
reception. 

8. Install a wave trap, boosters, a 
light filter, magnifiers, or other sup- 
plementary items that are needed or 
desired by the customer. 

9. Show the customer how to oper- 
ate the set. 

10. Call back a few days later to 
make sure the set is operating prop- 
erly. 

We shall describe all these steps 
in this Lesson, except for steps 6, 7, 
and 8, which are treated in other 

Lessons. However, before we get into 
the installation procedure, there are a 
few general matters we should discuss. 

WHERE TO WORK 
Some servicemen make a practice 

of installing the picture tube and ad- 
justing the set in the customer's home 
instead of the shop. We do not rec- 
ommend your doing so with a new 
set; in fact, we recommend strongly 
that you do not. One important rea- 
son is that the set may need consider- 
able adjustment. If you have to work 
quite a while to adjust the set prop- 
erly, the customer, who will un- 
doubtedly be watching your every 
move, will probably get a poor opinion 
of either the set or your ability. In 
addition, customers almost invariably 
ask many questions; they may prove 
annoying when you are trying to de- 
vote all your attention to the problem 
of getting the set to work properly. 

In servicing a set, however, it is 
best to do the work in the customer's 
home if possible. There are several 
reasons for this: the sets are usually 
heavy and awkward to carry; there 
is always a chance of damaging the 
picture tube if you move the set; and 
the customer usually dislikes to be 
without his set any longer than is 
necessary. 

SAFETY PRECAUTIONS 
When you are working with or 

around a picture tube, there are sev- 
eral important safety precautions that 
you should observe. 

A picture tube is very highly evac- 
uated. Consequently, there is a net 
air pressure of approximately 14 
pounds per square inch on the outside 
of the tube. Because of the large sur- 
face area of the tube, the total force 
on it is very large, and there is danger 
of an "implosion" (explosion inward) 
if the tube is cracked or broken. It 
is possible to be badly cut by flying 
glass if this happens. 
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Therefore, you should always wear 
goggles, heavy gloves, and either a 
leather apron or a heavy shop coat 
when you handle the tube. Never hold 
the tube against your body unless it 
is absolutely necessary to do so (as 
it sometimes is if the tube is a very 
large one). Always be careful to hold 
it by the funnel (the wide tapering 
portion between the screen and the 
neck). Hold the slender neck only if 
it is necessary to do so to get the tube 
into position. Even then, support as 
much of the weight of the tube as 
possible with your other hand, which 
should be on the bottom edge of the 
tube face. 

Be very careful at all times not to 

This is the right way to hold a picture tube 
when you are installing it through the 

front of tffé cabinet. 

allow the tube to bump against any 
hard object nor permit it to be 
scratched, especially at the rim of the 
face. If the tube sticks when you at- 
tempt to slide it into a support during 
installation, do not force it; instead, 
find out what is blocking its entry. 

You should also take precautions 
against electrical shock from picture 
tubes. The funnel of a metal tube, for 
example, is usually 10,000 to 15,000 
volts positive with respect to the chas- 
sis when the set in which it is used is 
operating; therefore, you should be 
extremely careful not to touch it 
when the set is on. Metal tubes are 
now being enclosed in removable 

Vinylite boots as a safety measure, 
but you should not consider that this 
makes them harmless. 

It is possible to get a shock from 
an electromagnetic glass tube when 
the set is not operating-or even when 
it is not in the set at all. Such tubes 
have conductive coatings on both the 
inside and the outside surface of the 
glass funnel; these form a condenser 
having a fairly high capacity. The in- 
side coating is connected to the second 
anode, and the outside one is grounded. 
Since leakage between the two coat- 
ings is very low, there may be a con- 
siderable charge on this condenser 
even several days after voltage has 
been applied to the tube. You can get 
enough of a shock from a charged 
tube to startle you, and perhaps make 
you drop the tube, if you touch both 
the high -voltage terminal and the 
conductive coating at the same time. 
Even an apparently unused tube in 
its original carton may retain a charge 
that it received during its final test 
at the factory. Therefore, you should 
make a practice of shorting between 
the high -voltage terminal and the 
outer coating of the glass tube with 
a high -voltage test lead before you 
touch the tube with your hands. 
(Note: By "high -voltage test lead," 
we mean a lead having high -voltage 
insulation-NOT a high -voltage test 
probe, which has a high resistance 
built into it.) Short the tube this way 
several times to make sure the con- 
denser is fully discharged. 

Remember that insulation that is 
perfectly safe for ordinary voltages 
may break down when it is subjected 
to the high voltages used in television 
sets. Don't, therefore, assume that you 
cannot get a shock from a wire just 
because it is insulated. 

UNPACKING A SET 
As we said earlier, sets may be 

shipped with all tubes but the picture 
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tube in place, but very frequently the 
picture tube is already installed also. 
The control knobs are usually packed 
in a small bag that is secured inside 
the cabinet. Sometimes there is pro- 
tective packing around some of the 
tubes, particularly the power tubes. 
This should be removed before you 
start to install the picture tube (or 
to adjust the set, if the picture tube 
is already installed). 

Additional braces are often fastened 
to large consoles to prevent the cabi- 
net from being broken during ship- 
ment. These braces should be left in 
place until the set is delivered into the 
customer's home, because they will 
protect it during delivery. Of course, 
you should be very careful when you 
remove outside wrapping and protec- 
tive packing that you do not damage 
the set, the chassis, or the tubes in any 
way. 

If the picture tube is shipped in a 
separate carton instead of being in- 

stalled in the set, remove it carefully 
from the carton after making sure 
that it does not carry a charge. Re- 
member, a glass tube may retain a 
charge from its final test at the fac- 
tory; the shock you might get from 
it would not be dangerous, but it 
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might well be enough to startle you 
and make you drop the tube. 

There is no possibility of getting a 
shock from a metal tube that is not 
in a set. However, it is important 
not to handle such tubes by the glass 
section of the tube funnel, because fin- 
ger marks on this section of the tube 
may create leakage paths that will 
interfere with reception and may 
create a shock hazard. Such tubes 
should therefore be handled only by 
their metal rims. If the glass part of 

the funnel is accidently touched, you 
should wipe it clean with a soft cloth 
that has been moistened with carbon 
tetrachloride. 

Installation of Direct -View Tubes 
There are two types of sets in use 

today-one in which the image is 
formed on the face of the tube for 
direct viewing, and a second that 
uses a projection system. The latter 
will be described later in this text. 

Whenever you have to install a 

direct -view tube, whether as a part of 
the initial set-up or as a service pro- 
cedure, you will find that the tube has 
two supports: 1, at the front end of 
the funnel where it joins the face; 
and 2, either at the base of the funnel 
or a little farther back on the neck. 
Most of the weight of the tube is on 
the front support. 

A basic difference is in whether the 
front support is attached to the chas- 
sis or is built into the front of the 

Courtesy The Hallicrafters Co. 

One common method of mounting a pic- 
ture tube on a chassis. 

4 



cabinet. The most common way of 
supporting the front end of the tube 
is to have it rest in a cradle secured 
to the chassis with a metal strap or a 
band of webbing running over the top 
of the tube to keep it from shifting. 

Courtesy The Hallicrafters Co. 

Notice that this mount permits the posi- 
tion of the front end of the tube to be 

adjusted. 

Another method of supporting the 
front end is to have it rest on brackets 
that are secured to the inside front of 
the cabinet. The position of these 
brackets is usually adjustable so that 
the tube can be properly oriented with 
respect to the mask in the front of 
the cabinet. This difference calls for 
a change in the method of installation, 
as we shall show. 

Generally, the rear support is 
mounted on brackets that are sup- 
ported on the chassis. On an electro- 
static tube, the rear support is a strap 
around the neck of the tube or a 
mounting plate that holds the socket. 
However, the. neck of an electro- 
magnetic picture tube is supported by 
a deflection yoke and a focus coil into 
which the neck is slipped. The deflec- 
tion yoke is usually secured inside a 
fiber sleeve that bears a cushion in its 
front end. This sleeve is usually held 
in a clamp that is secured by thumb- 

screws or nuts. If you loosen these 
nuts, you can move the sleeve back 
and forth. In addition, the deflection 
yoke can be moved back and forth or 
rotated within the sleeve by loosening 
a thumbscrew or nut. The mounting 
screws that hold the focus coil to its 
bracket can be loosened if it is neces- 
sary to adjust the position of the coil. 

There is another variation-in some 
sets, both the front and rear supports 
of the tube are secured to the cabinet 
and are completely separate from the 
chassis. This arrangement is used in 
some 7 -inch table -model sets and also 
in some large sets using a console cab- 
inet. 

In at least one set using a 20 -inch 
tube, the tube is secured in a special 
cradle that permits it to be lowered 
within the cabinet when the set is not 
in use. 

We shall give instructions for in- 
stalling the tube in each of the first 
two mounts mentioned above, which 
are by far the most common kinds. We 
shall also describe the installation of 

KINESCOPE 
CENTERING 

SLIDES 

SLIDE 
I ADJUSTMENTSCREWS 

The front of the picture tube is fastened 
to the cabinet in this manner in some sets. 

7 -inch cabinet -mounted tubes. If you 
work on a larger set in which the tube 
is mounted in the cabinet, either con- 
sult the manufacturer's instructions or 
inspect the set carefully to learn how 
to install the tube. 

Incidentally, if you should ever 
service a custom TV installation, you 
may find some special form of tube 
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mounting-in some of these, the tube 
is even mounted in the wall. 

These differences in mounting meth- 
ods call for changes in the installation 
procedure, and of course, there are 
other differences that occur because of 
the basic differences between electro- 
static and electromagnetic tubes. For 
example, one of the differences is that 
most electromagnetic tubes use ion 
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FIG. 1. Five kinds of ion traps. The one 
in A is the most common. 

traps, but not all do, and no electro- 
static tubes use them. 

Ion traps are not used on electro- 
magnetic tubes that have an alumi- 
num backing behind the screen (such 
as the GE Daylight tubes) nor are 
they used on the 15 or 20 -inch glass 
tubes. You should consult the manu- 
facturer's information to see if the 
tube you are installing needs one. 

There are a number of different ion 
traps in use; several are shown in 
Fig. 1. In each type, one or two small 
magnets are in an assembly. (Some- 
times electromagnets are used.) When 
there are two magnets, the ion trap is 
supposed to go on the neck of the tube 
with the weaker magnet nearer the 
face of the tube. Fig. 1 gives the 
details f or some types, but you should 
read the instructions packed with any 
you install. When removing an ion 
trap in making a replacement, be sure 
to notice how it was placed on the 
tube. 

In the following, ignore instructions 
for installing an ion trap if none is to 
be used. 

Now, let's discuss the installation 
of picture tubes in sets. We'll start 
with the installation of electromag- 
netic (EM) tubes, then take up the 
installation of electrostatic (ES) 
tubes. So that you will find every- 
thing in one place when you refer to 
this Lesson in the future, we shall 
discuss each installation separately 
and completely-there will, therefore, 
be a certain amount of repetition in 
the instructions. Remember - these 
instructions will apply both to the in- 
stallation of a tube in a new set and 
to the installation of a replacement 
tube in a set that hits been in use 
before. 

CHASSIS -MOUNTED EM TUBE 
When an electromagnetic picture 

tube has both its front and its rear 
support mounted on the chassis of the 
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TV set, the chassis must first be re- 
moved from the cabinet before a tube 
can be installed. Usually this is done 
by taking out the back of the cabinet, 
but at least one type of set has been 
made in which the whole top is hinged 
and is moved aside to remove the chas- 
sis. Since the usual TV set is rather 

II 
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FIG. 2. These flags in the electron gun of 
a picture tube can be used as guides to 

correct initial position for the ion trap. 

heavy, be sure you have a good grip 
on it before you try to lift it out of the 
cabinet. 

Before starting to install the tube, 
loosen the screws holding the deflec- 
tion yoke sleeve to its support bracket. 
Remove and discard any shipping 
bolts. Slide the sleeve toward the 
rear of the chassis. Loosen the yoke 
in the sleeve, slide it as far back as 
it will go, and tighten it again. 

Next, align the focus coil (which is 
behind the deflection yoke) so that 
the hole in the middle of the coil is in 
line with the hole in the middle of the 
deflection yoke. Loosen the focus coil 
securing screws if it is necessary to 
shift the coil position, then tighten 
them after the coil is properly placed. 

If a rubber mask is to fit over the 
face of the tube, install it. Holding 
the tube by the face and the funnel 
(NEVER by the neck), slide its neck 
through the yoke of the focus coil 
until the base of the tube is approxi- 
mately two inches beyond the end of 
the focus coil. The high -voltage ter- 
minal of the tube is a metal well sunk 
in the funnel; orient the tube so that 
this terminal is in the upper half of 
the tube. 

If an ion trap like the one in Fig. 
lA is to be used, slip it over the neck 

of the tube with the smaller magnet 
towards the front of the chassis. The 
arrow on the trap should then be 
pointing toward the front of the chas- 
sis. (If the trap is different from that 
in Fig. 1A, consult the manufacturer's 
instructions.) Be careful not to let 
the tube hang by its neck at any time 
while you are installing the ion trap. 

Most tubes have two small metal 
"flags" on the second cylinder from 
the base in the electron gun structure, 
as shown in Fig. 2. If the tube you 
are installing requires an ion trap, 
you can use these flags as a guide in 
initially positioning the trap. First, 
orient the tube so that the flags appear 
as shown in Fig. 2 when you look down 
on the tube. Then place the ion trap 
so that the rear magnet is over these 
flags. 

After the ion trap is in place, plug 
the picture tube into its socket. Move 

Courtesy RCA 
The front section of a deflection yoke 

mount. 

the tube toward the back until its face 
is in the proper position with respect 
to the front and support. 

If the strap that goes over the top 
of the tube face is elastic or is tight- 
ened by a spring, slip it over the tube 
and adjust it so that it holds the tube 
properly. If it is the kind that is 
tightened by a clamp, install the felt 



or rubber cushions that are provided, 
then put the strap in place and tight- 
en the clamp. 

When the front end of the tube is 
securely mounted, slide the deflection 
yoke sleeve as far forward as it will 
go and tighten its securing clamp. 
When this has been done, the rubber 
cushion at the front of the sleeve 
should be in contact with the funnel 
of the tube. If the tube is a glass one, 
the two small wire loops at the front 
of the cushion should also be in con- 
tact with the conductive coating on 
the tube funnel. These loops ground 
the outer coating of the tube, so it is 
very important for them to make good 
contact. (These loops are NOT used 
with metal tubes.) When the cushion 
is in firm contact with the tube funnel, 
loosen the securing screw or nut hold- 
ing the deflection yoke, slip the yoke 
as far forward as it will go, and fasten 
it again. 

Plug the high -voltage lead into the 
high -voltage receptacle in the tube 
funnel. This completes the installa- 
tion of the picture tube; the next step 
is to adjust the set. (The adjustments 
to be made are described later in this 
Lesson.) You will have to install the 
various control knobs on the shafts of 
the front controls of the receiver be- 
fore making adjustments; then, when 
the adjustments are partially com- 
pleted, you must remove the knobs 
and install the chassis in the cabinet, 
replace the knobs, and make the final 
adjustments. 

COMBINATION MOUNTINGS 
FOR EM TUBES 

In a set in which an electromagnetic 
picture tube is supported at its front 
end by brackets on the cabinet (but 
at the rear by a bracket on the chas- 
sis), the picture tube is installed from 
the front of the cabinet with the chas- 
sis in place. To do so, it is necessary 
to remove the decorative front panel 

to which the protective glass or plastic 
plate and the viewing mask for the 
tube are secured. Usually either the 
top of the cabinet or a section of the 
top of the cabinet must be removed 
also. You can expect to find some var- 
iations in the manner of securing the 
parts of the cabinet. 

When the front panel of the cabinet 
has been removed, you will find a hole 
in the front of the cabinet that is 
large enough for the tube to pass 
through. 

Before installing the picture tube, 
loosen the clamp holding the sleeve of 
the deflection yoke. Move the sleeve 
back toward the rear of the chassis. 
Loosen the deflection yoke securing 
screw and slide the yoke as far back 
in the sleeve as it will go. Tighten 
the yoke. 

Next, see that the hole in the deflec- 
tion yoke and the hole in the focus 
coil are in line. If they are not, adjust 
the position of the focus coil. 

Loosen the adjustable brackets used 
to support the tube face. These are 
mounted on the inside surface of the 
front panel of the set. Slide the two 
bottom brackets to about the middle 
of the range over which they can be 
adjusted, and tighten their securing 
screws. 

The high -voltage connection to a 
metal tube is made through one of 
these supporting brackets. Find out 
which bracket the high -voltage lead 
is connected to and make sure that the 
connection is secure. 

If a metal tube is used, slip the 
Vinylite boot over the metal part of 
the funnel. Sometimes a clamp is pro- 
vided to hold the large end of the 
boot to the metal rim of the tube; if 
one is used on the set you are working 
on, install it. 

Holding the picture tube by its fun- 
nel, (or, if it is a metal tube, by its 
metal rim), slide the neck of the tube 
into the deflection yoke and focus coil. 
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If it is a glass tube, orient it so that 
the high -voltage receptacle (a metal 
well sunk into the funnel) is in the 
upper part of the tube. 

When the base of the tube is about 
two inches past the focus coil, install 
the ion trap if one is to be used. If 
an ion trap like the one in Fig. lA is 
to be used, it should be installed so 
that the smaller magnet is toward the 
face of the tube and the red dot is 
uppermost. If some other kind of ion 
trap is to be used, follow the instruc- 
tions given for its use by the manu- 
facturer. Remember-do not permit 
the picture tube to hang supported 
only by its neck while the ion trap 
is being installed. 

If you will look at the neck of the 
tube, you will see that there are two 
small metal flags on the second cyl- 
inder from the base of the electron 
gun structure (see Fig. 2). The tube 
should be oriented so that these flags 
appear as shown in Fig. 2. The ion 
trap should then be placed so that 
the rear magnet is over these flags. 

Continue pushing in the picture 
tube until its face is slightly inside 
the rear surface of the front panel of 
the cabinet. Adjust the brackets that 
support the tube until the face of the 
tube is centered in the opening. 

Wipe the surface of the picture tube 
and the safety glass or plastic panel 
that will cover it with some window - 
cleaning compound. The manufac- 
turer's instructions may specify a par- 
ticular kind of compound for this job. 
For example, RCA recommends the 
use of "Windex." 

Put the decorative front panel back 
on the cabinet, being careful not to 
get finger marks on the surfaces that 
you just cleaned. 

Slip the picture tube as far forward 
as it will go. Slide the deflection yoke 
forward until the cushion is firmly in 
contact with the tube funnel. If a 
glass tube is used, there will be two 

small loops of spring wire beside the 
cushion; these loops, which ground 
the outer coating of the tube, must 
make firm contact with the tube. 
These loops are NOT used with metal 
tubes. 

Tighten the bracket that encloses 
the deflection yoke sleeve. Slide the 
deflection yoke as far forward within 
its sleeve as it can be moved and 
fasten it securely. Plug the high -volt- 
age lead into the high -voltage recep- 
tacle on the funnel if a glass tube 
hag been installed. 

After installation of the control 
knobs on the front panel of the set, the 
set is ready to be adjusted, as will be 
described later in this Lesson. 

CHASSIS -MOUNTED ES TUBE 

The only basic difference between 
the mountings for electrostatic and 
electromagnetic tubes is in the neck 
support. The deflection yoke and focus 

coil are not used on electrostatic tubes; 
instead, there is a clamp support for 
the neck. However, the installation of 

a tube on chassis -mounted supports 
proceeds as follows: 

First, remove the chassis from the 
cabinet. Install the ccntrol knobs on 

their shafts. If a rubber mask is to 
be installed on the front of the tube. 
install it now. 

Loosen the rear support clamp of 

the tube (if one is used) and slip the 
neck of the tube through it. Slide the 
tube into approximately the right 
position, then plug it into its socket. 

If a clamp is used over the face end 
of the tube, install it but do not 
tighten it. It will almost certainly be 
necessary for you to re -orient the tube 
to square it with the mask after you 
have found out where the picture will 
appear on the tube. 

Next, make any adjustments on the 
set that are necessary. These adjust - 
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ments will be described later in this 
Lesson. When you have found the 
proper orientation of the picture tube 
with respect to the mask, tighten the 
clamps holding the tube. 

If the mask for the tube is part of 
the cabinet, it will be necessary to 
install the chassis in the cabinet part 
way through the adjustment proce- 
dure. Before doing so, wipe the face 
of the tube and the inside surface of 
the protective cover glass or plastic 
plate on the cabinet to remove finger 
prints and dust. Remove the control 
knobs, install the chassis in its cabi- 
net, replace the knobs, and finish the 
adjustment procedure. 

In some of these sets, a rubber mask 
that is mounted on the tube face ex- 
tends through the opening in the cabi- 
net when the chassis is installed. This 
might be considered to be a combi- 
nation of chassis and cabinet mount- 
ing. When you are working on such 
a set, make sure that the mask goes 
through the cabinet opening as it 
should. 

CABINET -MOUNTED ES TUBE 
When an electrostatic tube is sup- 

ported by the cabinet, it is usual to 
have both the back and the front sup- 
ports built in, rather than having one 
on the chassis and one on the cabinet. 
In some of the sets in which the tube 
is mounted in the cabinet, it is in- 
stalled from the rear; in others, it is 
installed from the front. In the latter 
case, the first step is to remove the 
decorative panel and open the sup- 
port that will hold the neck of the 
picture tube. 

Install the picture tube in its sup- 
ports, either from the front or from 
the rear, whichever is necessary. If 
the tube is mounted from the rear, 
wipe off its face and the inner sur- 
face of the glass or plastic shield be- 
fore installing it. Tighten the tube 
supports enough to keep the tube from 
slipping but no more than that, since 
it will have to be moved to orient it 
properly when you find out where the 
picture appears on its face. 

Connect the socket to the tube. In- 
stall the control knobs, connect the 
set to an antenna and to the power 
line, and make the necessary adjust- 
ments. These adjustments will be de- 
scribed later in this Lesson. 

After the correct position of the 
tube has been found, tighten the front 
and rear tube supports firmly. If the 
front panel is removed when you in- 
stall the tube, wipe the face of the 
tube and the inner face of the glass 
or plastic shield, then re -install the 
front panel that was removed. 

These descriptions of the installa- 
tion of electromagnetic and electro- 
static tubes have necessarily been 
somewhat general. As we said earlier, 
you should read the instructions is- 
sued by the manufacturer of a par- 
ticular set you're working on before 
you install a replacement picture tube. 
If these instructions are not available, 
however, the instructions we have 
given you will help you to install a 
tube properly as long as you keep an 
eye out for any peculiarities in me- 
chanical arrangements that the set 
you're working on may have. 

Now, let's learn what controls are 
used on TV sets and how they should 
be adjusted. 
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TV Controls and Tuning 
A television set has a number of 

controls on the front panel and within 
or on back of the set itself. The ad- 
justment of each of these controls 
affects the performance of the set in 
some respect. You must therefore 
know where each of these controls is 
and what it does before you can ad- 
just the set properly. 

Table 1 lists the various controls 
that may be found in a TV set and 
tells briefly what each does. (Notice 
that several names are given for many 
of the controls. In each case, one of 
these names is applied to that particu- 
lar control by one manufacturer or 
another.) All sets do not have all 
these controls, but practically all sets 
have at least the first eleven of them. 
Some of these are "operating" con- 
trols, meaning that they are located 
on the front panel of the set and are, 
or can be, adjusted by the set owner 
to get or to improve the picture. The 
others are non -operating controls that 
are located inside the set, behind a 
panel in the front of the set, or in 
back of the chassis; these seldom re- 
quire adjustment except for an occa- 
sional touch-up. Certain of the non - 
operating controls, notably the focus 
control and the ion trap, consist in 
some sets of a coil or other part whose 
position can be mechanically adjusted 
to produce the desired effect on the 
operation of the receiver. (The focus 
control is an operating control in a 
few sets; in these, of course, it is an 
electrical control, not a mechanical 
one.) 

In addition, some of the controls 
listed consist of two or three controls 
in some sets. An example of this is the 
horizontal linearity control, of which 
some sets have three, each exerting 
varying degrees of control. 

Before we describe the adjustment 
of sets, we shall describe the functions 
of the most commonly used controls. 

The station selector is the main 
tuning device of the set. You are 
already familiar with this control and 
with the fine tuning control that is 
associated with it in many sets, so 
we shall not discuss them further. 
The volume control is like that used 
in radio sets; this, too, needs no fur- 
ther discussion. 

The contrast control might be de- 
scribed as a volume control for the 
video signal. It can be used to vary 
the signal in the video amplifier or 
in the video i.f. amplifier, depending 
on the circuit arrangement of the 
set. 

The other controls of a television 
set can be classified into four groups: 
1, controls that affect the charac- 
teristics of the beam; 2, controls that 
affect the synchronization of the 
sweep voltages and currents; 3, con- 
trols that affect the dimensions and 
position of the picture; 4, controls 
that affect the shapes of the sweep 
voltages. We shall discuss each of 
these groups of controls in the order 
given. 

Controls Affecting Characteris- 
tics of Beam. The ion trap, the focus 
control, and the brightness control 
affect the content, size, and energy 
of the electron beam. The function 
of the ion trap (used only with cer- 
tain electromagnetic tubes) is to bend 
the electron beam so that the beam 
can pass through an aperture in the 
second anode of the tube. The mag- 
netic field of an ion trap is usually 
supplied by permanent magnets, but 
some electromagnetic forms of ion 
traps have been used. 

11 



Table 1 

CONTROL 
1. Station Selector, Channel Selec- 

tor, TV Tuning 
2. Volume, Volume Control, Sound 

Volume 
3. Brightness, Brilliance, Background 
4. Contrast, Picture, Picture Control 
5. Width, Horizontal Size, Horizontal 

Amplitude, Picture Width Control 
6. Height, Vertical Size, Vertical 

Amplitude, Picture Height Con- 
trol 

7. Horizontal Hold, Horizontal 
Speed, Framing 

8. Vertical Hold, Vertical Speed 

9. Horizontal Centering, Horizontal 
Position Control 

10. Vertical Centering, Vertical Posi- 
tion Control 

11. Focus, Focusing Control 
12. Fine Tuning, Sharp Tuning, Ver- 

nier 
13. Vertical Linearity 

14. Horizontal Linearity 

15. Horizontal Oscillator Frequency 
Adjustment, Horizontal Lock 

16. Tone, Tone Control 
17. Horizontal Drive, Horizontal 

Peaking 
18. Horizontal Oscillator Phase Ad- 

justment 
19. Picture Cut-off or C.R.T. Bias 

Adjustment 
20. Ion Trap Adjustment, Beam 

Bender 
21. Service Control, Screen Voltage 

Horizontal Output Tube 
22. Coarse Focus 
23. Phase Detector Balance 

24. Excitation, Anode Voltage Con- 
trol of Projection Tube 

25. High -Low Bandswitch 

USE 

Selects desired TV station. 

Adjusts sound volume. 

Adjusts average light intensity. 
Adjusts video signal amplitude. 
Adjusts picture size in horizontal di- 
rection. 
Adjusts picture size in vertical direc- 
tion. 

Adjusts free -running frequency of 
horizontal oscillator. 
Adjusts free -running frequency of 
vertical oscillator. 
Adjusts picture position in horizontal 
direction. 
Adjusts picture position in vertical 
direction. 
Adjusts C.R. tube spot definition. 
Tunes local oscillator accurately. 

Adjusts shape of vertical scanning 
wave. 
Adjusts shape of horizontal scanning 
wave. 
Adjusts frequency of sine -wave oscil- 
lator (a.f.c. control). 
Varies audio frequency response. 
Adjusts amplitude of peak portion of 
horizontal scanning wave. 
Adjusts phase of horizontal oscillator 
to pulse rate (a.f.c. discriminator). 
Adjusts "black" level of picture tube 
(grid 2 voltage). 
Adjusts current through the ion trap 
magnet coils. 
Adjusts output of horizontal amplifier 
(auxiliary width control). 
Sets range of main focus control. 
Adjusts balance of a.f.c. discrimina- 
tor. 
Adjusts operating point for projection 
picture tube. 
Selects input system for high or low 
channel group. 
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The beam of an electromagnetic 
tube is focused by varying either the 
position of the focus coil or the current 
through it; an electrostatic tube is 
focused by adjusting the voltage on 
the first anode of the electron gun. 
Most commonly, the focus control 
is a non -operating control, but in 
some sets it is brought out to the front 
panel. Of course, the latter is pos- 
sible only when an electrical control 
is used; when the focus coil is moved 
physically, the adjusting screws form 
a non -operating adjustment. 

The brightness control affects the 
amount of bias applied to the first 
grid in the electron gun of the tube 
in both electromagnetic and electro- 
static tubes. It therefore controls the 
number of electrons in the electron 
beam; since the over-all light level 
produced by a bombardment of the 
screen by electrons depends on the 
number of electrons that strike it, we 
can say that the setting of the bright- 
ness control determines how much 
light is produced at the face of the 
picture tube. This is frequently an 
operating control. 

Controls Affecting Synchroniza- 
tion. The horizontal and vertical hold 
controls are examples of two of these 
kinds of controls. These two are used 
in all sets. In addition, sets that have 
a.f.c. horizontal oscillator control sys- 
tems have controls that permit the 
frequency of the horizontal sweep 
sine -wave oscillator to be adjusted and 
permit the horizontal discriminator to 
be balanced. With other locked sys- 
tems, locking range controls and 
sometimes oscillator frequency con- 
trols are generally provided. 

The horizontal hold control affects 
the frequency of the horizontal sweep 
oscillator. It is usually an operating 
control. 

The vertical hold control affects 
the frequency of the vertical sweep 

oscillator. It, too, is usually an oper- 
ating control. 

Controls that affect the locking sys- 
tem or the horizontal a.f.c. are in- 
variably non -operating controls. 

Controls Affecting Dimensions 
and Position. These controls consist 
of a width control that affects the 
horizontal width of the picture, a 
height control that affects its vertical 
height, a horizontal centering control 
that permits the picture to be moved 
horizontally, and a vertical centering 
control that permits the picture to 
be moved vertically. 

The setting of the width control 
determines how much sweep current 
is allowed to flow in the horizontal 
deflecting coil of the picture tube (or 
how much voltage is applied to the 
horizontal deflection plates in an elec- 
trostatic tube) . This is a non -opera- 
ting control in all cases. 

The adjustment of the vertical 
height control determines the amount 
of sweep current allowed to flow 
through the vertical deflecting coil 
of the tube (or the amount of voltage 
applied to the vertical deflecting 
plates in an electrostatic tube). This, 
too, is always a non -operating con- 
trol. 

The horizontal centering control 
may be either an electrical or a me- 
chanical one. If it is mechanical, it 
consists of some method of adjust- 
ing the position of the focus control, 
usually with one or more adjusting 
screws. An electrical control deter- 
mines the amount and direction of 
d.c. current flow through the hori- 
zontal deflecting coil (or the d.c. volt- 
age applied to the horizontal deflect- 
ing plates in an electrostatic tube) . 
This is usually a non -operating con- 
trol. 

The vertical centering control may 
also be either mechanical (the position 
of the focus coil) or electrical. The 
electrical type controls the amount of 
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d.c. current allowed to flow through 
the vertical deflecting coil (or the 
d.c. voltage applied to the vertical 
deflecting plates in an electrostatic 
tube). The vertical centering control 
is usually a non -operating control. 

Controls Affecting Sweep Volt- 
age Shapes. These controls usually 
consist of horizontal linearity and 
drive controls and a vertical linearity 
control. Either of the linearity con- 
trols may have one or more additional 
controls associated with it that pro- 
vide varying degrees of control. 
Linearity controls are seldom used in 
sets having electrostatic tubes. 

There may be as many as three 
horizontal linearity controls in a re- 
ceiver, each of which affects the shape 
of part of the horizontal sweep cur- 
rent. These are always non -operating 
controls. 

Adjustment of the horizontal drive 
control determines the point in the 
horizontal sweep current cycle at 
which the horizontal output tube con- 
ducts. Therefore, it affects the shape 
of the horizontal sweep signal. It, 
too, is always a non -operating con- 
trol. 

The vertical linearity control, of 
which there may be two in a receiver, 
controls the shape of the vertical 
sweep current. It, too, is a non -opera- 
ting control. 

POSITION OF CONTROLS 

There is no general rule we can 
give you about where the various con- 
trols of a TV set are, except that the 
station selector, the volume control, 
and the fine tuning control (if the 
set has one) are invariably on the 
front of the set; usually the contrast 
and brightness controls are there also, 
and the horizontal and vertical hold 
controls are frequently there. Occa- 
sionally the focus control is also on 
the front panel. The other controls 
are usually on the back of the chassis 

or on top of it. In some sets, some 
of the non -operating controls are 
brought out to the front but are con- 
cealed by a panel that is secured by 
screws. In some sets, also, a few of 
the non -operating controls are on the 
side of the chassis. Occasionally a 
control is located beneath the chassis. 

In almost every case, the name of 
the control is engraved near it on the 
chassis or a paper tag shows what its 
name is. When the tag is lost, or 
an unusual name is given a control, 
you should refer to the manufacturer's 
instructions, if available. If not avail- 
able, you can determine its use by 
the process of trying it, as long as 
you are careful to note its original 
position. Do not assume that you 
have found all the controls on a set 
with which you are unfamiliar until 
you have checked these instructions, 
because there may be one or two that 
you do not suspect the existence of. 

INDICATION OF PROPER 
ADJUSTMENT 

It is possible to tell whether a 
few of the adjustments we will de- 
scribe are properly made just by 
looking at the raster (the line pattern 
produced on the face of the tube when 
no signal is tuned in) . Some others 
can be judged when you have a pic- 
ture tuned in, but you cannot tell 
whether some of the controls are prop- 
erly set without having a test pattern 
to guide you. 

Test patterns are stationary pic- 
tures transmitted by a television sta- 
tion to assist servicemen to bring sets 
into proper adjustment, and they can 
be used to make almost all the ad- 
justments. One of the most popular 
of these is shown in Fig. 3. (Some 
are different in appearance but the 
following facts apply.) If a set is 
perfectly adjusted, the test pattern's 
vertical and horizontal lines will be 
straight, with no moire pattern across 
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Courtesy NBC and WNBW 

FIG. 3. The standard NBC test pattern. 

them, the vertical "wedges" of lines 
will be equal in size to each other, 
the horizontal wedges will likewise be 
equal to each other, the circles will 
have no irregularities and will be per- 
fectly circular, and the shades of gray 
in the center circles will range from 
white to black. 

The test pattern also shows the 
width of the frequency band passed 
by the set (and hence indicates how 
well it is aligned) by the degree of 
separation between the lines of the 
vertical wedges. We shall leave align- 
ment for a later Lesson, but we shall 
discuss the adjustments of controls in 
this one. 

OPERATING A SET 
Before we discuss the adjustments 

that may have to be made on a set to 
bring it into operating condition, let 
us take a moment to describe the 
process of tuning a set and producing 
a picture of the desired quality on its 
face. If you are familiar with the 
operation of a TV set, you need not 
bother with this section; it is intended 
for the man who has never operated 
one. 

First, turn the set on. The on -off 
switch is usually on the volume (or 
the tone) control as on a sound re- 
ceiver. Turn on this control, and ad- 
just both the sound volume control 

and the contrast (or "picture") con- 
trol to about their middle settings. 
Next, turn the station selector to the 
desired channel. If the set uses a 
push-button or step tuner, push the 
proper button or turn the switch to 
the right number; if it uses a con- 
tinuous tuner, rotate the tuning knob 
until the indicator points to the de- 
sired channel. 

If the station is on the air, you 
will now get an indication of a picture, 
at least, and you should turn up the 
sound volume control until sound is 
heard. 

If the set has a fine tuning control, 
adjust it for maximum undistorted 
sound volume, paying no attention 
to the picture. If the set is receiving 
a strong signal, it will probably be 
possible to find three volume peaks at 
any setting of the station selector. 
However, two of these will be dis- 
torted; the one in the middle is the 
correct one. 

If the set uses continuous tuning, 
it will probably have a double -shadow 
tuning eye. After adjusting the tuning 
mechanism to approximately the right 
place, make small adjustments of the 
tuning knob until both shadows are of 
the same size and are lined up with 
one another. 

Sets that do not have fine tuning 
controls have a.f.c. circuits that are 
supposed to take care of bringing the 
set into exact tune when it is turned 
to the station. With these, selecting 
the desired channel is all the tuning 
that has to be done. 

Once the station is tuned in accord- 
ing to the sound, adjust the contrast 
control to get a "normal" picture - 
not too black nor too white. Now, 
the picture must be made stationary 
(if it is not already so) by adjusting 
the vertical and horizontal hold con- 
trols. This is seldom necessary if 
the set was in use earlier and was 
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turned off without anyone's touching 
the hold controls. 

Once a steady picture has been pro- 
duced, the contrast and brightness 
may have to be re -adjusted to get 
the best picture. It is the usual prac- 
tice when a set has both these controls 
to adjust for normal contrast with 
the brightness as high as it can be 
made without making the retrace lines 
visible. However, people differ in their 
ideas of "good" pictures just as they 
differ in their setting of tone con- 
trols; it is permissible to turn the 
brightness control higher or lower, 
if desired. 

If the contrast control is set too 
high, the picture will be excessively 
"contrasty" - too light in places, too 
dark in others - and the vertical lines 
will usually be bent. If the control 
is set much too high, the picture will 
be severely distorted or destroyed 
altogether. If it is set too low, the 
picture will be gray, flat, and lacking 

in detail; if it is set much too low, 
no picture will be visible. A test pat- 
tern is good to experiment with; when 
the contrast control is properly ad- 
justed, the center circles should shade 
from white to black in such a way 
that each circle is distinct from its 
neighbors. 

Often, once the brightness control 
has been set, it is unnecessary to 
change the setting if the set is then 
tuned to another station. For this 
reason, some sets are made without an 
operating control for the brightness 
level. In such sets, the contrast con- 
trol should be adjusted to give the 
best picture. 

After the set has been in operation 
for a few minutes, it may be necessary 
to re -tune the fine tuning control if 
the set is equipped with one. 

If the set is re -tuned to another 
station, probably the fine tuning con- 
trol (if the set has one) and the 
contrast control will have to be re- 
adjusted. 

Adjustment of Direct -View Sets 
Now that you know how to adjust 

the main operating controls, let's 
study the adjustment of the others, 
particularly those considered "non - 
operating." We shall assume that a 
picture tube is installed, and that you 
can now connect the set to an antenna 
and power outlet. 

To make it easier for you to see 
the face of the tube while you are 
working in back of it, place a mirror 
in front of the tube. Stainless steel 
mirrors on tripod stands are sold by 
parts distributors; you will find one 
of these very convenient for this use. 

First let's run through the adjust- 
ment of sets using electromagnetic 
(EM) picture tubes, then study elec- 
trostatic types. In the following de- 

scriptions, the sentences in boldface 
type describe the adjustment step, 
and the succeeding paragraphs show 
how the adjustment is made. 

EM SET ADJUSTMENT 
With the tube installed, connect the 

set to the antenna and power, and 
turn on the set. Turn the brightness 
control to its maximum setting and 
turn the contrast control to its mini- 
mum setting. 

Position the ion trap. If the set 
has an ion trap, it must be adjusted 
at once to produce a visible raster on 
the face of the tube. If this is not 
done promptly after the set is turned 
on, the second anode of the picture 
tube (which is struck by the electron 
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beam until the ion trap is properly 
adjusted) may be seriously damaged 
or ruined. To make this initial ad- 
justment of the ion trap, rotate it or 
slide it back and forth a short dis- 
tance until at least a fairly bright 
raster is produced on the face of the 
tube. 

Remember - it is important to get 
the ion trap into an initial rough ad- 
justment very quickly to prevent 
damage to the tube. Once a fairly 
bright raster has been secured, there 
is no longer any danger to the picture 
tube, so you will not have to rush 
the rest of the ion trap adjustment. 

The position of the ion trap must 
be adjusted to produce the brightest 
raster that can be secured. If it 
proves difficult to locate the exact 
position at which the brightest raster 
is secured, reduce the brightness some- 
what by turning down the brightness 
control, then re -adjust the ion trap. 

Next, adjust the focus to make the 
visible lines in the raster as sharp 

Courtesy RCA 
The shadow at the bottom left of this 
picture is produced by an incorrect ad- 

justment of the ion trap. 

as possible. Re -adjust the ion trap 
for maximum brightness of the raster 
at which the focus can be maintained. 

Inspect all corners of the raster 
carefully to make sure that none are 
shadowed. If shadows are present, 
re -adjust the ion trap to remove them. 

If shadows persist, the focus coil may 
be incorrectly positioned; hence you 
may have to adjust it (as described 
later), then return to make a final ion 
trap adjustment. 

Square the raster with the mask. 
If the raster is not square with the 
picture tube mask, rotate the deflec- 
tion yoke to make it so. This can be 
done accurately, of course, only if 

Courtesy RCA 
A tilted picture of this kind in a set using 
electromagnetic deflection means that the 
deflection yoke is rotated from its correct 

position. 

the mask is up against the tube. If 
you are making adjustments on a 
chassis that is not in the cabinet, and 
the mask is part of the cabinet, you 
can get the orientation of the raster 
at least almost perfect by making 
sure that the top and bottom of the 
raster are horizontal and the sides are 
vertical. However, in this latter case, 
remember that it may be necessary to 
rotate the deflection yoke slightly 
after the set has been put back in the 
cabinet. 

Get a steady picture. Turn the 
station selector to some station on 
the air, preferably one that is trans- 
mitting a test pattern. Tune in the 
station in the usual way and turn up 
the contrast control (which was pre- 
viously turned all the way down) 
until the picture becomes visible, then 
adjust for near normal contrast. If 
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Courtesy Belmont Radio Corp. 

Misadjustment of the vertical hold pro- 
duces a picture like this that runs up or 
down at a rate that depends upon how 

severe the misadjustment is. 

the set is operating properly, and 
the contrast control is not at a setting 
far too high or too low, you should 
be able to sync the picture with the 
horizontal and vertical hold controls. 
If the picture runs vertically, turn the 
vertical hold control until it is station- 
ary. Similarly, if it runs horizontally, 
bring it to rest with the horizontal hold 
control. In some sets, misadjustment 
of the horizontal hold control will not 
produce a moving picture but will 
instead produce one that is very high- 
ly distorted. 

Courtesy Belmont Radio Corp. 

If the horizontal hold is slightly out of 
adjustment in a set that uses the simpler 
kind of horizontal control, you will get 
a picture like this that moves slowly to 

the left or right. 

If a steady picture cannot be pro- 
duced by adjustment of the horizontal 
hold control, any one of several pos- 
sible difficulties may exist. If the set 
uses one of the simple triggered sys- 
tems of horizontal synchronization, 
the set will not lock in if the signal 
is too weak or if too much noise is 
picked up. If the set uses some lock- 
ing system of synchronization, there 
will be an auxiliary synchronizing 
control that may require adjustment. 
This auxiliary control may be a con- 
trol of the horizontal oscillator or a 
control in the locking circuit. Some 
sets have both. You will have to 
consult the manufacturer's instruc- 
tions to see which auxiliary controls 

Courtesy Belmont Radio Corp. 
If the horizontal hold is badly misad- 

justed, you will get a picture like this. 

are used on the set you are working 
on. If you cannot get a steady pic- 
ture by adjusting these controls, the 
set has some defect that must be 
found and remedied. 

Check the angular range of the 
horizontal hold. Once you have 
managed to get a steady picture on 
the tube, check the range through 
which the horizontal hold control can 
be turned without throwing the pic- 
ture out of sync. In some sets, this 
range is only about one half of the 
total possible rotation of the horizon- 
tal hold control. In other sets, the 
range is somewhat greater than this, 
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Courtesy RCA 
You will get a picture like this if the fre- 
quency adjustment of the horizontal sync 
discriminator transformer is misadjusted. 

and in still others, it is impossible 
to throw a properly adjusted set out 
of horizontal sync with the horizontal 
hold control. Find out from the manu- 
facturer's instructions what the angu- 
lar range is for the particular set you 
are working on, then check the control 
to see that it works as it should. If 
it does not, you will have to follow 
the instructions given by the manu- 
facturer for adjusting the hold circuit. 
These instructions differ for different 
sets, depending upon the kind of hori- 
zontal sync system used. 

Center the picture on the tube. 
Some sets have electrical centering 

Courtcty RCA 

Misadjustment of the phase adjustment of 
the horizontal sync discriminator trans- 
former produces a steady picture of this 

sort. 

controls, others use only mechanical 
ones; the latter is becoming increas- 
ingly popular. Mechanical centering 
controls almost invariably consist of 
some means of tilting the focus coil 
on the neck of the tube, usually by ad- 
justing two or more screws. This 
procedure, incidentally, is often some- 
what difficult to follow if the focus 
coil fits tightly on the neck of the 

Courtesy Belmont Radio Corp. 
Pictures that are off center vertically 
(top) or horizontally (bottom) look like 

this. 

tube, as it does in some sets. In fact, 
it may sometimes prove impossible 
to center the picture exactly when a 
mechanical centering control is used. 
If so, it will probably be necessary 
to make the picture extra large so 
that it will fill the mask properly; 
we shall mention this again a little 
farther on. 

Install the set in the cabinet. If 
the set had to be taken from the cab - 
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inet to install the picture tube, then 
we suggest that you put it back in the 
cabinet now, because the next adjust- 
ment steps are concerned with making 
the picture fill the mask. If a rubber 
mask is used over the picture tube, it 
will be unnecessary to install the set 
in the cabinet at this time. As a mat - 

Courtesy RCA 

This shows what happens when the vertical 
height control is misadjusted, making the 

picture too high for its width. 

ter of fact, when you have had con- 
siderable experience in adjusting sets, 
you will probably not bother to put 
the set back in its cabinet just yet 
but will instead be able to judge the 
size of the picture adequately without 
having it in its mask. If you do in- 
stall the set in the chassis at this time, 
first be sure to wipe off the face of 
the tube and the inner face of the 
protective glass or plastic plate on the 
cabinet. You must, of course, remove 
the knobs from the set before install- 
ing it in the cabinet and replace them 
afterward. 

Make the picture fill the mask 
vertically. Adjust the vertical height 
control to make the picture fill the 
mask. If you have been unable to get 
the picture exactly centered because 
the mechanical centering system used 
did not permit it, you may have to 
drive the picture beyond the mask at 
the top or bottom to make it fill the 

mask. This is not desirable, but it 
may be necessary. 

If you are using a test pattern as 
your picture, the picture size is con- 
sidered to be correct if the main circle 
is just tangent to the top and bottom 
of the mask (see the test pattern given 
earlier in Fig. 3). Some people prefer 
to get a bigger picture by adjusting 
the vertical height control until this 
circle is well beyond the edges of the 
mask at the top and bottom and like- 
wise adjusting the horizontal width 
of the picture to make the width 
greater than it should be. Doing so 
causes some loss of picture at the 
edges, but it does produce a bigger 
picture in the center, which is usually 
the part one is most interested in 
seeing. For shop adjustment, it is 
probably best to make the picture just 
fill the mask; you can then make 
the picture somewhat larger at the 
customer's home if he wants you to. 

Adjust the vertical linearity of 
the picture. The vertical linearity 
control is used to make this adjust- 
ment. It is necessary to have a test 

Courtesy RCA 
Misadjustment of the vertical linearity 
control may produce this kind of a 

picture. 

pattern on the screen to make this 
adjustment well; it is difficult to make 
a precise adjustment of linearity on 
a station signature card or other 
stationary picture, and it is practical - 
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ly impossible to do so if a program 
is being received. The picture is linear 
vertically if all the lines in the two 
vertical wedges are straight and the 
vertical wedges are equal in length. 
(If the wedges are of equal length, 
but the lines are bent, and adjustment 
of the vertical linearity control will 
not straighten them, probably either 

Courtesy RCA 
A picture distortion of this sort may be 
produced if the width control is misad- 

justed. 

the horizontal linearity is wrongly 
adjusted or some amplifier in the set is 
overloaded.) It may be necessary to 
make several adjustments of the 
vertical height and the vertical line- 
arity control to remove the vertical 
distortion in the picture, since the 
adjustments of these controls inter- 
lock to some extent. Also, it may be 
desirable to repeat some of these ad- 
justments after the horizontal line- 
arity has been corrected. 

Adjust the width of the picture. 
The width control, the horizontal drive 
control, and the horizontal linearity 
control or controls must be adjusted 
to produce a picture that is undis- 
torted and fills the mask horizontally. 
These controls interact, so you will 
probably have to make several ad- 
justments of them to get the picture 
right. In general, you will have to 
adjust only the width. However, if 
the horizontal sweep is considerably 

out of adjustment, you should first 
adjust the horizontal drive control 
to get a picture of the maximum 
width having good linearity, that is, 
having the lines in the horizontal 
wedges straight or very nearly so and 
having equal wedge lengths. Next, 
adjust the horizontal linearity control 
to get the best linearity; and finally, 
adjust the width control to make the 
picture fill the mask horizontally. If 
the vertical size has been adjusted, the 
major circle in the test pattern should 
now be round. 

If the horizontal drive control is 
misadjusted, the right side wedge in 
the picture appears to be shorter than 
the left one on a test pattern, and 
the outer circle is not round. 

If the horizontal linearity control 
is misadjusted, the picture appears to 
be cramped in the middle; that is, 
what should be gray circles in the 
center of the test pattern become ovals 
with their long axes vertical, and the 
right wedge in the picture is some- 
what shorter than the left one. 

If the width control is misadjusted, 

Courtesy RCA 

Misadjustment of the horizontal drive con- 
trol may produce this effect. 

the right wedge of the picture is some- 
what longer than the left one, and 
the center circles of the test pattern 
are ovals having their long axes hori- 
zontal. 
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If it was impossible to get the pic- 
ture centered horizontally on the tube 
face, you may have to overdrive the 
picture somewhat horizontally to 
make it fill the mask. Again, this is 
undesirable but may be necessary. 

If the vertical control was adjusted 
to give a picture larger than normal, 
the horizontal controls must likewise 
be adjusted to give a bigger picture. 
You can tell when the proper aspect 
ratio is obtained by seeing that the 
circles of the test pattern are truly 
circular even though they may go be- 
yond the edges of the mask somewhat. 

Some sets have masks having circu- 
lar rather than straight sides and 
having horizontal top and bottom 
edges. The test pattern reproduction 
looks like that in Fig. 3, except that 
a slight amount of overdriving of the 
height may be necessary. 

Some sets have circular masks that 
are approximately the same size as 
the full face of the picture tube. There 
are two possible ways of adjusting 
the size of the picture to make it fill 

Courtesy RCA 

If the horizontal linearity control is mis - 
adjusted, the effect shown here may be 

produced. 

such a mask. One way is just to drive 
the picture both vertically and hori- 
zontally until it has the proper 4 -to -3 
aspect ratio and fills the whole mask. 
In this case, the tube will effectively 
be reproducing the center portion of 

a large picture, the corners and part 
of the sides of which will be com- 
pletely lost. The other method of fill- 
ing the circular mask is to distort 
the picture somewhat by making it 
just fill the mask vertically and hori- 
zontally. This will effectively make 
the height and width of the picture 
the same. The picture will therefore 
be distorted, because when it is trans - 

Courtesy Belmont Radio Corp. 
This picture is larger than normal both 
vertically and horizontally. Many people 
prefer such a picture, particularly on 

small picture tubes. 

mitted it is three units high and four 
units wide; however, less of the pic- 
ture will be wasted. When a set is 
adjusted in this way, the sections of 
the test pattern that should be cir- 
cular will instead be ovals having their 
long axes vertical. Follow the manu- 
facturer's instructions in adjusting the 
picture size in such a set. 

Focus the picture. Adjust the 
focus coil control to make the picture 
as sharp as possible. Focusing is 
most easily done if the set is tuned 
to a station that is transmitting a 
test pattern, but it is possible to focus 
on a regular picture also if the focus 
control is electrical. To focus on a 
regular picture, find sortie part of the 
picture that is stationary and adjust 
the focus control rapidly back and 
forth through the position of best 
focus. This will make it fairly easy 
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for you to find the point at which 
the focus is best. If the focus con- 
trol will not permit you to take the 
picture through the focus point, but 
if it instead allows you to bring the 
picture only into reasonably good 
focus before you reach the end of the 
control, you cannot be sure that you 
have the best possible focus. The 
focus control should permit you to 
bring the picture into good focus 
somewhere near the middle of the 
range of the control. If it does not, 
there is probably some defect in the 
set - perhaps some tube is losing 
emission. Any such defect should be 
found and corrected. 

If the set is focused by adjusting 
the position of the focus coil, it is 
practically impossible to focus on a 
picture; you will have to use a test 
pattern or perhaps a station signature 
card. The reason is, of course, that 
adjustment of the focus coil is a 
fairly slow procedure, and it is very 
difficult to get the proper focus on 
a scene that changes (as it will in a 

Courtesy RCA 
Misadjustment of the focus coil or focus 

control will produce a blurred picture. 

regular picture if you have to take 
very long to make the adjustment). 
If it is necessary to change the position 
of the focus coil, it may also be 
necessary to readjust the ion trap to 
eliminate shadows in the picture. 
Changing the position of the coil may 

also affect the centering of the pic- 
ture. Keep these possibilities in mind 
if you find it necessary to move the 
focus coil. 

Check the set on all stations. The 
set should now be in adjustment for 
all the stations that can be received. 
Check this by tuning to each in turn. 
You may find that the best adjust- 
ment for one station's test pattern 
may not give as good linearity as the 
test pattern of another station. 
Usually this is caused by irregularities 
in the transmission from the station, 
so it is desirable to use the test pat- 
tern from the station considered the 
best operated in your locality; you 
can then ignore small differences 
found on other signals. Of course, 
improper alignment of the set may 
cause trouble this way, too, so you 
may have to follow the alignment 
procedures described in another Les- 
son. 

SET ADJUSTMENTS - 
ES TUBE 

Again, the sentences in bold -face 
type will indicate the steps in the 
procedure, and the succeeding para- 
graphs will show how the steps are 
carried out. 

Produce a picture on the face of 
the tube. Connect the set to an 
antenna and a source of power, and 
turn it on. Tune in a station that is 
transmitting a test pattern (or a pic- 
ture, if no test pattern can be found). 
Turn the contrast all the way down, 
and turn up the brightness until a 
raster is just visible on the face of 
the picture tube. Then turn up the 
contrast until the picture is visible. 

Sync the picture. If the picture is 
running either vertically or horizon- 
tally, use the appropriate hold control 
to stop its motion. Sets using elec- 
trostatic tubes very rarely have any 
sync locking controls other than the 
hold controls. If the picture cannot 
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be brought into synchronization by 
manipulating the hold controls, usual- 
ly there is some defect in the set that 
must be found and repaired. If a 
locking control is used on the hori- 
zontal sweep, however, it may have to 
be adjusted if the horizontal hold con- 
trol doesn't lock. 

Center the picture. Adjust the 
vertical centering and horizontal cen- 
tering controls until the picture is in 
the center of the mask of the set. 
If the picture is not square with the 
mask of the tube, rotate the picture 
tube to make it so. Once the tube 
is properly oriented with respect to 
the mask, tighten the clamps that 
hold it in place. 

Make the picture the proper 
height. Adjust the vertical height 
control until the test pattern fills the 
mask vertically. Since the most popu- 
lar electrostatic tube is the 7 -inch 
tube, which is a relatively small one, 
the customer may prefer an oversized 
picture; however, in shop adjustment, 
you should produce a picture of nor- 
mal height (that is, one in which the 
major circle of the test pattern just 
touches the top and bottom edges of 
the mask as shown in Fig. 3). You 
can always increase the size of the 
picture in the customer's home if he 
wants you to. 

Make the picture the proper 
width. Adjust the horizontal width 
control until the picture fills the mask 
horizontally as shown in Fig. 3. The 
circles on the test pattern should now 
be perfectly circular. If you have 
overdriven the picture vertically, you 
will also have to overdrive it hori- 
zontally to produce the proper aspect 
ratio (which you will have when the 
circles are true circles). 

Sets using electrostatic tubes rarely 
have horizontal or vertical linearity 
controls.. Therefore, if the picture 
is not satisfactorily linear (that is, 
if lines in the test pattern are not 

straight and the wedges are unequal 
in size), there is no adjustment that 
can be made to improve this condition. 
The set must have some defect that 
must be found and corrected if the 
non -linearity is serious. 

Focus the set. Adjust the focus 
until the picture is as sharp as it is 
possible to get it. Rotate the focus 
control until the picture goes through 
its point of best focus, then turn the 
control in the opposite direction until 
the picture goes through the point of 
best focus again. Repeat this pro- 
cess several times fairly rapidly, de- 
creasing the amount of rotation of the 
control each time until you are able 
to stop the control at the exact point 
of best focus. 

Check performance on other 
stations. The set should now be in 
adjustment for all stations. See that 
it is by tuning it to each of the other 
stations in your vicinity in turn. If 
it will not pick them all up as well 
as your experience in that location 
indicates it should, the alignment of 
the set is probably defective. You will 
learn how to align sets in a later 
Lesson. 

SPECIAL ADJUSTMENTS 
One "adjustment" you may be 

called upon to make is actually an 
alignment or replacement problem 
that comes up because some sets are 
capable of tuning in only 7 or 8 chan- 
nels on a "choice" basis; that is, they 
will tune to either 12 or 13, either 
10 or 11, etc. Manufacturers custo- 
marily adjust their sets to receive the 
stations that are available in the loca- 
tions in which the set will be shipped. 
However, it is always possible that 
someone will move into your territory 
who has a set that is adjusted for 
different stations. 

How to adjust such sets depends 
upon the type of set. In some, it is 
necessary only to change the setting of 
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the r.f. oscillator. You will receive 
instructions for doing so in a later 
book on set alignment. Other sets use 
turret tuners into which new coils 
must be plugged if a different station 
is to be picked up. To adjust a set 
of this sort, you must secure new 
coils for the desired channel and in- 
stall them in place of the coils used 
in the undesired channel. If you find 
it necessary to do this, follow the in- 
structions given by the manufacturer. 

How to adjust a.g.c. controls. In 
sets using a.g.c., the contrast control 
is frequently used in that circuit and 
acts as the only control. In others, 

however, the contrast control may be 
in the video section, and a separate 
"a.g.c." control may be used to set 
this circuit below the point of over- 
loading. Generally, the adjustment 
consists of tuning in a strong signal, 
adjusting the contrast control to 
maximum, and then adjusting the 
a.g.c. control to where overloading in 
the form of a severely distorted pic- 
ture just begins to appear. Now, turn- 
ing down the contrast control should 
give normal contrast, and if the a.g.c. 
system is operating properly, there 
should be no overloading on any 
signal. 

Projection Sets 
It may take longer to adjust pro- 

jection television sets completely than 
it does to adjust direct -view sets, 
chiefly because not only must the 
adjustments of the sort described 
earlier be made, but also the optical 
system must be properly lined up. 
For this reason, careful and detailed 
explanations of how to adjust a pro- 
jection set are always given by the 
manufacturer in his manual. To give 
you some idea of what such adjust- 
ments are like, we shall describe the 
procedures used in the more common 
sets. 

Projection television sets, as you 
have learned, use either a Schmidt 
lens system or an ordinary projection 
lens to produce a large picture from 
a small picture tube. In a set in which 
a projection lens is used, the tube is 
simply mounted behind the lens, and 
the image on the face of the tube is 
projected through the lens onto a wall 
or screen. So far, sets of this sort are 
manufactured only for custom install- 
ations, although modification kits are 
available that make it possible to 

convert ordinary receivers for such 
use. 

Most of the projection sets that 
are sold for home use employ the 
Schmidt lens system in one form or 
another. There are three chief varia- 
tions of this system in use at the pres- 
ent time. One is the RCA system 

T 
IMAGE 

1 

VIEWING SCREEN 

SPHERICAL 
PROJECTION 

MIRROR 

OPTICAL AXIS 

FIG. 4. The basic optical 
RCA projection 

REFLECTING 
MIRROR 

CORRECTOR 
LENS 

PICTURE 
TUBE 

NONREFLECTING 
SURFACE 

system used in 
sets. 

25 



shown schematically in Fig. 4. The 
spherical mirror, the 5" kinescope, 
and the corrector lens used in this sys- 
tem are all secured in a tapered mount 
called an optical barrel. This is 
mounted in the bottom of the set, 
which is always of the console type; 
the mirror and the viewing screen are 
mounted on the top of the set. 

The system used by Philco is shown 
schematically in Fig. 5. A 4" picture 
tube is used. One major difference 
between this and other systems is that 
the final picture is reflected from the 
front surface of the viewing screen. 
This eliminates some of the loss of 
light caused in other systems by pro- 
jecting the picture through a screen. 
Another difference is the keystoning 
that is caused by the fact that the 
image is not projected onto the mirror 
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FIG. 5. The Philco projection system. 
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Courtesy North American Philips Co., Inc. 

FIG. 6. The folded Schmidt optical sys- 
tem used in Protelgram projection units. 

in the front of the cabinet at 45 de- 
grees. As you learned earlier, this 
causes a distortion of the picture that 
must be corrected by distorting the 
original picture in the opposite man- 
ner. 

The third method now in use is the 
Protelgram system of the North 
American Philips Co. (see Fig. 6) . 

This is known as a folded Schmidt 
system because the optical path is 
bent twice between the spherical mir- 
ror and the viewing screen. This 
folding and the use of a very short 
2%" picture tube make the system 
so compact that it can be used even 
in table model receivers. 

Generally speaking, the only ad- 
justment the serviceman makes in the 
optical path of one of these sets is 
an adjustment of the position of the 
picture tube itself. This is done to 
bring the tube into the proper loca- 
tion with respect to the rest of the 
optical system so that the projected 
picture will be in focus. In the Philco 
and Protelgram systems, such adjust - 
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ments must be made whenever the 
picture tube is replaced. In the RCA 
system, it may not be necessary to 
refocus the set after replacing the 
picture tube, because the tube goes 
in a holder that positions it, and this 
holder need not be disturbed when 
replacing the tube. In any of these 
systems, of course, it will be necessary 
to shift the position of the tube if 
the system becomes out of focus. 

We shall now describe briefly how 
the picture tube is installed in each 
of these kinds of sets, and how its 
position is changed to improve the 
focus of the set. This information 
is intended to show you what is done, 
but not specifically how to do it. The 
actual installation information fur- 
nished by the set manufacturer con- 
sists of instructions to turn specific 
screws or other adjustments. Natural- 
ly, such information is of little value 
to you unless you have that exact 
model to service and can see exactly 
which adjusting device is referred to 
and what the effect of turning it is. 
Hence, we shall give only the general 
information that will assist you in 
understanding,the details you will find 
in the set service manual. 

RCA SYSTEM 
The RCA system shown in Fig. 4 

can be adjusted with the picture tube 
in place, by using a test pattern. 
However, RCA provides a special test 
lamp that makes it simpler to align 
the optical system before installing 
the picture tube. This special lamp, 
which works from a 110 -volt power 
line, is placed in the picture tube hold- 
er in place of the picture tube. The 
lamp has a test pattern on its face 
that is projected through the optical 
system to appear on the screen, so 
adjustment is possible whether a 
signal is available or not. If the 
optical system is not perfectly aligned, 
the test pattern will be distorted. 

Since the test lamp is in exactly the 
place that the picture tube will occupy 
when it is installed, the system can 
be brought to the proper focus by 
making adjustments that produce an 
undistorted test pattern on the screen. 
The manufacturer's instructions show 
various distortions of the test pattern 
and tell what adjustments must be 
made to correct them. 

To focus this set, you must first 
untie a canvas dust cover that encloses 
the space between the optical barrel 
and the plane mirror. Move the cover 
out of the way. Then, remove the 
corrector lens on the top of the optical 
barrel. Next, install the special test 
lamp face down in the picture -tube 
holder inside the barrel. Center the 
lamp in the holder by turning the 
adjusting screws in the holder. When 
the lamp has been installed, replace 
the corrector lens. It is important to 
put this lens back in the proper po- 
sition; there is an arrow on most, and 
this arrow should point in the direc- 
tion given by the manufacturer. Plug 
in the lamp cord, and rotate the lamp 
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The optical barrel used in RCA projection 
sets. 

so that the image on the screen is in 
the proper aspect. Next, cover the 
hole in the center of the lens (between 
the lens and the neck of the lamp) 
with a piece of black paper to prevent 
light from going through it. Replace 
the dust cover. 
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With the test lamp lit, examine 
carefully the pattern that is found on 
the screen of the set. If the pattern 
indicates that the lamp is not proper- 
ly centered or that the system is out 
of focus, you can make the necessary 
adjustments by turning adjusting 
screws on the optical barrel. The 
picture -tube holder (and the lamp) 
can be raised or lowered by a "focus" 
screw; this changes the distance from 
the lamp face to the spherical mirror, 
and corrects the focus. When the 
focus is proper, good resolution should 
be had over the entire image. How- 
ever, unless the holder has the lamp 
in the center of the optical path, reso- 
lution will be poor. 

Other adjusting screws will move 
the holder from right to left, or for- 
ward and back, so it is possible to get 
the holder (and lamp) centered. As 
a check of the need for this, the 
focus control is moved from the proper 
point until a double image is seen 
on the screen. The lines in the two 
images should be parallel with each 
other. If the vertical lines are not 
parallel, the lateral (left to right) 
adjustment is made. If the horizontal 
lines are not parallel, the horizontal 
(front to back) adjustment is made. 

If, upon refocusing, you see that 
the image comes into focus at some 
points sooner than at others, the entire 
optical barrel may have to be ad- 
justed. There are "tilt" screws for 
this; they are adjusted until the entire 
picture comes into focus at the same 
time. The manufacturer's instructions 
give complete details on these adjust- 
ments. 

Once the test pattern indicates the 
set is properly focused, remove the 
corrector lens and the test lamp. In- 
stall the picture tube face down in the 
holder in the barrel. Bring the correc- 
tor lens down over the tube with the 
hole in the center of the lens fitting 
over the neck of the tube, and secure 

the lens to its mounting. Install the 
deflection yoke, plug the socket onto 
the tube, and replace the dust cover. 

If a picture tube must be replaced, 
but the optical system appears to be 
in good adjustment, remove the dust 
cover, unplug the socket from the 
tube, remove the deflection yoke, and 
remove the corrector lens. Remove the 
old tube and install the new one. 
Re -install the corrector lens, slip the 
deflection yoke into place, plug the 
socket onto the tube, and replace the 
dust cover. However, unless you are 
sure that the set was in good focus 
before the old tube burned out, you 
should check the focus with the test 
lamp before installing the new tube. 

There are various precautions that 
you should observe when you are 
dealing with this or any other pro- 
jection set. One of the most important 
is that you must be very careful to 
avoid shocks, because the tubes oper- 
ate at voltages around 30,000 volts. 
You must also be careful not to 
touch the mirrors used in these sys- 
tems, because they are usually silvered 
on their front faces and are therefore 
very susceptible to damage from the 
moisture on your fingers. If you do 
happen to touch one accidentally, 
some detergent can probably be used 
to clean it if you are careful. General- 
ly, the manufacturer will specify a 
particular kind of detergent to be used 
for such cleaning. RCA, for example, 
recommends Dreft and water for 
cleaning the mirrors or the screen on 
their sets. 

PHILCO SYSTEM 

In the Philco projection television 
system, the picture tube is moved 
nearer to or farther from the spherical 
mirror for focusing and also can be 
moved from side to side to align it 
properly in the optical path, much as 
in the RCA system. However, the 
optical barrel is mounted at an angle, 
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which causes the image to "keystone." 
This requires the use of special key - 
stoning magnets to pre -distort the 
image so it will come out right, and 
causes the correct position of the tube 
to be at a slight angle with respect 
to the center of the spherical mirror. 
No test lamp is used to line up the 
optical system: instead, it is lined 
up with the set operating and with the 
high voltage (which in this set is 
about 20,000 volts) applied to the 
picture tube. Therefore, you should 
be careful about where you put your 
hand when you are adjusting the 
position of the tube. 

To replace a projection tube in 
this system, you must first remove 
the spherical mirror from the bottom 
of the optical barrel. This is done by 
unlatching a strap that goes across 
the bottom of the mirror. Be very 
careful not to touch the surface of 
the mirror in removing it. 

Next, unplug the high -voltage ter- 
minal from the tube. 

There are two keystoning magnets 
held by a strap around the face of 
the tube. These magnets pick up a 
static charge during operation of the 

LEFT AND RIGHT MAGNETS 
IN SAME PLANE 

How the keystoning magnets are secured 
to the picture tube in a Philco projection 

set. 

set, so you must discharge them to 
the chassis or the optical barrel by 
touching them with a grounding strap 
or high -voltage test lead before touch- 
ing them with your hand. 

The base of the tube is held by a 
clamp, which is at the far end of the 

optical barrel from the spherical mir- 
ror. Loosen this clamp and withdraw 
the tube. 

Remove the keystoning magnets 
and their securing strap from the de- 
fective tube and replace them on the 
new tube. Orient them so that they 
are equally spaced with respect to the 
high -voltage receptacle on the tube 

o 
LEFT MAGNET RIGHT MAGNET 

RIGHT MAGNET 

Part A shows the effect of under-keyston- 
ing and part B the effect of over-keyston- 

ing in a Philco projection set. 

and are tilted at approximately 45° 
from the center line of the tube. 

Slip the tube up through the de- 
flection yoke so that its base enters 
the tube clamp, then tighten the 
clamp. Plug the high -voltage lead 
into the picture tube. 

Focusing. Before you can adjust 
the optical system of a receiver using 
this projection system, you must pro- 
duce a clear, sharp picture on the face 
of the picture tube, preferably with a 
test pattern tuned in. To do this, you 
must adjust the background, auxiliary 
background, focus, auxiliary focus, 
and contrast controls of the set. These 
are adjusted with the spherical mirror 
removed from the optical barrel; you 
must hold a small mirror under the 
optical barrel so that you can see the 
face of the tube while you are making 
the adjustments. The manufacturer 
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gives detailed and specific instructions 
for making them. 

After the picture on the face of 
the picture tube has been properly 
focused, replace the spherical mirror 
on the bottom of the optical barrel. 
You can then observe the effect of 
adjustments of the optical system by 
watching the picture produced on the 
screen of the set. 

First, you must get the top and 
bottom of the picture parallel to one 
another. To do this, reach in through 
the top of the cabinet (which permits 
you to reach the top of the optical 
barrel), slightly loosen the clamp 
holding the picture tube, and rotate 
the picture tube within the deflection 
yoke. This changes the position of 
the keystoning magnets with respect 
to the electron beam of the tube and 
thus lets you make the top and bottom 
of the picture parallel. 

If the top and bottom of the pic- 
ture are not aligned with the viewing 
screen of the set after you have made 
them parallel, you must turn the tube 
and the deflection yoke within the 
optical barrel to make them so. To 
make this adjustment, reach in 
through the top of the cabinet, loosen 
the thumb nuts that hold the deflec- 
tion yoke, and rotate the yoke and 
the tube together until the picture 
and the screen are lined up properly. 
Tighten the thumb nuts again when 
the adjustment has been completed. 

If the sides of the picture are not 
parallel to each other and to the sides 
of the screen, the keystoning magnets 
are not at the proper angle with re- 
spect to the center line of the picture 
tube. To remedy this condition, you 
must remove the spherical mirror and 
adjust the angle of one or both 
magnets. Be sure to ground each 
magnet to the optical barrel with a 
grounding strap before you touch it 
with your hand. You must replace 
the spherical mirror to observe the 

effect of changing the position of the 
magnet and then remove it again to 
readjust the magnet position if neces- 
sary. 

When you have the picture properly 
lined up with the screen (that is, 
with the sides parallel to one another 
and to the sides of the screen and 
with the top and bottom parallel to 
one another and to the top and bot- 
tom of the screen), you can proceed 
with the focusing of the set. First, 
use a protractor to set the angle of 
the lid holding the viewing screen at 
exactly 67.5 degrees above the hori- 
zontal. An adjusting screw at the 
back of the cabinet permits you to 
change the angle of the screen if it is 
not correct. 

As the first step in the focus pro- 
cedure, you must move the picture 
tube toward or away from the 
spherical mirror to produce a good 
focus at the bottom of the picture. 
There is a focus lever at the top 
of the optical barrel that you can 
use to make this adjustment. 

When the bottom of the picture is 
in good focus, tilt the viewing screen 
forward slowly to see if the focus at 
the top of the picture is improved 
by your doing so. If it is, turn an 
adjusting nut at the top of the optical 
barrel that tilts the picture tube so 
that its lower edge is brought nearer 
the spherical mirror. Readjust the 
focus control lever to bring the bottom 
of the picture into good focus again, 
and again tilt the viewing screen 
forward slowly to see if the focus at 
the top of the picture improves. Re- 
peat the adjustment as many times as 
necessary until tilting the screen for- 
ward no longer improves the focus 
at the top of the picture. 

If the top of the picture is not 
properly focused, but tilting the screen 
forward makes it worse, turn the 
adjusting screw in the opposite direc- 
tion (moving the bottom of the pic - 
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ture tube away from the spherical 
mirror). Again, repeat the adjust- 
ment as many times as needed until 
tilting the screen forward does not 
improve the focus at the top of the 
picture. 

When the top and bottom of the 
picture are brought into proper focus, 
check the focus of the sides of the 
picture by tilting the screen forward 
slowly again. If both sides go out 
of focus together, the position of the 
tube is properly adjusted. If one 
side is affected more than the other, 
loosen locking nuts at the top of the 
optical barrel and slide the assembly 
of the tube and the deflection yoke 
horizontally away from the side of the 
picture that improved in focus. Tilt 
the screen forward again to check the 
effect of this adjustment. Repeat this 
last adjustment, if necessary, until 
tilting the screen forward makes both 
sides of the picture go out of focus 
together. 

It may be necessary to go through 
this adjustment procedure several 
times to get all parts of the picture 
properly focused. 

PROTELGRAM SYSTEM 
North American Philips, the com- 

pany that makes the Protelgram sys- 
tem, furnishes a complete optical unit 
and the associated high -voltage sup- 
ply to various manufacturers. You 
can therefore expect to find this sys- 
tem in use in many different brands of 
sets. 

Removal and replacement of the 
projection tube in this system is rela- 
tively simple, especially since it is 
possible to slip the whole projection 
unit out of the cabinet to work on it. 
To remove the tube, first loosen the 
locking nuts that secure the mounting 
bracket of the tube to the box in 
which the mirrors and the corrector 
lens are mounted. Next, turn the 
bracket counterclockwise enough to 

line up three slots in the bracket with 
these nuts. Then, withdraw the whole 
mounting bracket and the tube from 
the box, being careful not to strike 
the mirror through which the face of 
the tube projects. Unplug the high - 
voltage lead from the tube and loosen 
the clamp that holds the tube in the 
bracket. Slide the tube forward out 
of the bracket and remove the small 
shade that is held around the tube 
by a rubber band. 

To install the new tube, reverse 
this procedure. 

Courtesy North American Philips Co., Inc. 
Outside view of the Protelgram optical 

and high -voltage units. 

Focusing. As in the other sets we 
have discussed, a Protelgram optical 
unit is focused by moving the tube. 
The general procedure for focusing the 
unit is first to adjust electrical con- 
trols of the receiver to get the best 
possible focus on the face of the pic- 
ture tube, preferably with the set 
tuned to a station that is transmitting 
a test pattern. Next, loosen five lock- 
ing nuts on the back of the bracket 
that holds the picture tube. 

There are three long adjusting 
screws on the back of the tube mount- 
ing bracket. One of these, which is 
at the left as you look at the tube 
from the base end, is the main me - 

31 



PROJECTION TUBE 

DEFLECTION COILS 
ALIGNMENT ASSEMBLY 

ALIGNMENT KNOBS 

OUTPUT CABLE 
HIGH VOLTAGE UN T 

FOCUSING COIL 

PROJECTION TUBE 

TUBE SOCKET 

CONNECTION LEADS %MOUNTING BRACKET 

SECOND ANODE TERMINAL SIDE PLATE (Removed) 

CORRECTOR LENS 
OPTICAL UNIT 

SPHERICAL MIRROR 

45° 
MIRROR 

3.xia 
Courtesy North American Philips Co., Inc. 

The components of a Protelgram optical unit. 

chanical focusing adjustment; turning 
it moves the tube forward or away 
from the spherical mirror. Turn this 
screw until the center of the picture 
on the screen is focused. 

If the picture is not properly 
aligned with the screen, align it by 
adjusting the Allen set screws that 
support the complete optical unit. 

If the sides of the picture are not 
properly focused, turn the adjusting 
screw at the center of the top of the 
mounting bracket. Doing so moves 
the face of the tube up and down 

with respect to the spherical mirror. 
If this adjustment must be made, you 
will probably have to readjust the 
main mechanical focus screw. 

If the top and bottom of the pic- 
ture are not in equally good focus, 
turn the adjusting screw at the right 
of the tube mounting bracket. Doing 
so moves the face of the tube from 
side to side with respect to the 
spherical mirror. Again, an adjust- 
ment of this screw will probably make 
it necessary for you to adjust the 
main focusing screw again. 
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Making the Installation 

Once the set has been thoroughly 
checked and carefully adjusted in the 
shop, you are ready to install it in 
the customer's home. This procedure 
includes connecting the set to its 
permanent antenna and orienting the 
antenna to produce the best possible 
performance. Since this subject has 
already been discussed in an earlier 
Lesson, however, we shall not repeat 
the discussion here. 

The first step in making an installa- 
tion is, of course, to take the set from 
the shop to the customer's home. If 
the shop is a moderately large one, it 
will usually have delivery men to do 
this, with the installation crew drop- 
ping around after the set has been 
delivered to connect it up. In small 
shops, the installation crew may also 
make deliveries. 

Special precautions should be taken 
in transporting a receiver from the 
shop to the customer's home. As far 
as possible, it should be kept level at 
all times to prevent any of its parts 
from shifting position. To prevent its 
finish from being damaged, the set 
should be handled like a piece of 
fine furniture. It should be protected 
by quilted pads while it is in the 
delivery truck, and it should be held 
by bands or ropes to keep it from 
shifting around or perhaps falling 
over while the truck is moving. 

Locating the Receiver. The loca- 
tion of the set inside the home is, of 
course, up to the customer. If he 
chooses a very poor location, however, 
you should point out the disadvan- 
tages of the location in a tactful man- 
ner and suggest a better one. Remem- 
ber, if the customer gets eye strain 
from watching a set that is in a poor 
location, he will be apt to blame the 
set rather than its position. 

In general, a set should not be 
located so that a bright light (such 
as from a window or from lamps) is 
behind it or near it, as at A in Fig. 7; 
the eye will automatically adjust itself 
to the brightness level of this light 
rather than to the brightness level 
of the picture, with the result that 
the picture will seem dark. Neither 
should the set be located so the direct 
rays of a light fall upon the face of 
the picture tube, as at B in Fig. 7; 
if they do, the apparent contrast and 
brilliance of the picture will be re- 
duced, and there may be reflections 
and glare from the tube face and from 
the protective glass in front of the 
tube. Preferably, the set should be 
located so that the direct rays of 
any light entering the room will be 

FIG. 7. Two good and two poor positions 
for a television set. Position A is poor be- 
cause the bright light from the windows 
will distract the eye; position B is poor 
because light from the windows will be 
reflected from the cover glass and the 

picture tube. 

at right angles to the line of vision 
of the person watching the set. Hence, 
from a lighting viewpoint, positions 
C and D in Fig. 7 are good. 

To make viewing easy . on the eye 
over extended periods of time, the 
room in which the set is located 
should be well lit from some indirect 
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source of light. Ideally, the surfaces 
near the set should be almost as 
brightly lighted as the middle or 
darker grays of the scene on the 
picture tube. A complete absence 
of other light in the room is very 
hard on the eyes. You should point 
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FIG. 8. A good room arrangement for 
watching television. All light sources are 
approximately at right angles to the line 

between the viewers and the set. 

these facts out to the customer if he 
does not already know them. 

The set should also be placed so 
that none of its viewers will have to 
watch the picture at too great an 
angle. A typical good location both 
from a lighting and a seating view- 
point is shown in Fig. 8. People sit- 
ting on the sofa or the chairs have a 
good view of the face of the set. If 
the set is a projection type, which 
has a rather limited viewing angle, 
the chairs may be a little too far to 
the side in this arrangement. If so, 
they can be brought nearer the set 
and pulled closer together without 
interfering with the view of the people 
on the sofa. 

During the day, light from the win- 
dows will illuminate the room with- 
out lighting the face of the picture 
tube too much, particularly if vene- 
tian blinds are installed on the 
windows. At night, light from the 
adjacent room may be allowed to 
come through the door, or indirect 
light sources may be fastened on the 
wall in which the door is set. This 
arrangement is therefore good both 
from the standpoint of furnishing 

light at right angles to the line of 
vision and from that of placing all 
watchers at some reasonable angle 
with respect to the picture tube. 

Always keep in mind the fact that 
many components in a set may prove 
unstable or may deteriorate rapidly 
if they are exposed to excessive heat. 
Since the set becomes quite warm in 
normal use, it should be located so 
that it can have enough ventilation. It 
should not be placed close to radiators 
or other sources of external heat, nor 
should any ventilation holes in the 
receiver cabinet be blocked by doilies 
or scarves. It should be located sev- 
eral inches out from the wall to allow 
heat to escape through the back. 

If a table model set has ventilation 
holes in the bottom, as many do, it 
is best to mount it on the open -top 
tables offered by the manufacturer. 
In addition to permitting proper ven- 
tilation, such a table is strong enough 
to support the set. If the customer 
wishes to use his own table instead of 
the one offered by the manufacturer 
of his set, be sure that the table will 
be strong enough and that it will not 
block any ventilation holes in the set. 

The proper height for a table model 
set depends somewhat on the furniture 
in the room. With ordinary living 
room furniture, the center of the tube 
face should be about forty inches 
from the floor. This is the height the 
tube will be if the table made by the 
manufacturer of the set is used. If 
the furniture is very low, however, 
the set should be somewhat lower than 
this so that it can be watched com- 
fortably. 

One other factor that should be 
considered in locating a set is the 
distance from the set to the chair or 
sofa from which it will be watched. 
The optimum viewing distance for 
each size of picture is equal to 6 to 8 
times the height of the picture. A 
table of the best viewing distances for 
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pictures of different sizes is given in 
Fig. 9. The viewing distance may be 
greater or less than the optimum dis- 
tance, of course, but it is desirable to 
locate the set so that most of the seats 
will be somewhere near the right dis- 
tance for the picture size. 

Perhaps you feel that it is not really 
the business of the installer of the set 
to determine where it should be placed. 
Remember, however, that a television 
set is not like a radio receiver; it can- 
not be moved about a room readily, 
because its location is more or less 
fixed by the placement of the trans- 
mission line. Therefore, if it turns 
out that the customer is not satisfied 
with the location of his set, he will 
either call you back to change it or 
attempt to do the job himself-and 
in the latter case, he may injure the 
set or the transmission line. A poor 
location for the set may therefore 
result in your getting a call-back that 
could have been avoided if you had 
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FIG. 9. Optimum viewing distances for 

picture tubes of various sizes. 

placed the set in a better location in 
the first place. If the customer has a 
service contract with you or your firm, 
he will expect you to change the loca- 
tion of the set free of charge. There- 
fore, you will be better off to see that 

the set is in a good location from the 
start. 

COMPLETING THE 
INSTALLATION 

When the set has been placed in its 
desired location, it should be con- 
nected to its antenna, and the antenna 
should be oriented to get the best 
possible reception. You learned how 
to do this in an earlier Lesson. Once 
the right position for the antenna has 
been found, all that remains to be 
done is to clear up any interference 
that is present, to make any minor 
adjustments needed in the set, and to 
instruct the customer in the use of 
the controls. Clearing up interfer- 
ence may turn out to be a big job. 
However, we shall not discuss it here; 
you will learn how to do it in a later 
Lesson. 

As a final test of performance, check 
the reception on each station. The set 
should be thoroughly warmed up be- 
fore you make this check. 

There is always a possibility that 
some part may shift position slightly 
in the set while it is being carried 
from the shop to the customer's home. 
The ion trap may slip a bit, for exam- 
ple, if it is one of the kind that is 
held on the neck of the tube by a 
spring clamp. As a matter of fact, 
if the set uses this kind of ion trap, 
it is a good idea for you to check its 
position as a matter of routine. Twist 
it slightly and slide it back and forth 
a short distance to see if the picture 
brightness is improved by your doing 
so. 

Customer Instruction. When the 
installation has been completed, you 
must show the customer exactly how 
to operate the set. If the manufac- 
turer supplies a customer manual, see 
that he gets a copy. If the customer 
has never owned a television set be- 
fore, have him tune in each station 
to make sure that he knows how to 

35 



adjust all the controls. Don't just 
show him how the controls should be 
adjusted-show him the effect of a 
misadjustment of a control, such as 
the fine tuning or contrast control, 
and then show him how to correct it. 
In other words, take time to make 
sure that the customer will be able to 
operate the set to his own satisfaction; 
you will be saving yourself a call- 
back or two by doing so. 

As a matter of plain common sense, 
don't compare the performance of 
your customer's set unfavorably with 
that of other models. Even if the set 
is not the best one, don't mention that 
fact. Tell him what he can expect 
in the way of reception without saying 
that he could get better reception with 
a better set. Remember, he is con- 
vinced the set is a good one, or he 
would not have bought it. 

Some customers will want to know 
exactly how the set works. You should 
do your best to tell him what he wants 
to know in language that he under- 

stands. If he appears to have a good 
technical background, you may be 
able to be fairly detailed in your 
explanation. If, on the other hand, 
he has no knowledge of electricity, 
you'll only be wasting time if you 
attempt to describe the operation of 
the set from the technical viewpoint. 
No matter how simple you make your 
explanation, however, be careful not 
to give him any misinformation. He 
may quote your explanation to his 
friends when they drop in to see 
the set; if you have misled him, and 
someone points this fact out to him, 
he will bear you a certain amount of 
ill will. 

If you install a set during the day 
when there is not much on in the 
way of programs, it will be a very 
good idea for you to make an appoint- 
ment to drop back some evening to 
see how the set sounds. Doing so will 
let you check up on the way the cus- 
tomer is operating the set as well as 
on the performance of the set itself. 
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Lesson Questions 

Be sure to number your Answer Sheet 61RH-2. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. Why is it important that metal picture tubes be handled only by their 
metal rims? 

2. What is the purpose of the two flags on the gun structure of many electro- 
magnetic picture tubes? 

3. Why is it necessary to see that the two small wire loops at the front of 
the cushion that supports the neck of an electromagnetic glass tube make 
good contact with the conductive coating on the funnel of the tube? 

4. What adjustment should be made if the retrace lines are visible in a pic- 
ture that is otherwise good? 

5. What is the effect on the picture of setting the contrast control too high? 

6. Why is it necessary to adjust the ion trap at once when the set is first 
turned on? 

7. How can you square the picture with the picture -tube mask for: (a) an 
electromagnetic tube; (b) an electrostatic tube? 

8. If one corner of the picture or raster on an electromagnetic picture tube 
is heavily shadowed, what control or controls need adjustment? 

9. Why is it unwise to place a receiver with its back very close to the wall? 

10. What rough rule is used to find the approximate optimum viewing dis- 
tance for any size of direct -view picture tube? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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TEN SUGGESTIONS 
I. Accept and welcome fair criticism. 
II. Don't be a chronic grouch or petty complainer. 
III. Develop a "we" and "our" attitude toward 

your company. Realize that what hurts company 
business hurts you also. 

IV. Hard work brings success just as fast today 
as ever. Remember this-if you never do more 
than you're paid to do, you'll never get paid for 
more than you do. 

V. Prepare yourself to handle the work of men 
above you. A good understudy is valuable. 

VI. Always be ready to do new tasks. 
VII. Develop confidence in your abilities, but 

avoid over -confidence. 
VIII. Keep your head when the routine of work 

is varied or when an emergency arises. 
IX. Don't bury your nose in the details of your 

job. Assign routine duties to your assistants, so 
you will have time for more important things. 

X. Devote a few minutes each day to clear think- 
ing about your job, your future and your company's 
future. 



MAINTENANCE OF P. A. SYSTEMS 



STUDY SCHEDULE 

1. Introduction Pages 1-2 

This section introduces the three sections that are to follow, and explains 
how these procedures dicier. 

2. Renovating P. A. Systems Pages 2-14 

After a theoretical discussion of distortion, hum and noise, and oscillation, 
this section shows what practical steps may be taken to improve amplifiers 
having these defects. 

3. Preventive Maintenance Pages 14-17 

The steps taken in regular inspections that prevent many breakdowns. 

4. Servicing P. A. Systems Pages 17-28 

Practical service procedures for oscillation and motorboating, hum, noise, 
low output, dead systems, distortion, and intermittent defects. 
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PREVIOUS Lessons have shown 
you how sound systems are 

planned and installed. Now we are 
going to discuss keeping sound systems 
in good condition. 

This Lesson is divided into three 
sections. First, we shall discuss the 
renovation of existing equipment to 
improve its performance; next, we 
shall study preventive maintenance 
procedures that shoutd be followed to 
keep a system from developing com- 
plete breakdowns; and finally, we 
shall learn how to service defective 
systems. 

The need for renovation usually 
arises when new demands are made 
of the system. For example, it may 
be desired to play music over a p.a. 
system that was originally intended 
to carry only voice. In almost every 
such case, you will have to improve 
the frequency response of the system 
before it will be able to reproduce 
Photo above Courtesy Jensen Mfg. Co. 
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music with good fidelity. 
Natural aging may make equip- 

ment deteriorate to such an extent 
that it no longer gives satisfactory 
service even though it is not actually 
defective. Many consider the restora- 
tion of such systems to be a renova- 
tion, although it may also' be classed 
as servicing if the final results are 
not better than the original response. 

Preventive maintenance involves 
making frequent tests and inspections 
of a system as a matter of routine 
with the object of anticipating possi- 
ble part failures and thereby pre- 
venting them from happening. The 
procedures followed in preventive 
maintenance often seem to be un- 
important actions, since they consist 
mostly of inspecting components, 
shaking wires, removing dust, and so 
forth. Their value is proved, however, 
by the fact that a system stays in 
operating condition longer when these 
procedures are carefully followed. 



Repairing defects in a p.a. system 
is much like repairing the audio sys- 

tem of a radio. As you will learn, 

however, there are certain defects 

that are more apt to occur in p.a. sys- 

tems than in radios, mostly because 
a p.a. system is worked more nearly 
at its maximum level, so slight 

changes in tube characteristics or in 

operating potentials show up readily 
in reduced and distorted output. Also 

there are more connections between 
the amplifier and the input and out- 

put devices, and each joint is a pos- 
sible source of trouble. 

We shall consider both true p.a. 
systems and office intercoms in this 
Lesson. Although the office intercom 
is really just one form of public ad- 
dress system, the fact that it is low 

powered and is intended to carry only 
voice makes the general procedure of 
maintaining it somewhat different 
from that usually followed for a p.a. 
system. 

Now, let's discuss the renovation of 
inadequate p.a. systems. 

Renovating P. A. Systems 

A p.a. system may distort, hum, be 

noisy, oscillate, or have insufficient 
volume without being defective in the 
sense that some part or parts have 
failed. Any one of these conditions 
may be bad enough (because of lower 
original design requirements) to re- 
quire correction, particularly if great- 
er demands are placed on the system 
than were originally made. Let's see 

why these conditions may arise, and 
what can be done about them. 

DISTORTION 

The output of a p.a. system is dis- 
torted when it differs from the orig- 
inal input in any way except in a 

uniform change in volume. There are 
four kinds of distortion-amplitude, 
frequency, intermodulation, and 
phase. Phase distortion is not impor- 
tant in practical sound work, but any 
one of the other three may be present 
to an objectionable extent. We have 
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discussed these kinds of distortion in 
earlier Lessons, but, to refresh your 
memory, we shall describe briefly 
what each consists of. 

Amplitude distortion is present if 
the shape of the output signal differs 

AMPLIFIER 

AMPLIFIER 
2 

AMPLIFIER 
3 

Amplitude distortion is present when the output 
signal of an amplifier does not have the same 
shape as the input signal. Here, for example, a 

sine wave is applied to three different amplifiers. 
Amplifier 1 clips the negative half of the input 
signal, amplifier 2 clips the positive half, and 
amplifier 3 clips both halves. In each case, the 

output of the amplifier is distorted. 



from that of the input signal. In 
other words, if we feed a sine wave 
into a p.a. system and do not get a 
sine wave out, the system exhibits 
amplitude distortion. Amplitude dis- 
tortion usually results in a flattening 
out of one or both half -cycles of the 
sine wave. This means, as you have 
learned, that higher frequencies have 
been added to the original signal. If 
only one half -cycle is distorted, even 
harmonics have been added; if both 
are distorted, odd harmonics have 
been added. 

and difference of the two audio fre- 
quencies. It is similar to amplitude 
distortion in that extra frequencies 
are added; these added frequencies 
are not harmonics of the original fre- 
quencies, however. For example, if 
an audio frequency of 300 cycles and 
another of 700 cycles are applied to 
some non-linear device-such as a 
saturated transformer-beat frequen- 
cies of 400 cycles and 1000 cycles will 
be produced, as well as frequencies 
resulting from the interaction of these 
beat frequencies with one another and 
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This is the frequency -response curve of a typical 
amplifier of fairly good characteristics. 

Frequency distortion is present 
when some frequencies are amplified 
more or less than the other frequen- 
cies in the input signal. An amplifier 
that is deficient in high -frequency or 
low -frequency response, or which has 
a peak in its response, exhibits fre- 
quency distortion. 

Intermodulation distortion might 
also be called audio -frequency super - 
heterodyning. It occurs when two 
audio frequencies are fed into a non- 
linear device. The result is the same 
as that achieved when a radio signal 
and an oscillator signal are fed into 
the first detector of a superhetero- 
dyne; that is, beat frequencies are 
produced that are equal to the sum 
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with the original frequencies. These 
beat frequencies are not usually of 
great amplitude, but there are enough 
of them, when intermodulation dis- 
tortion is pronounced, to cause fuzzi- 
ness in the sound output. Intermodu- 
lation distortion is seldom measured 
for any amplifier, since there is no 
very easy way to measure it; in gen- 
eral, you can assume that a system 
having low amplitude distortion will 
also have low intermodulation dis- 
tortion, although this is not true in 
every case. 

A p.a. system exhibiting any one or 
any combination of these distortions 
may be satisfactory for some limited 
use, such as reproducing spoken words 



only. However, such a system will 
almost invariably need renovating if 
it is to be used. for music, since in that 
case the distortion will be far more 
noticeable. 

Amplitude Distortion. Amplitude 
distortion may originate in the pick- 
up device, the amplifier, or in the 
loudspeaker, but its most usual source 
is in the amplifier. In fact, any am- 
plifier has a certain amount of ampli- 
tude distortion. Therefore, the prob- 
lem is not to eliminate amplitude 

In fact, whenever new demhnds 
make the amplifier of a sound system 
inadequate, about the only thing you 
can do is replacé it with a better 
amplifier. We are assuming, of course, 
that the old amplifier is in good con- 
dition but is simply incapable of fur- 
nishing all the power needed. 

Amplitude distortion may also . be 
caused by a speaker cone that has 
become relatively inflexible. An old 
cone, or one that has been exposed 
to dry heat for some time, may have 
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The frequency -response curve of a typical loud- 
speaker. Notice how much less fiat it is than that 

of the amplifier shown earlier. 

distortion altogether, but to reduce 
it so much that it is unobjectionable. 
A commercial amplifier of reasonably 
good quality usually has relatively 
low amplitude distortion if it is oper- 
ated conservatively-that is, if its 
rated output is 20% or 30% more 
than the power actually drawn from 
it. 

If you are renovating a system that 
exhibits excessive amplitude distor 
tion, check first to make sure that the 
amplifier is not being asked to supply 
more output than it is designed to 
furnish. If it is, the only remedy is 
to install an amplifier that is easily 
capable of handling the load placed 
upon it. 
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this defect. The only cure is replace- 
ment of the cone or of the speaker. 

Frequency Distortion. Frequency 
distortion may be caused by the pick- 
up device, by an audio line, by an 
amplifier, or by the loudspeaker. 
Each of these devices passes some 
frequencies better than others, even 
when it is in perfect condition, so the 
sound system may have marked fre- 
quency distortion without having any 
defective part. 

You must always keep in mind the 
fact that the amplifier frequency re- 
sponse does not necessarily determine 
the fidelity of the sound system. Even 
if an amplifier has a perfectly flat 
frequency response throughout the 



audio range, the sound system in 
which it is used may have severe fre- 
quency distortion if any of the other 
elements in the system has peaks or 
valleys in its response. Therefore, to 
secure high fidelity in a sound system, 
you must match the components so 
that the overall frequency character- 
istic has the desired shape. Usually it 
is best to design the system so that it 
is flat in response within reasonable 
limits for the desired range, but in 
some special cases it may be prefer- 
able to accentuate the lows or highs. 

When you are attempting to im- 
prove a system that already exists, 
you do not usually have the freedom 
that the original designer had. The 
customer will generally expect you 
to make as few changes as possible 
to give the system the performance 
he desires. This means that, when a 
system exhibits frequency distortion, 
your efforts will be directed toward 
raising the valleys or lowering the 
peaks in the response as economically 
as possible. Very often this will mean 
that you will change a component of 
the system rather than attempt to im- 
prove its response, because the time 
cost of your work in making such an 
improvement would be more than a 
new component having the desired 
characteristic would cost. 

Curves are very often used in dis- 
cussions of the fidelity of sound sys- 
tems. Such a curve usually shows how 
much db variation there is in the out- 
put of a sound system at different 
frequencies. To the p.a. man, how- 
ever, these curves have only theoreti- 
cal interest. As a practical matter, it 
is impossible to plot such a response 
curve for a complete installation. It 
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is possible to do so under laboratory 
conditions, using very elaborate equip- 
ment, but it is never done in practice. 

These curves do have some valu- 
able information to give you, how- 
ever. For example, if a frequency 
response curve furnished by the man- 
ufacturer shows that the microphone 
to be used has a deficient low -fre- 
quency response, you know at once 
that the low -frequency response of 
the amplifier will probably need to be 
boosted to give a reasonably flat out- 
put. Similarly, if the manufacturer's 
information on the loudspeaker to be 
used indicates that it is deficient in 
response at one end or the other of 
the frequency range, you know ap- 
proximately what change you should 
make in the amplifier output to cor- 
rect for this condition. 

However, curves that apply to gen- 
eral types of microphones or loud- 
speakers do not necessarily apply to 
specific microphones or loudspeakers 
that you may have. These curves are 
usually plotted for average values, 
and the equipment you have may not 
follow the average exactly. For that 
matter, even if the manufacturer used 
the particular microphone or loud- 
speaker you are concerned with in 
gathering the data for these curves, 
you have no guarantee that the char- 
acteristics of the device have not 
changed appreciably since the curve 
was drawn. 

Therefore, the only practical use of 
such curves is to give the man who is 
designing the system some idea of 
how well the various components will 
match. If it appears from the manu- 
facturer's information that the equip- 
ment to be used will give a reasonably 



flat frequency response in combina- 
tion, the chances are that only small 
adjustments will be needed to get the 
desired frequency response after the 
installation is made. 

Fortunately, it is not necessary to 
make measurements of frequency re- 
sponse when you are renovating a 

sound system. The object of the sys- 
tem, is, after all, to produce an ampli- 
fied sound that will be agreeable, or 
at least acceptable, to the ear. There- 
fore, you can check the performance 
of the system adequately simply by 
listening to it. If it sounds good, it 
is good-regardless of whether or not 
a measurement of the frequency re- 
sponse would show it to be perfectly 
flat. As a matter of fact, a system 
that has a certain amount of fre- 
quency distortion may sound better 
than does one that is theoretically 
perfect. 

There is one major difficulty you 
will meet, however, in testing a sys- 
tem by listening to it. This difficulty 
arises from the fact that people differ 
in their hearing ability and prefer- 
ences. Many prefer accentuation of 
the low frequencies in music, for ex- 
ample. Consequently, you may find 
that a customer doesn't like the repro- 
duction a sound system gives even 
though you consider it excellent. 

As a matter of fact, it is just about 
impossible to set up a sound system 
having a fidelity that everyone will 
consider satisfactory. Of course, ex- 
tremely high fidelity is seldom re- 
quired of a sound system unless it is 

to be used to amplify fine music for 
critical listeners. Installations of this 
sort are relatively rare, and usually 
highly trained sound engineers make 
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them. We can, therefore, forget the 
problems of extremely high fidelity 
and instead consider only the suffi- 

ciently large problems of producing 
acceptable frequency response. 

The process of compensating for 
lack of uniformity in the frequency 
response of a sound system is called 
"equalization." Usually equalization 
involves increasing the low -frequency 
and high -frequency response of the 
amplifier to compensate for poor re- 
sponse in the microphone and loud- 
speaker at the ends of the audio 
range. Sometimes this can be done 
satisfactorily by adjusting the tone 
controls of the amplifier. This is pos- 
sible, however, only if the system is 

well designed in the first place so that 
the components of it are reasonably 
well matched. If there are serious de- 
ficiencies in response in the micro- 
phone or the loudspeaker, or if the 
audio line connecting the various 
components discriminates excessively 
between frequencies, more elaborate 
correction is usually necessary. 

A microphone may have weak low - 
frequency or high -frequency response 
or may have a peak at some fre- 
quency because of mechanical reso- 
nance. When this last defect is 
present, sound waves of the frequency 
at which the microphone is resonant 
will cause abnormally large mechani- 
cal motions within the microphone, 
producing an output with a relatively 
sharp, high peak. This defect is char- 
acteristic of low-priced microphones; 
the better grades contain damping 
arrangements that largely eliminate 
mechanical resonance. The only cure 
for a microphone that does exhibit 
excessive peaking from this cause is 



to replace it with a better one. In 
some cases it is worth while to try a 
similar microphone in place of the one 
that is causing trouble, since there 
may be a considerable difference in 
their responses. 

If a high -impedance microphone is 
used with a long microphone cable, 
there will be a very noticeable de- 
crease in the high frequencies by the 
time the signal reaches the amplifier, 

izers are made by several companies. 
Almost invariably, however, these are 
"losser" networks-that is, they com- 
pensate for a loss in high frequencies 
by reducing the low frequencies pro- 
portionately. or vice versa, with the 
result that the signal applied to the 
amplifier has the right proportion of 
highs and lows but is considerably 
weaker than the original output of 
the microphone. Such losser equal - 
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The frequency -response curve of a typical micro- 
phone. Like the loudspeaker, this microphone is 
far less flat in its response than is the amplifier. 
Remember that the overall frequency response of 
a p.a. system depends upon the responses of the 
individual components, not simply on the 
response of the amplifier alone. As a matter of 
fact, as you can see by examining the examples 
of amplifier, loudspeaker, and microphone 
responses given in this Lesson, the loudspeaker 
and the microphone vary so widely that it 
is they, rather than the amplifier, that determine 

the overall response. 

because of the shunting effect of the 
distributed capacity of the micro- 
phone cable. For this reason, you 
should always use a low -impedance 
microphone and a low -impedance line 
when the microphone must be over 
20 or 25 feet from the amplifier. 

Weak low -frequency or high -fre- 
quency response, if it is not excessive, 
can usually be equalized by adjusting 
the tone controls of the amplifier. If 
not, you can insert an equalizer net- 
work in the line between the micro- 
phone and the amplifier. Such equal- 

izers can be used only when the gain 
of the amplifier is great enough to 
overcome the attenuation they cause. 
Obviously, if the amplifier is working 
at its peak output, it cannot have suf- 
ficient reserve power to make up for 
the extra loss. 

If the amplifier does not have 
enough gain to permit you to use an 
equalizer, probably the best way out 
is to use a better microphone-unless 
you intend to install a new amplifier 
anyway, in which case you may be 
able to get one having sufficient gain 



to make the use of an equalizer 
possible. 

Frequency distortion may also 
occur in the output system of the 
amplifier. Any one or more of these 
causes for frequency distortion may 
exist: 

1. The loudspeaker may not be 
linear in its reproduction. 

2. The baffle system used with the 
loudspeaker may cause a loss of the 
low frequencies. 

3. The line -coupling transformer 
may cause losses at the high and low 
ends of the audio range and may pos- 
sibly cause resonant peaks in the 
middle. 

4. There may be loss of high fre- 
quencies in the line from the amplifier 
to the loudspeaker because of the dis- 
tributed capacity of the line. 

Frequency distortion caused by 
non -linearity of the loudspeakers can 
be minimized by using loudspeakers 
of good quality and efficient design 
instead of inexpensive and inefficient 
units. If fidelity is particularly im- 
portant, separate loudspeakers may 
be used for the high frequencies and 
for the low frequencies. As you know, 
a combination of two speakers used 
in this manner is called a tweeter - 
woofer combination. Modern coaxial 
loudspeakers, in which the high -fre- 
quency tweeter is mounted within the 
cone opening of the low -frequency 
woofer, will give very extended cov- 
erage; the best will reproduce fre- 
quencies from as low as 30 cycles up 
to about 15,000 cycles with a mini- 
mum of frequency distortion. 

Of course, it is useless to use an 
extended -range loudspeaker system 
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when the total range of the amplify- 
ing system is restricted. For example, 
if the amplifier system is capable of 
handling a range of 70 to 8000 cycles, 
a loudspeaker system that will repro- 
duce from about 60 to about 10,000 
cycles will give the system the utmost 
fidelity of which it is capable. There 
would be no point in using a loud- 
speaker system that had a more ex- 
tended coverage than this. 

When a tweeter -woofer combina- 
tion is installed in this system, it is 
necessary to use a cross -over network 
with it to separate the highs from the 
lows and feed each to its proper loud- 
speaker. Most high-fidelity loud- 
speaker systems have such cross -over 
networks built into them; if not, the 
manufacturer almost always offers a 
suitable network separately. 

It is practical to install better loud- 
speakers if the original ones are cone 
loudspeakers. If the original loud- 
speakers are exponential horns 
equipped with driver units, replacing 
them with cone -type loudspeakers is 
possible only if the consequent loss in 
sound power output is not objection- 
able. 

There is usually a distinct loss in 
the frequencies below 250 cycles when 
horn loudspeakers are used. This 
makes them unsuitable for reproduc- 
ing music when good fidelity is 
wanted. Folded auditorium horns will 
provide a greater frequency range 
but are not used very often, because 
they are large and expensive. Cone 
loudspeakers enclosed in suitable baf- 
fles offer a wider frequency range than 
any other kind of reproducer fur- 
nishes, and are therefore preferred for 



faithful reproduction of music. They 
have several faults, however, mainly 
that they are limited in their power - 
handling capabilities and have low 
conversion efficiency. The fact that a 
cone loudspeaker has low conversion 

Courtesy .'essen 
FIG. 1. This is a typical bass reflex loudspeaker 
baffle. These come in three sizes to accommo- 
date 8", 12", or 15" loudspeakers. The finished 
appearance of this baffle makes it suitable for 
installation almost anywhere without need for 

concealing it. 

efficiency means that it must be fed 
considerably more power than must 
be applied to a horn loudspeaker to 
produce the same sound output. Since 
a single cone loudspeaker cannot han- 
dle much power, a great many of 
them must be used to get a high-level 
output. 

There are various kinds of box baf- 
fles available for use with cone 
loudspeakers. Of these, the bass reflex 
baffle is the one most commonly used. 
A picture of one of these baffles is 
shown in Fig. 1. It consists of a 
wooden or fiber box that is closed on 
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all sides except the front, in which 
there are two holes. A loudspeaker is 
mounted in one of these holes; the 
other is a port from which emerges 
the sound waves caused by the move- 
ment of the back surface of the 
speaker cone. The baffle is designed 
so that the sound coming out of this 
port reinforces the bass. 

Several manufacturers supply dual 
loudspeakers with matching cabinet 
baffles for use when high-fidelity 
sound output is desired. These are, 
of course, considerably more expen- 
sive than an ordinary wall loud- 
speaker. If it is necessary to use reflex 
trumpets because high efficiency of 
sound conversion is needed, it may be 
possible to get better low -frequency 
response by installing larger trumpets, 
which have longer air columns and 

Courtesy RC.4 
This is another type of bass reflex baffle. Two 
loudspeaker units are used in it, one for high 
frequencies and one for low. The frequency 
range.the assembly can reproduce in from 75 to 
12,000 cycles, and its power -handling capacity 
is 20 watts. The unit can be stood on the floor, or 
the feet can be removed to permit wall mounting. 



correspondingly lower cut -off -frequen- 
cies. It is possible to get a reflex 
trumpet that has an air column of 
61/2 feet and a low -frequency cut-off 
of 85 cycles. A trumpet having a cut- 
off frequency this low is adequate for 
all but the most demanding installa- 
tions. 

An important cause of frequency 
distortion in the output section of a 
sound system is the coupling trans- 
former used in the loudspeaker circuit. 

AMPLIFIER 

from the microphone to the amplifier 
does. If the amplifier has sufficient 
reserve power, some form of losser 
equalization can be used that will 
attenuate the low and middle frequen- 
cies as much as the high frequencies 
are attenuated by the line, giving, as 
a result, a final output that is nearly 
flat. Such a method is particularly 
useful if the amplifier uses negative 
feedback in the output stage, and it 
is therefore not particularly critical 
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FIG. 2. An example of a loudspeaker system in which one line is equalized but the others are not. 
This is sometimes necessary as the text points out, when one line is considerably longer than the 
others. They are all drawn the same length here because it is not customary to indicate actual line 
lengths on a schematic diagram of this sort; however, the presence of the equalizer in one line 

indicates that it is different from the others. 

Unless it is of very good quality, this 
transformer may introduce losses at 
the high and low end of the audio 
band and may cause excessive peak- 
ing in the middle of the band. If an 
undesirable amount of frequency dis- 
tortion is caused by the matching 
transformer, you must replace the 
transformer with a better one unless 
the adjustment of a tone control 
somewhere in the system makes it 
possible to remedy the distortion. 

The output audio line going to the 
loudspeakers may also cause fre- 
quency distortion, just as the line 

lo 

with respect to changes in the output 
circuit impedance. 

When a parallel arrangement of 
loudspeakers is used, it is sometimes 
necessary to equalize the response of 
one but not of the others. This may 
occur, for example, if one loudspeaker 
is some distance from the others and 
therefore has a long audio line run- 
ning to it (Fig. 2). The equalizer used 
will have very little effect on the am- 
plifier load in such a case; its presence 
merely means that the impedance of 
one of the parallel branches is in- 
creased somewhat, and this, of course, 



affects the net impedance of the par- 
allel combination only slightly. 

If equalization must be introduced 
in one of the lines of the parallel 
arrangement, however, it may be that 
attenuation will have to be introduced 
in the other lines to keep the outputs 
of all the loudspeakers at the same 
relative level. This may become neces- 
sary because of the power loss in the 
equalizer used in the line to the loud- 
speaker. The necessary attenuation 
can be secured by installing T pads 
in the lines of the other loudspeakers. 
These pads can be purchased com- 
mercially if you specify the db loss 
needed and the source and load 
impedances. 

It is also possible that you may 
want to run the equalized speaker at 
a lower level than the others under 
some conditions. If the equalizer in 
the line does not reduce the output 
sufficiently, it may be necessary to 
use a T pad in the line also. 

HUM AND NOISE 

Any high -power amplifier has a 
certain amount of hum. Since this 
hum is low in frequency (120 cycles 
if the amplifier uses full -wave rec- 
tification), it may not be audible if 
the amplifier is used with loudspeak- 
ers that have poor low -frequency 
response. Installing loudspeakers with 
better fidelity characteristics during 
renovation of such a system may ac- 
tually make the system sound worse 
by making the hum more audible. 
(Also, changing speakers may result 
in more acoustic feedback, thus caus- 
ing a howl.) Whenever you improve 
the low -frequency response of a sys- 
tem, therefore, be on the lookout for 
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an increase in hum. If it becomes ob- 
jectionably noticeable, it may be 
necessary to improve the filter sys- 
tem of the amplifier, replace the 
power pack, or even install a new 
amplifier with a lower hum level. 

Hum may also be produced during 
renovation if some unshielded part 
of the system is brought near a source 
of hum, such as an a.c. power line 
carrying heavy currents. Check over 
the installation to make sure this has 
not happened if the hum level is 
higher after a circuit change. 

Noise in a system usually occurs 
only because there is some defect in 
the system. It is possible, however, 
that a change in microphones or in 
the conditions at the point where the 
microphones are may cause more 
noise to be picked up and reproduced 
than formerly. This may happen, for 
example, if you replace a sharply uni- 
directional microphone in a noisy 
location with one that has a more 
widespread pickup pattern. Choosing 
a microphone with a more nearly uni- 
directional pattern, or selecting some 
relatively noise -free location for the 
microphone, will clear up the diffi- 
culty. 

OSCILLATION 

Oscillation may be caused in a p.a. 
system either by a defect in the am- 
plifier or by acoustic feedback from 
a loudspeaker to a microphone. When 
you have had a little experience, you 
will usually be able to tell easily 
which kind of oscillation is occurring. 
Acoustical howling caused by sounds 
from the loudspeaker feeding back to 
a microphone is usually in the middle 
register-around 2000 or 3000 cycles. 



Oscillation caused by a defect in the 
amplifier is usually either very low 
or very high in frequency. If you can 
reduce the microphone input to the 
amplifier to zero and still hear the 
oscillation, and the loudspeaker is 
not so near the amplifier that it is 

Courtesy RCA 
This is another type of bass reflex baffle. Two 
loudspeaker units are used in it, one for high 
frequencies and one for low. The frequency 
range the assembly can reproduce is from 75 to 
12,000 cycles, and its power -handling capacity 
is 20 watts. The unit can be stood on the floor, or 
the feet can be removed to permit wall mounting. 
This is a dual loudspeaker having an unusually 
wide frequency response -50 to 1 3,000 cycles. 
It is used chiefly in locations where extremely 

high fidelity is wanted. 

likely to be causing actual physical 
movement of a tube within the am- 
plifier, you can be reasonably certain 
that the defect is in the amplifier 
circuits. This is covered elsewhere 
under repair of defects. However, 
acoustic feedback and the resulting 
howling may be such that renovation 
of the system is desirable. 
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There is almost always a certain 
amount of acoustical feedback in any 
p.a. system. Oscillation occurs when 
so much sound energy is fed back to 
the microphone that the production 
of sound by the p.a. system becomes 
self-sustaining. Suppose, .for example, 
that a person speaks into a micro- 
phone over a public address system. 
A certain part of the amplified re- 
production of the voice will be re- 
flected back to the microphone. If 
the reflection is so strong that the 
volume level at the microphone of 
this reflected sound is as great as the 
volume level of the original sound, 
the amplifier will produce an output 
equal to the original output, and the 
process will be repeated over and over 
again. The result is that the p.a. sys- 
tem will produce a steady tone or 
howl, probably with a frequency be- 
tween 2000 and 3000 cycles, because 
the overall amplification and feed- 
back tend to "peak" in this range. 
As you can see, this is similar to the 
production of oscillation in an elec- 
trical circuit except that here the feed- 
back is caused by the reflection of 
sound waves from the output to the 
input. 

You can readily see that both the 
amplification of the system and the 
amount of acoustical feedback deter- 
mine whether such howling will occur. 
If the amplification is high, even a 
small acoustical feedback can cause 
oscillation; or, if the amount of feed- 
back is large, oscillation can occur at 
relatively low amplifications. 

To control this kind of oscillation, 
therefore, either the amount of feed- 
back or the amplification of the sys- 
tem must be reduced. It is easier, but 



less desirable, to reduce the amplifica- 
tion-easier because doing so merely 
involves turning down the volume 
control, undesirable because doing so 
puts an upper limit on the output of 
the system. In renovating a system, 
you should reduce the feedback to 
such an extent that oscillations will 
not occur even when the system is 
operating at full volume. We shall 
discuss means of reducing feedback 
in a moment. 

Howling can sometimes also be 
stopped by adjusting the tone con- 
trol of the amplifier. It is quite pos- 
sible that a p.a. system will have 
peaks at one or more points in the 
frequency range-that is, some fre- 
quencies will be amplified more than 
others. It is also possible that some 
frequencies will be fed back to the 
input more than others; high frequen- 
cies are more directional than low 
frequencies, for example, and may 
therefore be concentrated toward a 
wall from which they are reflected 
very readily, with the result that the 
sound reflected to the microphone 
contains more high frequencies than 
low frequencies. As we said, oscilla- 
tions may occur if either the feedback 
or the amplification is too high. If 
the amplifier response is greater for 
some frequencies than for others, or 
if the feedback is greater for some 
frequencies than for others, those fre- 
quencies may cause howling even 
though all other frequencies do not. 
If the frequencies causing oscillation 
can be reduced by adjustment of the 
tone control, it will not be necessary 
to reduce the volume of the whole 
system to prevent oscillation. Like 
the reduction of volume, this method 
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of preventing oscillation is less desir- 
able than is reducing the feedback, 
since it reduces the flexibility of the 
system. Hence, a correction of the 
frequency response maybe the reno- 
vation step required. 

Reducing Feedback. Assuming 
that the system does not have any 
loudspeaker pointing directly at the 
microphone, the ways to reduce 
acoustical feedback other than using 
different microphones or speakers are: 

1. Move the speakers to a differ- 
ent location. 

2. Move the microphones so that 
they pick up less feedback. 

3. Reduce reflections in the room. 
Most usually the latter is done by 

installing sound -absorbing material 
on the walls, floor, or ceiling. You 
learned in an earlier Lesson how 
acoustical material was used to re- 
duce reflection in the room. Although 
we dealt with the matter there from 
the standpoint of the initial installa- 
tion of p.a. systems, the principles 
apply just as well to a system that 
is already in existence. 

Finally, the use of speakers having 
better back baffling and the use of 
modern microphones having controll- 
able pickup patterns may both help 
to reduce the feedback. 

INTERCOM SYSTEMS 

Fidelity, hum, and noise are not 
usually matters of concern in an inter- 
com system as long as speech can be 
understood easily over it. In fact, 
about the only difficulties in an inter- 
com network that require system cor- 
rection rather than servicing are lack 
of volume and inflexibility of arrange- 
ment. 



Both these difficulties occur only in 
systems that have been poorly de- 
signed from the start, or that have 
been modified after the initial in- 
stallation in, the hope of extending 
their usefulness. 

The usual reason for a complaint 
of low volume in an intercom system 
is that 'a remote station having no 
built-in amplifier is placed too far 
from the master. In this case, signals 
from the remote station may be so 
attenuated that they are at or below 
the noise level by the time they reach 
the master, and therefore cannot be 
amplified sufficiently to be intelligible 
above the noise level. Signals from 
the master will still be audible at the 
remote location, however, unless the 
line is extremely long. 

The only cure is to install a master 
or a remote having a built-in ampli- 
fier in place of the original remote 
station. 

In a wireless intercom system, a 
station may no longer receive or 
transmit signals when it is plugged 
into a different power outlet. If this 

happens, you can be reasonably sure 
that the new power output is not con- 
nected to the same branch as the 
other outlets used for the rest of the 
system. It is always possible that 
two outlets in the same room are not 
both on the same power branch, par- 
ticularly in a large office building 
that has several main power lines. 
This complaint can be remedied 
rather simply by plugging the inter- 
com into an outlet that is connected 
to the other outlets used for the 
system. 

A part of a wireless system may 
transmit or receive poorly, or even 
fail to do so altogether, if it gets out 
of alignment. We will discuss the re- 
alignment of wireless intercoms later, 
in the section devoted to servicing. 

If the system no longer provides 
the number of intercom stations that 
are desired, the renovation consists 
of adding the required units and using 
master units having the required 
number of switch positions. 

Now, let's study the preventive 
maintenance procedures. 

Preventive Maintenance 
Preventive maintenance is a pro- 

cedure carried on for the purpose of 
preventing trouble by anticipating it. 
In p.a. work, it consists of regular, 
frequent inspection and testing of the 
equipment and the installation. Such 
work is generally done under a serv- 
ice contract, under the terms of which 
a serviceman agrees for an annual fee 
to make periodic inspections and to 
service whatever defects he finds. This 
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fee may or may not include the cost 
of replacement parts - usually not, 
since the fee would have to be pro- 
hibitively high to take into account 
such possibilities as the failure of a 
large and expensive loudspeaker. 

Preventive maintenance, if it is 
properly carried out, is extremely 
good insurance against breakdowns. 
To carry it out properly, however, 
you will have to develop an ability 
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to notice little defects in performance 
or operation that are advance indica- 
tions of future part failures. Much of 
this ability will come with experience. 
It is easy enough for any one to tell 
whether a resistor is hot, for example, 
but you must have had considerable 
experience in maintenance work be- 
fore you can decide whether it is so 
hot that it will burn out quickly or 
is just operating at a high but safe 
temperature that it can maintain for 
a long time without damage. 

MAINTENANCE PROCEDURE 

The most important step in pre- 
ventive maintenance is to set up a 
good maintenance procedure. The 
procedure will depend to some ex- 
tent in its details upon the specific 
installation, but the main features of 
it should be about the same for all 
installations. We shall, therefore, dis- 
cuss the basic principles you should 
follow in any preventive maintenance 
work. 

There are three things you should 
do on each of your periodic visits to 
an installation you are maintaining: 
You should listen to it, inspect it 
carefully, and make various instru- 
ment tests on it. Let's see what you 
can find out from each of these 
actions. 

Listening Tests. Naturally, the 
first thing you should do when you 
make a service call is to ask the user 
of the equipment if there is any com- 
plaint. If he feels that the system 
has been performing poorly in any 
way, keep his remarks in mind as you 
go through your maintenance proced- 
ure. Whether or not he has any com- 
plaints, you should be on the alert 
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to spot any possible causes of trouble. 
Next, turn on the equipment and 

listen to it carefully. Listen to each 
of the loudspeakers to make sure that 
none of them is excessively noisy and 
that the hum level is not abnormal. 
If you find no such defects, run the 
volume and tone controls quickly up 
and down several times to see if doing 
so causes an excessive amount of 
noise. A noisy control should be re - 

Courtesy RCA 

This loudspeaker -baffle combination is designed 
for installations in which both high power and 
high fidelity are required. The unit has a fre- 
quency range of 50 to 11,000 cycles and is 

capable of handling powers up to 40 watts. As 
you can see, two coaxial loudspeaker units are 
used. These are powered by diaphragm -driven 

units. 

placed, since it will usually get worse 
very soon. 

Having tested the system for back- 
ground noise and hum, your next step 
should be to try it out in operation. 
Have an assistant speak into each 
microphone and operate each record 
player while you listen carefully to 
the output of each loudspeaker. After 
you have had some experience, you 



can detect increases in distortion or 
loss in output that indicate the pos- 
sibility of major defects in the future. 

Inspection. While you are making 
your listening tests, you should also 
inspect the installation carefully. 

Cnurtcsy (Iniye-ratty Loudspeakers, Inc. 

This is the University type MM -1 loudspeaker, 
a splash -proof marine unit that is unusually 
small. It has a continuous operating capacity of 
8 watts. Its sealed construction makes it suitable 

for use in either wet or dusty locations. 

Look over each loudspeaker while you 
are listening to it and make certain 
that it is firmly secured and that the 
cables going to it are in good condi- 
tion. If a plug connection is made to 
the loudspeaker, make sure the plug 
is firmly seated. See that the shields 
in the loudspeaker cables make a good 
connection to ground. 

Inspect the shielding on all other 

cables also. Make sure that the con- 
nections at both ends of each cable 
are firmly made. See that the knobs 
of all controls fit tightly on their 
shafts and that pointer knobs do not 
rub on their dial plates. 

To make the Instrument tests de- 
scribed a little later, you will have to 
open up the amplifier to some extent. 
When you do so, inspect all visible 
parts of it carefully. 

See that the tubes are firmly seated 
in their sockets, that all shields are 
in place, that all soldered connections 
are good, and that all components 
appear to be in good condition. Dust 
out the amplifier case. Make sure all 
grid -cap connections are tight. In 
brief, use your eyes intelligently and 
carefully to spot any possible cause 
of trouble. 

Instrument Tests. The most im- 
portant single test on the system for 
you to make with instruments is a 
check of the tubes. This should be 
done each time the system is inspected. 
You should discard any tube that ap- 
pears to be questionable. Tubes are 
one of the most common causes of 
trouble in an amplifier, so it will pay 
you to make a careful check. 

You should also make certain volt- 
age measurements as a matter of 
routine. On each service call, you 
should measure the output of the 
power supply and compare it with 
the reading secured on the last call. 
If there is a significant difference in 
thereadings, you should discover the 
cause. Every now and then, also, you 
should make readings of the plate 
voltages of all tubes. How frequently 
you should make these voltage read- 
ings depends on the amount of use the 
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p.a. system gets. If it is in fairly con- 
stant use, plate voltage readings 
should be made every three months 
or less; if it is used relatively infre- 
quently, six-month or even one-year 
intervals may be frequent enough. 
Plate voltage readings will be helpful, 
of course, only if you have other read- 
ings with which to compare them. 
Therefore, you should record all such 
readings and compare them with those 
taken previously to see if you can 
observe any marked change that indi- 
cates the possibility of future trouble. 

While you have the amplifier 
opened up, you should, as we said 
earlier, make a visual inspection of 
all parts that you can see. 

SERVICE PROCEDURES 

The discussion we have just given 
of preventive maintenance procedures 
makes no mention of the possibility 
of your finding defects. Naturally, 
when you find a condition that indi- 
cates the possibility of a defect, you 
must check back through the circuit 
or part involved to see what might 
be causing the condition. If you find 
the hum level has increased, for ex- 
ample, the most probable causes are 
that cathode -to -heater leakage has 
developed in a tube or that the filter 
condensers are losing capacity. Cath- 
ode -to -heater leakage should show up 
when you test the tubes, but may not 
if the leakage is slight or your tube 
tester is not well designed for the 
test. You can check the filter con- 
densers by disconnecting them and 

testing them with a condenser tester, 
if you have one, or, if not, by tem- 
porarily connecting a filter condenser 
you know to be good in place of the 
one you suspect. These, of course, are 
servicing techniques, which we shall 

Courtesy RC .I 
This illustrates one way of suspending e micro- 
phone so that it can be raised or lowered easily. 
Suspensions of this sort are frequently used in 
boxing and wrestling areas to hold a microphone 
over the ring. When you inspect an installation 
of this sort, make sure that the microphone is 
supported only by the ropes and not by the 

microphone cable. 

discuss in the next section of this 
Lesson. 

As a matter of fact, preventive 
maintenance becomes servicing as 
soon as you find any indication of an 
actual or possible future defect in the 
system. Now, let's see what tech- 
niques are particularly useful for 
servicing p.a. systems. 
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Servicing P. A . Systems 

A public address amplifier is essen- 
tially the same thing as the audio 
amplifier of a radio, except that it 
usually has much higher power, and 
the servicing techniques used for the 
one are not much different from those 
used for the other. In our discussion 
of p.a. servicing, therefore, we shall 
make use of the knowledge you've 
already gained about the servicing of 
radios. 

The most common defects of p.a. 
systems are oscillation or motorboat- 
ing, hum, noise, low volume, no out- 
put, distortion, and intermittent oper- 
ation. (These are not necessarily 
arranged in this list in order of rela- 
tive frequency of occurrence.) Natu- 
rally, to service a p.a. system exhibit- 
ing any of these defects, you should 
isolate the defective stage, circuit, 
and part with the aid of the servicing 
techniques you have already learned. 
To assist you to do so, we shall now 
discuss each of the defects a p.a. 
system may be expected to exhibit 
and point out the most common 
causes for each. 

Before we go any farther, we want 
to give you a word of caution. Never 
disconnect a loudspeaker from an 
amplifier while it is in operation. If 
there is only one loudspeaker in the 
system, disconnecting it while the 
amplifier is operating may ruin the 
output tubes because the removal of 
the load will cause a very high peak 
voltage to appear across them. If 
several loudspeakers are used, dis- 
connecting one may cause the others 
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to be overloaded and damaged. By 
the same token, you should never turn 
on an amplifier 'without making cer- 
tain that the output stage is properly 
loaded. 

In addition, don't try to operate a 
system with the speaker driver unit 
out of the horn or baffle. The lack of 
proper loading on the cone or dia- 
phragms permits overdriving, which 
results in a ruined cone or diaphragm. 

OSCILLATION AND 
MOTORBOATING 

Oscillation in a p.a. system can be 
caused either by acoustical feedback 
of sound from the loudspeaker to the 
microphone or by a defect within the 
amplifier. We discussed acoustical 
feedback in the first part of this Les- 
son, since it is not really a service 
defect. 

Correcting oscillation caused by a 
defect within the amplifier is done 
with the aid of the same methods 
you'd use to correct a similar defect 
in an ordinary radio. Oscillation in 
an audio amplifier usually takes the 
form of motorboating (oscillation at 
a very low frequency). Its most 
usual cause is a defect in a filter or 
by-pass condenser that causes an in- 
crease in gain or permits greater feed- 
back. A condenser that is open or has 
lost capacity or has an increased 
power factor may cause oscillation. 
Any defect that changes bias, screen, 
or plate voltages so as to increase the 
gain of the stage may also cause 



oscillation, but is not as apt to do so 
as is a condenser defect. 

HUM 

Hum in a p.a. system is most usual- 
ly caused by a defective filter con- 
denser or by cathode -to -heater leak- 
age in a tube. In some amplifiers, hum 
may also become evident if the out- 
put stage becomes unbalanced be- 
cause of differences in the character- 
istics of the tubes. This can happen, 
of course, only in an amplifier in 
which the balanced characteristic of 

int; is a poor, high -resistance con- 
tact between the amplifier and the 
plug at the end of the shielded cable. 

Hum may also be picked up direct- 
ly by a microphone that is near some 
device that hums. Even an electric 
clock has been known to cause enough 
hum to be picked up and amplified 
by a microphone located near it. 

NOISE 

Noise is another condition that may 
be caused by something completely 
separate from the p.a. system. For 

Courtesy The Astatic Corp. 
In a microphone factory, the leads of crystal 
microphones are spliced by spot welding. This 
procedure, which is very quick, does not heat 
up the crystal enough to damage it. It is easy to 
get a crystal hot enough to ruin it, however, if 
you attempt to solder the leads, because the 
soldering iron must be held against the leads for 

an appreciable time. 

the output stage is depended upon to 
remove some hum. 

Hum in the output of a p.a. system 
may also be caused by pickup from 
external sources. Microphone and 
loudspeaker cables are supposed to 
be completely shielded; if a poor con- 
nection develops between the shield 
and the amplifier chassis, however, 
hum may be picked up. Perhaps the 
most common cause of faulty shield - 
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example, a customer may complain 
that there is a great deal of noise in 
the system when one of his favorite 
records is played over it. You can 
almost be sure when you hear a com- 
plaint of this sort that the record has 
simply been played too often and is 
noisy. The system itself, of course, is 

not to blame, unless noise is present 
all the time. 

The customer may also complain that 



the system is noisy when the noise 
is actually picked up by the micro- 
phone. This, too, is a condition that 
cannot be blamed upon the system. 

You yourself would not be likely 
to make a mistake in diagnosis of the 
difficulty in either of these cases. 
Remember, however, that the owners 
and users of p.a. systems are not 
necessarily technical men, and they 
often have a marked tendency to 
blame every difficulty upon the sys- 
tem instead of looking for possible 
outside causes. 

stage or by an open input circuit. 
Noise results from a defect of this 
sort because the grid of the amplifier 
stage is then able to "float"-that is, 
it develops a very high impedance to 
ground. Even very small noise cur- 
rents developed through this imped- 
ance will produce an appreciable grid 
signal. This trouble may be caused 
by a poor connection at a micro- 
phone cable plug such that the cable 
shield does not ground satisfactorily 
to the amplifier chassis. 

Noisy operation is often caused by 

Courtesy 1 he Asiatic Corp. 

At the factory, skilled technicians inspect dam- 
aged microphones minutely, using special equip- 
ment like the microscope shown here. A micro- 
phone is too delicate a piece of equipment to 
be pryed into by someone who does not know 

exactly what he is doing. 

There are many defects that can 
cause noise in a p.a. system. A de- 
fective tube is a frequent offender, 
particularly one that has loose ele- 
ments that may intermittently short- 
circuit if the tube is vibrated. A noise 
resulting from this cause usually con- 
sists of a loud crashing sound that 
occurs only at intervals. 

A more or less steady, roaring 
sound may be caused by an open 
grid circuit in a voltage amplifier 
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defective faders or variable attenu- 
ators. You can determine whether a 

control is defective by adjusting it 
throughout its range at varying rates 
of speed. If you hear a crashing noise 
when you do so, the control is at 
fault. 

If you hear a rattling noise from 
the cone loudspeaker, the chances are 
that the cemented edge of the cone 

has come loose. It is, of course, easy 
to determine whether or not this has 



happened by inspecting the loud- 
speaker. If you are within the range 
of two loudspeakers, however, it is 
often rather difficult to tell from 
which the sound is coming. The easi- 
est way to do so is to reduce the 
volume until you can hear a loud- 
speaker only when you are very close 
to it; unfortunately, doing so may 
mean that the loudspeaker will be 
driven so little that it does not rattle 
appreciably even though it is loose. 
In this case, disconnect one of the 
two loudspeakers from the amplifier. 
(Of course, the amplifier should be 
turned off before you do so.) Oper- 
ate the system then at a fairly high 
volume level to be sure that rattling 
will occur if the cone is loose. Do 
not, however, allow the volume level 
to become so high that the loud- 
speaker will be overloaded; remember 
that there is now more power avail- 
able because the other loudspeaker is 
disconnected. 

With the loudspeaker removed, 
there will be an impedance mismatch 
at the output of the amplifier that 
may cause distortion. Pay no atten- 
tion to the distortion, since it will be 
removed when the proper impedance 
match is made again. 

LOW OUTPUT 

Low output in a p.a. system may 
be caused by any of the defects that 
cause the audio amplifier section of 
a radio to be weak. In addition, there 
are some defects that may be found 
in a p.a. system that you would not 
ordinarily find in a radio. For ex- 
ample, many of the more complicated 
p.a. systems have terminal boards to 
which the leads from the loudspeakers 
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are brought. It is always possible 
that one of the connections in this 
terminal board has become poor, 
either through corrosion or through 
someone's accidentally having loos- 
ened it. There may also have been 
some mechanical injury to one of the 
loudspeaker cables that broke some of 
the strands of wire in .the cable and 
so increased its resistance consider- 
ably. The loudspeaker itself or the 
input device may also be to blame. 
Later on, in a section on microphones, 
we shall discuss some of the defects 
that may cause the microphone out- 
put to be reduced. 

Remember, also, to look for some 
very obvious cause of reduced vol- 
ume, such as a failure by the user to 
adjust the volume control correctly. 

In an installation in which multiple 
speakers are used, a defect that causes 
a short circuit or partial short circuit 
across the line to one loudspeaker 
reduces the overall volume output of 
the system for two reasons: first, be- 
cause the output from the shorted 
loudspeaker is lost, and second, be- 
cause the impedance of the speaker 
combination is changed, causing a 
mismatch that wastes power. You can 
locate a defect of this kind by listen- 
ing carefully to each loudspeaker to 
determine which has the lower output. 

If a great many loudspeakers are 
used, it is sometimes helpful to dis- 
connect them all from the amplifier 
and feed a signal from some other 
source, such as a signal generator, 
into each line individually to deter- 
mine which one is at fault. 

DEAD SYSTEM 

When you receive a complaint that 



a p.a. system is dead, your first step 
should be to make sure that the am- 
plifier is plugged in and that the 
power is turned on. It is surprising 
how often such a simple and obvious 
cause for a dead system is over- 
looked by the owner. 

Next, if the system has multiple 
inputs, check each of them. Some - 

Courtesy The ,4statit Corp. 
Precision and care are required to reassemble a 

microphone after it has been repaired. The man 
who does so must be experienced if he is to do 

a good job. 

times the user of a p.a. system will 
assume that the whole system is dead 
when he gets no response from one in- 
put. If all inputs are dead, the trouble 
is in the amplifier or in some common 
connection to the loudspeaker system. 
If only one input circuit is dead, the 
defect must be in the preamplifier 
channel employed for this input de- 
vice, in the input device itself, or in 
the cables connecting it to the ampli- 
fier. The easiest way to tell which is 
to blame is to try another input device 
(microphone or phono pickup) on 
the input terminals of the defective 
channel. If the test device works, 
then the original device or its cables 

is to blame. In this case, apply a test 
signal to the cable with the input 
device removed; if the system then 
operates properly, the original input 
device must be defective. Incidental- 
ly, it would be a good idea for you 
to include with your servicing equip- 
ment a test microphone that you 
know is in good condition, a record 
player, and perhaps an audio oscilla- 
tor, for use when you want a test 
signal source. 

If all the input circuits are dead, 
check the connections between the 
amplifier and the loudspeaker. If the 
loudspeakers appear to be connected 
properly to the amplifier, very likely 
the amplifier itself is defective. You 
can then follow the usual service pro- 
cedure to locate the defective part. 
If the amplifier has a fuse, check it 
first before looking for other compo- 
nents that may be defective. If you 
do find that a fuse is blown, install 
another and then operate the ampli- 
fier for a reasonable length of time 
to make sure the fuse does not blow 
again. If it does, there is some other 
defect in the amplifier that you must 
locate. If, however, a replacement 
fuse does not blow within about five 
minutes, check the leakage of the 
filter condensers and the plate volt- 
ages of all tubes. If the filter con- 
densers are not excessively leaky, and 
the plate voltages are not above nor- 
mal, it is unlikely that there has been 
any long-time overload that has 
caused the fuse to blow. In this case, 
you can assume that some defect of 
a temporary nature, such as a power 
surge on the line, caused the original 
trouble. 

If the fuses in a given place 
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FIG. 3. Typical output stage of a p.a. amplifier. 

blow rather frequently, you should 
check the line voltage to make sure 
that it is not excessively high. If the 
line voltage is above 130 volts, report 
the fact at once to the power com- 
pany, because there is very possibly 
some defect in the power line itself. 
If the line voltage is slightly under 
130 volts, the chances are that the 
amplifier is a little too sensitive to 
supply voltage variations, although it 
would work perfectly well in the usual 
supply voltage range of 110 to 115 

volts. In such a case, you should con- 
sider installing a voltage -dropping 
resistor in the supply line to the am- 
plifier if it appears that the high line 
voltage is to be present constantly. 
If you do use such a voltage -drop- 
ping resistor, be sure that its dissipat- 
ing ability is sufficient for the power 
it must handle. 

DISTORTION 

We mentioned distortion earlier in 
the section on system renovation. 
Since we described there the defects 
outside the amplifier that might cause 
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distortion, we shall deal here only 
with the internal defects that may 
cause a system to distort. 

Distortion may be caused in a p.a. 
amplifier by any of the defects that 
will cause distortion in the audio am- 
plifier of a radio. In addition, an 
unbalanced output stage, which would 
usually cause relatively little distor- 
tion in a radio, will produce very 
appreciable distortion in a p.a. ampli- 
fier because of the high power levels 
in such equipment. 

Fig. 3 shows a typical output stage 
in a p.a. system. Any defect that 
could cause an unbalance in this stage 
could cause distortion. If condenser 
C3 were to open, thus reducing the 
signal fed to one of the output tubes, 
the output of the amplifier would be 
very much distorted because of the 
loss of push-pull action. There would 
also be a loss in volume, although this 
would not be noticeable until the vol- 
ume control was turned well up; at 
low volume levels, either output tube 
could supply sufficient signal. 

A vacuum tube voltmeter can be 
used to determine how well the out - 



put stage is balanced. While a test 
signal is applied to the input of the 
amplifier from a sine -wave audio 
generator, measure the voltages be- 
tween the circuit components and 
ground at the points marked E2, E3, 
E4, and E5 on the diagram. If the 
stage is well balanced, E2 should 
equal E37 and E4 should equal E5. 

An oscilloscope is also a useful in- 
strument when you are trying to lo- 
cate the source of distortion. The 
method of using the oscilloscope for 
this purpose was described earlier in 
your Course. 

Again, the use of multiple pickups 
and loudspeakers gives a p.a. system 
possible sources of distortion that do 
not exist in a radio. 

If a p.a. system uses two or more 
pickup devices and two or more loud- 
speakers, you will be able to localize 
the source of the distortion rather 
easily. If the distortion is heard when 
one microphone or record player is 
used but not when the other is used, 
then almost certainly the source of 
the distortion is in the first device. 
Similarly, if the distortion is heard 
on one loudspeaker and not on others, 
then the one on which it is heard 
must be defective. If the distortion is 
the same regardless of which pickup 
device or which loudspeaker is used, 
the amplifier is probably to blame. 

INTERMITTENT DEFECTS 

A p.a. system is subject to all the 
intermittent defects that the audio 
system of a radio has. Going dead 
intermittently is probably the most 
common defect, but any of the others 
we have described can also occur 
intermittently. 
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Loose connections, frequently the 
cause of intermittent defects, are more 
common in p.a. systems than in radio 
receivers. One reason is that there 
are usually many more connections 
of the sort that are frequently made 
and broken in a p.a. system-connec- 
tions to loudspeakers or microphones, 
for example. Such connections are 
naturally much more likely to become 
defective. 

Most intermittent defects have only 
one symptom: That is, a system hums 
intermittently, or goes dead intermit- 
tently, but does not do both. Occa- 
sionally, however, a system will have 
dual defects-for example, an inter- 
mittent loss of output accompanied 
by distortion. This is usually caused 
by a voice coil circuit that opens 
intermittently. If the voice coil is 
slightly off -center, it may rub against 
the pole piece enough to wear off the 
enamel insulation from the coil wire; 
the coil may then short circuit inter- 
mittently to the pole piece and, 
through it, to the voice coil terminal 
that is grounded to the frame of the 
loudspeaker. This is much the same 
thing as putting a short across the 
secondary of the coupling trans- 
former feeding the voice coil. As a 
result, the output from the defective 
loudspeaker is reduced or killed com- 
pletely. The changed impedance of 
this loudspeaker will also destroy the 
impedance match between the ampli- 
fier and the loudspeaker system, and 
will therefore probably reduce the 
output of all the loudspeakers to some 
extent. 

Even though the output of each 
loudspeaker will be reduced by such 



an occurrence, the output of the de- 
fective loudspeaker will be affected 
by far the most. Therefore, you can 
locate the defective loudspeaker by 
listening to each of them and deter- 
mining which is the worst: This may, 
of course, be difficult if the inter- 
mittent operation occurs for only a 

short period of time. 
If you have a sensitive ohmmeter, 

you can check the suspected loud- 
speaker rather easily. All you need 

matching transformer is removed 
from the circuit. 

Alternatively, you can open the 
voice -coil circuit and place the ohm- 
meter in series with the voice -coil 
transformer and the voice -coil. In this 
case, the resistance you measure will 
be slightly higher than that of the 
voice -coil. Whatever method you 
choose, the indication of voice -coil 
trouble is a change in resistance as 
the voice -coil is moved. 

Courtesy The Astatic Corp. 
Highly specialized equipment is needed to cali- 
brate a microphone after it has been repaired. 
This picture shows a calibration run being made 
on a microphone at the Astatic factory. Don't 
attempt microphone repairs yourself-send the 

microphone back to the manufacturer. 

do is measure the resistance of the 
voice coil circuit and see whether it 
changes when the voice coil is moved 
in and out. You will need a good 
ohmmeter to do this, since the resist- 
ances involved may be of the order 
of 1 ohm. If the ohmmeter is not 
quite this sensitive, you can discon- 
nect the voice coil from the output 
transformer and measure the voice 
coil resistance alone. Doing so lets 
you measure a somewhat higher re- 
sistance, since then the very low re- 
sistance of the secondary of the line - 
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ALIGNING A WIRELESS 
INTERCOM 

As you recall, a wireless intercom 
uses the power line as a means of 
propagating a modulated carrier sig- 
nal. The carrier frequency on most 
is around 100 kc. This frequency can 
be changed up or down by a factor 
of 25% so that as many as three sys- 
tems can be used near one another 
without interfering with each other. 
For example, the units in one system 
may be tuned to 120 kc., the units 
in the second system to 100 kc., and 



those in the third to 80 kc. Since all 
three carrier signals will be present in 
one power line, it is necessary for 
each unit to accept a bandwidth con- 
siderably less than 20 kc. to make 
sure it will not pick up a carrier that 
is not intended for it. 

It is easy enough to align a wire- 
less intercom to a specified frequency 
if you have a signal generator. Simply 
connect the signal generator to the 
input of the intercom, set the genera- 
tor to the desired frequency, and turn 
the tuning trimmer condenser until 
you get a maximum response. (Most 
wireless intercoms use trimmer con- 
densers to tune their input circuits.) 
Tune the other unit of the pair in 
exactly the same manner. Then, 
check your work by transmitting from 
one unit to the other and back from 
the second unit to the first. While one 
unit is operating, make small adjust- 
ments of the trimmer on the other to 
make sure that you have the point of 
maximum response. Do not adjust 
both units, however, since doing so 
may get you too far away from the 
frequency you>want. 

If you do not have a signal genera- 
tor when you are attempting to align 
a wireless intercom, you can probably 
do a satisfactory job by turning the 
trimmers on both units all the way in, 
backing both off a quarter of a turn, 
and then adjusting one unit for maxi- 
mum response while someone talks 
steadily into the other unit. When 
you have peaked one unit in this 
manner, reverse the procedure and 
peak the other while someone is talk- 
ing into the one you have already 
adjusted. If you wish to add another 
system, turn the trimmers on both 
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units on that system until they are a 
quarter of a turn from being all the 
way out and repeat the tuning pro- 
cedure. Finally, if you wish to add 
a third system, set the trimmers of 
the two units half -way between the 
full -in and full -out position and again 
repeat the tuning procedure. In each 
case, be sure that you make only 
small adjustments during the align- 
ment procedure so that you will stay 
fairly close to the point at which you 
initially set the condensers. 

MICROPHONES 

Microphones are extremely delicate 
devices and must be handled with 
great care. In fact, it is almost im- 
possible for you to service one suc- 
cessfully unless you have had some 
special training in this delicate work. 
It is not even possible to test them 
successfully without special equip- 
ment. Therefore, never open a micro- 
phone on the assumption that you can 
poke around in it, find out how it 
works, and fix it. If the microphone 
is dead, return it to the manufacturer 
for repairs. 

As a matter of fact, it is impossible 
to make a direct test of a microphone 
without special equipment normally 
used only in factories. About the only 
practical test that a serviceman can 
make is to install a microphone he 
knows to be good in place of one that 
he suspects of being defective. If the 
response of the system improves when 
the good microphone is installed, then 
either the original microphone is de- 
fective or its matching transformer 
and connecting cable are defective. 
Of course, the test microphone you 
install should be of the same type as 



This is the service shop of an NRI graduate who does p.a. work as a sideline. Notice the trumpets 
and microphone at the right of the picture. 

the one of which you are suspicious. 
It is possible to test the microphone 

cable for continuity, but the micro- 
phone should be disconnected from 
the cable before you make such a test. 
An ohmmeter must never be con- 
nected to a microphone, because even 
the relatively small d.c. voltage of an 
ohmmeter can damage certain types 
of microphones severely or even ruin 
them. 

Substitution of a good microphone 
is the only way you can tell whether 
or not a suspected microphone is de- 
ficient in its frequency response or in 
its output. These qualities of a micro- 
phone are tested by the manufacturer, 
but the method used is not practical 
for a serviceman. At the factory, the 
microphone under test and a stand- 
ard test microphone are placed in a 
room that has had special acoustic 
treatment. Pre -determined amounts 
of so' and power at various frequencies 
are then fed into both microphones, 
and the outputs of the two are corn - 
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pared as to amplitude and frequency 
response. No method that is less elab- 
orate has been discovered for check- 
ing microphones accurately. 

As you can see, a microphone that 
is bad is not something you can serv- 
ice. There are, however, certain prac- 
tices that you can follow that will 
extend the useful life of microphones. 
We shall tell you what they are, and 
you can pass along the information 
to the owner of a p.a. system so that 
he can make his microphones last 
longer. 

Microphone Precautions. Every 
velocity or dynamic microphone has 
a powerful magnet built into it. For 
this reason, none of these microphones 
should be placed on a workbench or 
any other place where it might pick 
up iron filings. The housing contains 
a metal screen around the diaphragm 
of such a microphone to prevent bits 
of metal from entering it, but iron 
dust or very small filings can work 
their way in if given a chance. 



Care should be taken to keep any 
velocity or dynamic microphone away 
from alternating current fields, be- 
cause such fields can partially de- 
magnetize the magnet, thereby caus- 
ing reduction in output and narrowing 
of the frequency range. For this rea- 
son, keep such microphones well away 
from power transformers and power 
lines, particularly lines carrying heavy 
current. 

Velocity microphones of the ribbon 
type, which are normally used only 
when extremely high fidelity of pick- 
up is required, are very delicate. They 
must be handled with great care. For 
example, they should always be car- 
ried or moved in a normal operating 
position-that is, held upright so that 
the ribbon is in a vertical plane. 
Carrying such a microphone horizon- 
tally lets the ribbon sag and stretch. 
Any jarring or rough handling may 
cause the ribbon to move so far that 
it will be stretched out of shape or 
stick to one of the magnets between 
which it is suspended. 

The magnets of a velocity micro- 
phone may themselves shift in posi- 
tion if the microphone is jarred or 
roughly handled. The location of 
these magnets with respect to the rib- 

bon is very important to the proper 
operation of the microphone, so even 
a very slight shift in position of one 
or more of the magnets may destroy 
the fidelity of the microphone or even 
prevent it from operating altogether. 

A strong blast of air on a ribbon 
microphone is certain to damage the 
ribbon and perhaps ruin it. Such a 
microphone must, therefore, be well 
protected from the wind if it is used 
outdoors. No one should be allowed 
to speak into it from very close range. 
In particular, you should never whis- 
tle directly into a ribbon microphone 
to test its operation. 

The crystal unit in a crystal micro- 
phone can be damaged by heat, ex- 
cessive humidity, or mechanical jar- 
ring. Therefore, such microphones 
should be kept away from extreme 
heat and dampness and should be 
kept out of direct sunlight as much 
as possible. They should be protected, 
also, from excessive shock and vibra- 
tion. 

Let us repeat one important warn- 
ing. Do not try to repair a micro- 
phone; return it to the manufacturer 
for repairs. It is almost invariably 
less expensive to have a microphone 
repaired than to buy a new one. 
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Many years ago, Carlyle wrote this tribute to thought- 
to men who think-to institutions which help men think: 

"How noiseless is thought! No rolling of drums, no 
tramp of squadrons or immeasurable tumult of baggage - 

sequestered places may the head be meditating, which is 

one day to be crowned with more than imperial author- 
ity. It will rule not over, but in, all heads, and with its 

combinations of ideas, as with magic formulas, bend the 
world to its will! The time may come when the victory 
of Waterloo prove less momentous than the opening of 
the first Mechanics' Institute." 

How true Carlyle's observations have proved to be! 
Waterloo is still famous in history-but of much less 

importance to the world's progress, than are hundreds 
of modern developments made possible by men trained 
to think! 
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STUDY SCHEDULE NO. 62RH-2 

For each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mind. Study each other step in this same way. 

1. Introduction Pages 1-6 

In this first section, you learn additional facts about eliminating ghosts and 
about the use of boosters. 

2. Interference Traps Pages 6-12 
The use and construction of stubs and traps to reduce interference are de- 
scribed in this section. 

3. Eliminating R.F. Interference Pages 12-25 

Here you learn what the various sources of r.f. interference are and how 
they can be eliminated. 

4. Special TV Installations Pages 26-36 

The solutions to the problems met in four special kinds of TV installations 
are described in this section. 

5. Answer Lesson Questions. 

6. Start Studying the Next Lesson. 
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TV INTERFERENCE AND 

SPECIAL INSTALLATIONS 

CONVENTIONAL TV receiver in- 
stallations have been discussed in 

previous Lessons. The instructions 
given in those Lessons cover most of 
the problems you will meet. How- 
ever, you may run into some special 
problems-heavy and constant inter- 
ference, for example-that make an 
installation particularly difficult. This 
Lesson will show you what to do when 
you meet these unusual conditions. 

First, let's take up the problem of 
eliminating ghosts. 

GHOSTS 

You have already learned that 
ghosts may be caused when a signal 
reaches the antenna over two or more 
paths or when the receiver and the 
transmission line are not matched in 
impedance. Ghosts of the first sort 
can often be eliminated by orienting 
the antenna so that it does not pick 
up the reflected signals; and those of 
the second kind can be gotten rid of 
by matching the line impedance to 
that of the receiver. 

There are, however, some conditions 
under which orienting the antenna 
will not eliminate the ghosts com- 
pletely. One of these occurs when the 
object that reflects signals to the an- 
tenna is close behind the antenna. In 
this case, it may well be that the 
reflected signal is so strong that even 
a very directive array cannot ignore 
it completely. You have probably 
noticed that the antenna radiation 
patterns shown in earlier Lessons al- 
ways have at least a small back lobe. 
The presence of this lobe indicates 
that the antenna picks up from its rear 
to some extent. If the signal coming 
from the backward direction is very 
strong, therefore, it will be picked up 
by the antenna sufficiently well to 
cause a ghost. 

The remedy for this condition is 
to use a large reflector to shield the 
antenna from the undesired signal. A 
large screen of chicken wire will often 
serve the purpose. Of course, you 
should not go to the trouble of erect- 
ing such a screen unless it is absolutely 
necessary to do so. 
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A ghost that is very difficult if not 
impossible to eliminate is caused when 
the reflected signal comes from almost 
the same direction as the direct signal. 
An example of the conditions that can 
cause such a ghost is shown in Fig. 1. 

Here there may be as many as six 
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FIG. 1. A set in the location shown may 
receive as many as 6 reflected signals in 
addition to the direct signal, making it 

possible for there to be 6 ghosts. 

ghosts caused by reflections from six 
different structures. 

If we use a directive antenna and 
point it for maximum pickup from the 
TV station, the chances are that the 
signals bouncing off the buildings 
marked 3 and 4 will be eliminated. 
We may even be able to eliminate the 
signals reflected from the buildings 
marked 2 and 6. However, we will 
not be able to eliminate the reflection 
from the buildings marked 1 and 5, 
because the reflected signals come from 
practically the same direction as the 
transmitted signal. 

The only hope of getting ghost -free 
reception in a location of this sort lies 
in using a highly directive antenna 
array and aiming it so that it will pick 
up one of the reflected signals and 
nothing else. In the situation shown in 

Fig. 1, it might be possible to prevent 
ghosts by aiming the array at build- 
ing 3. If the array were highly direc- 
tive, you could probably eliminate 
pick-up of all other signals-including 
the direct one-by doing so. 

A ghost may be either a "positive" 
or a "negative" ghost. A negative 
ghost is reversed with respect to the 
original image. In other words, the 
black portions are white, and the white 
portions are black. Whether a ghost 
is positive or negative depends upon 
the phase relationship of the direct 
and reflected signals, which, in turn, 
depends upon the relative lengths of 
the direct and reflected paths. Chang- 
ing these path lengths by moving the 
antenna will make the ghost change 
from positive to negative or vice versa. 
The usual type of ghost is called a 
"trailing" ghost because it appears on 

Courtesy Belmont Radio Corp. 

FIG. 2. An example of a single trailing 
ghost. 

the right-hand side of the picture (see 
Fig. 2). The ghost appears on the 
right side because the reflected signal 
travels a longer path than the direct 
signal and therefore arrives at the set 
later than the direct signal. Under 
certain conditions, however, one or 
more of the images may appear on the 
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left-hand side of the main picture, 
producing what is called a "leading" 
ghost. 

This type of ghost may appear in 
locations where conditions like those 
shown in Fig. 3 exist. The location 
is comparatively close to the trans - 

FIG. 3. Under the conditions shown here, 
a leading ghost may be produced. 

mitter; as a result, it is possible to 
pick up a fairly strong signal in the 
r.f. or first detector circuit of the 
receiver even with the antenna discon- 
nected. This direct pickup in the 
front end of the set may produce a 
ghost to the left of the main picture 
because the path from the TV station 
directly to the front end of the receiver 
is shorter than the path from the TV 
station to the antenna and down the 
transmission line. If the transmission 
line is less than 100 feet long, the direct 
signal may not produce a separate 
image but may instead blend with the 
antenna signal to create a picture of 
poor quality. 

The remedy for such a condition is: 
(a) to reduce the direct signal pickup 
in the receiver by shielding the r.f. 
and detector circuits or by shielding 
the entire chassis; or (b) to increase 
the signal from the antenna. Of the 

two, reducing the direct signal pickup 
in the receiver is the more effective, 
because usually in a location close to 
the transmitter the signal picked up 
by the antenna is already extremely 
high. 

In many cases where direct signal 
pickup by a receiver causes a leading 
ghost, the picture will vary in quality 
when people move around the room 
near the receiver. Movement close to 
an unshielded transmission line may 
also alter the picture quality, particu- 
larly if the input impedance of the 
receiver does not match the impedance 
of the transmission line. 

Another situation that can produce 
a leading ghost is shown in Fig. 4. 

In this case, the strength of the direct 
signal from the transmitter is greatly 
reduced by the intervening object. 
For this reason, the reflected signal 
reaching the receiver is stronger than 
the direct signal and therefore pro - 

REFLECTOR 

FIG. 4. Here, a leading ghost is produced 
because the reflected signal is much 
stronger than the direct signal, although 

the latter reaches the set first. 

duces the main picture. However, 
since the direct signal route is the 
shorter of the two, the direct signal 
will arrive before the reflected signal 
and produce a leading ghost. 

To eliminate this undesirable effect, 
the direct signal pickup must be elimi- 
nated. This can be done by using a 
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directive antenna and orienting it 
properly. 

In one actual case where leading 
ghosts were encountered, more than 10 
distinct images were seen on the pic- 
ture tube with the antenna connected 
to the receiver and the controls ad- 
justed properly. Disconnecting the 
antenna without changing the setting 
of the contrast control reduced the 
number of images. This indicated 
that the antenna was contributing 
little and that the pickup was mostly 
in the r.f. and detector circuits-the 
numerous images probably being due 
to signals reflected from buildings or 
other objects in the vicinity. 

In this particular case, shielding the 
r.f. and detector circuits did not help. 
Further experimentation indicated 
that there was a defect in the r.f. stage 
of the receiver that had reduced its 
gain very considerably; as a result, the 
signal picked up by the antenna was 
not being amplified very much, so the 
antenna was contributing very little 
to the picture. When the defect in the 
r.f. stage was corrected, it was found 
that the signal picked up by the 
antenna was so much stronger than 
the reflected signals that the ghosts 
were no longer noticeable. 

Thus, it is not always wise to blame 
a ghost on the location or on the 
orientation of the antenna. Unusually 
heavy ghosting may be caused by a 
receiver defect. 

If you find "tunable" ghosts-ghosts 
that vary in number and in intensity 
as the tuning control of the set is 
adjusted-you can be sure that the 
receiver itself is to blame. These 
ghosts may be caused by incorrect 
alignment of the i.f. amplifier or by 
regeneration. 

UourCeöy JerfULU. Liutiuiiics t,ui p. 

The Jerrold booster, shown in schematic 
form in Fig. 5. 

BOOSTERS 

In this and earlier discussions of 
the various methods of eliminating 
ghosts, we have pointed out that fre- 
quently ghosts can be eliminated only 
by using a highly directive antenna 
and pointing the antenna to pick up 
one of the reflected signals rather than 
a direct signal. Almost always such 
a reflected signal will be weak. If so, 
the signal can generally be brought 
up to usable strength by using a 
booster. The schematic diagram of a 
typical booster is shown in Fig. 5. 

A booster is nothing more than a 
broad -band r.f. amplifier, much like 
the r.f. amplifier used in the front end 
of the television receiver. In fact, 
it is used as an extra r.f. stage ahead 
of the one in the receiver: the trans- 
mission line is connected to its input 
terminals and the receiver to its out- 
put terminals. It may give more than 
one extra stage of r.f. amplification: 
although many booster amplifiers, like 
the one illustrated in Fig. 5, use only 
one tube, others use two or more. 

Some boosters have a continuous 
fine-tuning control that permits the 
device to be tuned over an entire TV 
band, with a switch being provided to 
change from one band to the other. 
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The tuning control usually consists of 
a variable condenser that is shunted 
across the coil for the particular band. 

Other types of boosters, like the one 
shown in Fig. 5, are switched from 
one channel to another in the range 
from 2 through 7 and from one group 
of channels to another group above 
channel 7. Each channel (or group 
of channels) is individually tuned, the 
tuning arrangement being quite simi- 
lar to those used for tuning the front 
end of a TV set. 

There is enough variation between 
different brands of boosters to make it 
worth your while to be careful in 
selecting one. Some of the first 
booster amplifiers manufactured and 
some of those on the market at the 

o 
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present time do not give a gain in sig- 
nal strength on all of the channels. 
On some channels an actual loss of 
signal strength might occur. 

Of course, the fact that a certain 
booster does not give a gain on all 
channels may not be any disadvan- 
tage. If it gives a gain on all the 
channels that can be picked up where 
the installation is made, the fact that 
it may cause a loss on some other chan- 
nel is unimportant (unless, of course, 
that channel is slated to go on the air 
in your location in the future) . 

To make sure that a booster will be 
suitable for a particular installation, 
get specific data from the manufac- 
turer or the distributor of the ampli- 
fier concerning its gain on each chan - 

GANGED 
7 

/ 

/ 

i 

GREEN 

YELLOW 

10011. w 
65MA 
SELENIUM 

YELLOW 

/ 

1 

/7 

3.4 MMFO 

SOO" 

"3 x4 
OUTPUT 

Courtesy Jerrold Electronics Corp. 

FIG. 5. The schematic diagram of a typical all -channel booster. It is essentially a 
broad -band, single -stage r.f. amplifier. 
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nel. Be sure that the booster will 
actually give a gain on all the avail- 
able channels. 

A booster is most commonly used in 
fringe -area installations where the 
signal strength is comparatively low. 
In these installations, two boosters 
are often used. When this is done, 
the transmission line from the antenna 
is connected to one booster, the output 
of that booster is connected to the 
input of the second booster, and the 
output of the second booster is con- 
nected to the receiver. If a gain 
of . 5 or 6 can be realized from each 
booster, the total gain of the two 
boosters in cascade will be between 
25 and 30. Such a gain, of course, will 
often produce a very great improve- 
ment in the picture quality. 

There are many other uses for a 
booster. Sometimes one is used with 
an indoor antenna. In fact, indoor 
antennas combined with booster am- 
plifiers are commercially available. 
In some locations, the use of an indoor 

antenna and a booster amplifier will 
make an outdoor antenna unnecessary. 

A booster amplifier is sometimes 
used,not to increase the signal strength, 
but to prevent feedback from the TV 
receiver to the antenna. A signal from 
the local oscillator in the TV receiver 
may be feeding back to the antenna, 
radiating, and causing interference 
with other sets. Under such condi- 
tions, a booster amplifier may be in- 
stalled in series between the antenna 
and TV set to isolate the local oscilla- 
tor of the TV receiver from the an- 
tenna and thus to eliminate this radia- 
tion and reduce interference with other 
people's sets. One may also be used 
to increase the selectivity of the TV 
receiver when it is necessary to eli- 
minate interference from services op- 
erating on frequencies near the TV 
channels. Image interference may also 
be eliminated or greatly reduced by 
the use of a booster. These uses of 
the booster will be discussed in more 
detail later. 

Interference Traps 
To use "effect -to -cause" reasoning 

when you are working on a TV set, you 
must be familiar with how the picture 
is formed and be able to recognize what 
will cause certain distinctive changes 
or patterns in the picture. When in- 
terference is the problem, a careful 
examination of the picture-partic- 
ularly a test pattern-will often fur- 
nish excellent clues to the cause of 
the interference. 

With the TV set operating normally 
and with no station being received, a 

raster should appear on the screen 
when the brightness control is ad- 
vanced. This raster consists of many 
very fine horizontal lines and several 
vertical retrace lines. The latter slope 
diagonally upward from left to right. 

As you will remember, a scanned 
field consists of 262.5 lines. The en- 
tire group of lines is repeated at a fre- 
quency of 60 cycles per second. Thus, 
the frequency of the sweep producing 
the horizontal deflection is 60x262.5 
or 15,750 cycles per second, and the 
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frequency of the sweep producing the 
vertical deflection is 60 cycles per sec- 
ond. 

If an a.c. signal is introduced in 
the grid circuit of the picture tube, 
the brightness of parts of the raster 
will be varied in accordance with the 
signal. As the grid is made more posi- 
tive with respect to the cathode, parts 
of the raster will become brighter; as 
it is made less positive, other parts 
of the raster will become darker. If 
the a.c. signal is of a fixed frequency, 
the pattern produced will depend, to 
a large extent, upon the signal fre- 
quency and amplitude. If the ampli- 
tude is sufficient to drive the grid of 
the picture tube very far negative, 
part of the raster will be darkened. 

If the frequency of the a.c. signal 
applied to the grid circuit of the pic- 
ture tube is less than the frequency 
of the sweep producing the horizontal 
lines, several adjacent lines may be 
blacked out at one time; as a result, 
horizontal bars will be produced across 
the face of the picture tube, as shown 
in Fig. 6. 

Therefore, any defect or interference 
that causes horizontal bars on the 
screen is occurring at a frequency of 
less than 15,750 cycles per second. 
A rough indication of the frequency 
of the interfering signal can be ob- 
tained from the number of bars seen. 
If only one large bar is seen, for ex- 
ample, the frequency must be the same 
as that for a field-in other words, 
60 cycles per second. If two complete 
bars are produced, the frequency pro- 
ducing them is 120 cycles per second. 

Thus, if you find an interference 
pattern similar to the one shown in 
Fig. 6, you can be sure that the inter- 
fering signal applied to the grid of 

the picture tube has a frequency fall- 
ing within the audio range. However, 
this does not mean that the interfer- 
ing signal is an audio signal: it may 
be produced by the beating together 
of two r.f. signals. 

If, on the other hand, the frequency 
of the signal applied to the grid circuit 
of the picture tube is greater than the 
horizontal frequency, parts of each 
horizontal line will be made alter- 
nately dark and bright; as a result, 

FIG. 6. Horizontal bars of this sort are 
produced by interference having a fre- 
quency when it is applied to the picture 
tube that is less than that of the hori- 
zontal sweep. Roughly, the frequency 
of the interference in cycles is equal to 

60 times the number of bars. 

vertical bars more or less like those 
shown in Fig. 7 will be formed. Here 
again, it may be possible to determine 
from the number of bars the approxi- 
mate frequency of the interfering sig- 
nal. 

An interfering signal with a fre- 
quency higher than the horizontal 
sweep may cause lines that are per- 
fectly vertical, as shown in Fig. 7, or 
that slope to either the left or the 
right. Whether the lines are vertical 
or sloping will depend upon the fre- 
quency and phase relationships of the 



interfering signal to the horizontal 
sweep signal. 

If the frequency of the interfering 
signal is constantly changing, a series 

FIG. 7. Vertical bars of this sort are pro- 
duced when the frequency of the inter- 
ference applied to the picture tube is 
higher than the horizontal sweep fre- 
quency. The frequency of the interference 
is roughly equal to the horizontal sweep 

frequency times the number of bars. 

of wavy lines, somewhat like those 
shown in Fig. 8, rather than stationary 
vertical lines or bars, will be set up. 
An f.m. signal, for example, will cause 
such a pattern. 

Whatever the frequency of an inter- 
fering signal that is being picked up 
by the antenna or transmission line, 
it can usually be kept out of the set 
with the aid of a tuned circuit. Let's 
see what such interference eliminators 
are like. 

STUBS AND TRAPS 

You already know that the resist- 
ance of a series resonant circuit is 
low at resonance. We can, therefore, 
use a series resonant circuit to elimi- 
nate an undesired signal by connect- 
ing it across the antenna terminals of 
a television receiver and tuning it to 

the frequency of the interfering signal. 
The resonant circuit will then act as 
practically a short across the set ter- 
minals as far as the interfering signal 
is concerned, and the interference will 
either be eliminated completely or 
greatly reduced. 

A parallel resonant circuit presents 
a high impedance across its terminals 
at the frequency to which the circuit 
is resonant. Another way of remov- 
ing interference, therefore, is to con- 
nect a parallel resonant circuit tuned 
to the interfering signal in series with 
one of the leads to the receiver. Most 
of the interfering signal will then be 
dropped across the parallel resonant 
circuit and very little will be applied 
to the input of the TV receiver. 

A piece of transmission line cut to 
the correct length will act as a series 
resonant circuit. Such a piece of line 
(which, since it is rather short, is 
called a "stub") can therefore be con- 
nected across the antenna terminals 

FIG. 8. Wavy lines show that the fre- 
quency of the interference is changing. 

of a set to eliminate interference. 
The connection of such a stub is illus- 
trated in Fig. 9A. 

Two types of stubs may be used: 
the "open" and the "shorted" stub. 
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The shorted stub is about a half wave 
length long at the frequency of the 
station to be eliminated. The open 
stub, on the other hand, is approxi- 
mately one quarter of a wave length 
long. 

To make a shorted stub, the ends 
of the transmission line are stripped 
clean of insulation, twisted together, 
and soldered to form a short circuit 

CHANNEL 
CAUSING 

INTERFERENCE 

STARTING LENGTH OF STUB 

OPEN 
300'` LINE TO SET 

SHORTED 
300-MLINE TO SET 

2,3 45" 90" 
4 40" 80" 

5,6 35" 70" 
F M 30" 60" 

7-13 /6" 32" 

FIG. 9. Part A shows how a stub should 
be connected to a transmission line; part 
B shows the starting lengths of open and 
shorted stubs made of 300 -ohm line for 

use with different channels. 

at the end of the line. An open stub 
is made simply by cutting off the cor- 
rect length of transmission line, leav- 
ing the ends open. Obviously an open 
stub is much easier to make. Further, 
it is easier to work with, because a 
stub must be adjusted in length to 
make it perform properly after it has 
been connected to the set; and it is 
much simpler just to snip a bit off the 

end of an open stub than it is to con- 
nect the ends of a shorted stub again 
after cutting a piece off of it. 

When you use a stub, start with one 
that is somewhat longer than is 
needed. The starting lengths for 
stubs made of 300 -ohm twin -lead line 
are given in Fig. 9B for various chan- 
nels. Connect the stub to the antenna 
terminals of the set, then cut off half - 
inch sections from its end until there 
is some noticeable effect upon the in- 
terference. As soon as you begin to 
notice an effect, reduce the length of 
the sections you cut off to a quarter 
inch or less. If you reach a point 
where the interference is completely 
eliminated, stop. 

In most cases, however, it will be 
impossible to eliminate the interfer- 
ence completely. Instead, as you con- 
tinue to cut off lengths of the stub, 
you will find that the interference first 
decreases, then begins to increase 
again. When this happens, you will 
have made the stub too short, and 
you will have to start over again. 
This time, however, you will know ap- 
proximately how long the stub should 
be, and you will be able to recognize 
when you have made it the length 
that produces maximum interference 
elimination. 

During your adjustments of its 
length, the stub should be placed as 
nearly as possible in the position that 
it will occupy after you have finished. 
Changing the position of the stub fre- 
quently has an effect upon its perform- 
ance. Thus, if you stretch it out on 
the floor in front of the set for con- 
venience while you are shortening it, 
you may find that it does not work 
properly when you place it behind 
the set afterwards. Another reason 
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TERMINALS 

TV ANTENNA LINE 

FIG. 10. How a piece of foil can be used 
to make an adjustable shorted stub. 

for not changing the position of the 
stub as you adjust its length is that 
its performance may be affected by 
nearby objects. 

An adjustable transmission line stub 
may also be made as shown in Fig. 10. 

Here the transmission line is connected 
to the antenna terminals of the TV 
set, and a piece of aluminum or tin 
foil is wrapped around the line. The 
piece of foil effectively shorts the line, 
even though it does not actually touch 
the conductors of the line. Therefore, 
the effective length of the stub can be 
adjusted by sliding the foil back and 
forth along the stub line until a posi- 
tion is found that clears up or mini- 
mizes the interference. 

The use of a stub will cause a change 
in the r.f. response curve of the front 
end of a set on channels close to the 
frequency to which the stub is tuned. 
In some cases, this will cause smear- 
ing of the picture. 

It has been found that this effect 
can be prevented by inserting a small 
condenser in series with each line of 

the stub at the point where it fastens 
to the front end or antenna input of 
the receiver. These condensers should 
have capacities of 5 mmf. for stubs 
used in the low TV band and the f.m. 
band and about 2 mmf. for stubs used 
in the high band. Inserting these con- 
densers makes the stub a series -paral- 
lel tuned trap that is much sharper 
in response and will not affect the re- 
sponse curve of the front end of the 
set unless the stub is tuned directly 
to the channel. The addition of con- 
densers may make it necessary to use 
a longer piece of line for the stub. 

If a coaxial transmission line is used 
between the antenna and the receiver, 
it is sometimes desirable to use a 

coaxial line stub. Fig. 11 shows how 
to terminate the end of a coaxial line 
that is to be used as a shorted stub. 

COVERCOPPER SHIELD INNER CONDUCTOR 
LENGTH EQUAL 
TO COAX RADIUS 

COAX STUB CUT TO 
APPROXIMATE LENGTH 

COVER COPPER INNER CONDUCTOR 
SHIELD SOLDERED TO 

SHIELD 

STUB TRIMMED TO 
EXACT FREQUENCY 
USING GRID DIP METER 

COVER METAL CAP 
CENTER, CONDUCTOR 

CENTER 
CONDUCTOR 
SOLDERED 
TO METAL 

CUT -AWAY V EW cTO 
SHIE 

SOLDEREDLD CAP 

STUB TERMINATION AFTER 
CUTTING TO EXACT FREQUENCY 

FIG. 11. A coaxial stub should be termi- 
nated as shown in part A. It should then 
be capped (part B) to prevent radiation 

from its end. 
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FIG. 12. A commercial wave trap. 

Wave Traps. If the station caus- 
ing the interference is comparatively 
low in frequency, a transmission line 
stub may have to be impracticably 
long to eliminate the interference. In 
such cases, you should use a wave trap 
tuned to the frequency of the interfer- 
ing station instead of a stub. Wave 
traps are even used for some of the 
higher -frequency stations to avoid the 
need for having an extra piece of 
transmission line hanging from the set. 
Commercial wave traps are available; 
one is illustrated in Fig. 12. 

Electrically the wave trap may take 
one of several different forms. Fig. 
13A is the schematic diagram of the 
commercial wave trap in Fig. 12. 

The transmission line from the an- 
tenna is connected to the terminals 
marked "in" on the wave trap and 
the transmission line running from the 
receiver is connected to the terminals 
marked "out." Thus, with the wave 
trap connected, coils L1 and L3 are 
inserted in series with the transmis- 
sion line. Coil L2, tuned by condenser 
C1, is coupled to coil L1; and coil L4, 

tuned by condenser C2, is coupled to 

L3. L2 -C1 and L4 -C2 thus act as ab- 
sorption wave traps, absorbing energy 
from the line at the frequency to 
which they are tuned. To use this 
trap, therefore, all you need to do is 

insert it in the transmission line and 
adjust C1 and C2 until the interference 
is minimized. 

Slightly different arrangements of 
absorption wave traps are shown in 
Figs. 13B and 13C. 

A series resonant wave trap that is 

connected directly across the antenna 
input terminals is shown in Fig. 14. 

Electrically, this is approximately the 
same as the quarter -wave open stub or 

the half -wave shorted stub previously 
described. 

A wave trap of this sort is often 
not as effective as an absorption trap, 
because the attenuation it produces in 
the undesired signal depends upon how 

E 

ANTENNA 
( DIPOLE) 

TO 
BALANCED 
INPUT ON 

SET o 

COAX FROM 
ANTENNA 

COAX TO 
RECEIVER 

o 

FIG. 13. Three forms of absorption wave 
traps. The one in part A is pictured in 

Fig. 12. 
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FIG. 14. A series resonant wave trap. As 
the text shows, this is often not as 

effective as an absorption trap is. 

low its impedance becomes at reson- 
ance in comparison to that of the 
receiver. Since the input of a receiver 
has a comparatively low impedance, a 
series trap may not be able to become 
low enough in impedance to produce 
sufficient attenuation of the undesired 
signal. 

Fig. 15 shows how parallel resonant 
wave traps can be used. Notice that 
a trap is connected directly in series 

with each conductor of the transmis- 
sion line. Since each wave trap has a 
very high impedance at its resonant 
frequency, most of the interfering sig- 
nal will be dropped across the traps 
and very little will be applied to the 
receiver input terminals. 

Now that you know how stubs and 
traps are used, let's see which kinds 
of r.f. interference they can eliminate 
and which kinds must be eliminated 
by some other means. 

FIG. 15. A pair of parallel resonant wave 
traps. The inductance and capacity should 
be chosen to make the traps resonant at 
the frequency of the interfering signal. 

Eliminating R.F. Interference 
F.M. signals can interfere with both 

low -band and high -band TV signals. 
Interference with high -band stations 
may occur because of radiation of sec- 
ond harmonics by an f.m. station. 
The f.m. band, as you know, extends 
between the frequencies of 88 and 108 
mc. The second harmonics of these 
frequencies lie between 176 and 216 
mc. Thus, the range of these second 
harmonics coincides almost exactly 
with the range of the upper TV band 
(which is 174 to 216 mc.). If an f.m. 
station does not have good second - 

harmonic suppression (and some do 
not), therefore, it can easily interfere 
with one of the high -band stations. A 
typical example of the effect produced 
by f.m. interference is shown in Fig. 16. 

If you find f.m. interference on one 
of these channels, about the only thing 
that you can do is use a highly direc- 
tive antenna and attempt to orient it 
so that the pickup from the f.m. sta- 
tion will be reduced to a minimum. 
It is impossible to use a stub or a wave 
trap to eliminate interference of this 
sort, because these devices must be 
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tuned to the frequency of the interfer- 
ing signal to be effective. Since sec- 
ond -harmonic f.m. interference comes 
in on top of a TV signal, the use of a 
stub or a wave trap to eliminate the 

Nhl TV Lab "'how 

FIG. 16. Wavy interference of this sort 
that is continually changing is charac- 
teristic of f.m. interference. The varia- 
tions in the pattern produced are caused 
by the continually changing frequency 

of the interfering signal. 

interference will eliminate the desired 
signal as well. 

An f.m. signal can also produce 
image interference, particularly on 
channel 2. To see why, let's suppose 
we have a typical TV receiver having 
a picture i.f. of 25.75 mc. On channel 
2, the picture carrier frequency is 
55.25 mc. The local oscillator of our 
set will therefore be operating at a 
frequency of 81 (55.25 plus 25.75) mc. 
when the set is tuned to this channel. 

If a signal exactly 25.75 megacycles 
higher than the frequency of the local 
oscillator is picked up by the set, it 
can very easily beat with the signal 
from the local oscillator to produce an 
i.f. signal. Such a signal, as you know, 
is called an image. Adding 25.75 mc. 
to the oscillator frequency of 81 mc., 
we find that the image frequency for 

channel 2 is 106.75 mc., which is within 
the f.m. broadcast band. 

Thus, a strong f.m. station can cause 
image interference on channel 2 if the 
front end of the TV set does not have 
sufficient selectivity to reject the 
image frequency. As you learned in 
your earlier studies of TV input tun- 
ers, many sets do not have this much 
selectivity. 

There are several methods that may 
be used to reduce or eliminate f.m. 
image interference. A series wave 
trap, an absorption trap, or a stub 
(either a quarter -wave open stub or a 
half -wave shorted stub) may be used. 
A quarter -wave open stub is perhaps 
the most commonly used of these, be- 
cause it is as effective as any other 
device in the elimination of this type 
of interference, and it is comparatively 
easy to make and adjust. If you wish 
to use an open stub to eliminate f.m. 
image interference, start with a sec- 
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Another form of interference 
caused by f.m. pickup. 

pattern 

tion of line about 32 inches long, then 
shorten it as previously described until 
the interference is minimized. 

In addition to using a stub or a 
wave trap to knock out this type of 
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interference, try reorienting the an- 
tenna. You may find that there is 
a position for the antenna where pick- 
up from the f.m. station is at a mini- 
mum but where there is still satisfac- 
tory signal pickup from the TV sta- 
tion. 

Also, a booster may be helpful. It 
will increase the gain at the frequency 
of the TV signal and improve the 
image rejection of the receiver. If 
the previous suggestions are not suc- 
cessful, try a booster. 

INTERFERENCE FROM 
LOCAL OSCILLATORS 

Interference may be caused by 
radiation from the local oscillator of 
a nearby TV or f.m. receiver. A TV 
receiver with an i.f. of between 21 and 
27 mc. in which the local oscillator 
operates above the incoming signal 
may often cause interference with 
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FIG. 17. Interference of this sort can 
be produced by the local oscillator of a 
nearby TV or f.m. set. You can distin- 
guish it from other kinds of r.f. a.m. in- 
terference by the fact that the number and 
positions of the lines will change when 
the tuning of the interfering oscillator 
is changed. When the tuning operation 
stops, the pattern may change to that in 

Fig. 18. 

other sets. When the set is tuned to 
channels 2, 3, 7, 8, and 9, the local 
oscillator will be operating on chan- 
nels 5, 6, 11, 12, and 13 respectively. 

When the set is operating on chan- 
nel 2 (54-60 mc.), for example, and 
the i.f. is 21 mc., the operating fre- 
quency of the local oscillator is ap- 
proximately 81 mc., which is within 
channel 5 (76-82 mc.). Similar ex- 
amples may easily be set up to show 
how interference can be caused on 
other channels. 

The local oscillators of some f.m. 
sets operate at a frequency lower than 
the incoming signal. As a result, the 
local oscillator of such a set may oper- 
ate within television channels 5 or 6. 

Interference will be caused in a re- 
ceiver by radiation from a nearby TV 
or f.m. set having a local oscillator 
operating at a TV frequency if there 
is not sufficient isolation between the 
mixer stage and the antenna of the 
offending set. If the isolation is in- 
sufficient, the signal from the local 
oscillator will be fed back to the an- 
tenna and radiated. If this radiated 
signal is picked up by a TV set, it will 
produce an interference pattern like 
that shown in Fig. 17. 

There is little that can be done at 
the TV receiver itself to eliminate this 
interference unless the pickup is direct 
and not through the receiving an- 
tenna. If there is a direct pickup 
from a nearby set (in another apart- 
ment, for example), it is sometimes 
possible to cut down the interference 
or to eliminate its effect by using a 
shielded transmission line or by care- 
fully shielding the TV receiver. In 
some instances, it has been found nec- 
essary to cover the inside of the TV 
cabinet with shielding screen. 
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In most cases, however, steps for 
eliminating this type of interference 
must be taken at the interfering re- 
ceiver. The easiest way to eliminate 
this trouble is to use a booster ampli- 
fier between the antenna input of the 
set and the antenna. 

Of course, you are likely to find it 
difficult to persuade the owner of an 
interfering TV receiver to spend the 
money for a booster. He will prob- 
ably decide that since his set is work- 
ing all right, the fact that somebody 
else's set is having trouble is due to a 
defect in that receiver rather than in 
his. Even if he can be convinced it 
is due to a defect in his receiver, or 
perhaps we should say to poor design 
in his receiver, very often he will not 
be willing to go to the expense of in- 
stalling a booster. 

AMATEUR INTERFERENCE 

There are three possible ways in 
which an amateur transmitter may 
cause interference in a TV set. First, 
there may be excessive harmonic 
radiation from the amateur transmit- 
ter at a TV frequency. Second, the 
amateur signal may be able to get di- 
rectly into the i.f. stages. Third, the 
amateur station may be operating on a 
frequency near the TV channels and 
simply be getting through the set be- 
cause of the strong signal from the 
station and the poor selectivity of the 
TV receiver. 

Two amateur bands, the 21 -mc. and 
28 -mc. bands, operate near the i.f. 

' frequencies of modern TV receivers. 
A signal from a nearby amateur sta- 
tion in one of these bands may get 
through the front end of the TV set 
into the i.f. amplifier. Many TV sets 
have i.f. traps in the front end that 

can be adjusted to eliminate such in- 
terference or to reduce it to a mini- 
mum. 

If a set suffering from such interfer- 
ence does not have an i.f. trap, you 
should add one. Install it across the 
transmission line if you use series 
resonant traps. For these amateur 
bands, 14 turns of No. 22 enameled 
wire on a form 3/4 of an inch in diam- 
eter with the windings spaced to fill 
about 3/4 of an inch will make a suit- 
able trap coil. Use a variable tuning 
condenser having a capacity rating of 
15 to 20 mmf. 

Harmonics from the amateur trans- 
mitter are probably the most common 
cause of amateur interference. These 
may affect the test pattern as shown 
in Fig. 18. In some instances, hori- 
zontal lines like those shown in Fig. 
19 may be produced. 

The chart shown in Fig. 20 shows 
the relationship of the most widely 
used amateur bands to the TV chan- 
nels. Harmonics that fall into any of 
the assigned TV channels have aster- 
isks beside them. 

Interference from harmonics of the 

Courtesy Sylvania Elertnc Products,/nc 

FIG. 18. Harmonics from an amateur or 
any other a.m. transmitter may produce 
regular lines of this sort. They will not 
change if the frequency of the trans- 

mitter does not change. 
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FIG. 19. Another form of interference 
that may be produced by an amateur or 

other a.m. transmitter. 

amateur station may best be reduced 
or eliminated at the transmitter itself. 
A quarter -wave shorted stub is very 
effective in the elimination of even - 
harmonic interference. The quarter - 
wave shorted stub is cut to the funda- 
mental frequency of the transmitter. 
It will then act as a parallel resonant 
circuit (high impedance) at the funda- 
mental. At even -harmonic frequencies 
(second, fourth, etc.), the stub will 
act as a series resonant circuit (low 
impedance) and will effectively reduce 
the even -harmonic radiation. 

The harmonic radiation may not 

necessarily be coming from the ama- 
teur antenna. It may be radiating 
from one of the buffer stages in the 
transmitter. The remedy in this case 
is to shield the transmitter completely. 
All shielding should be properly 
bonded, and the shield should be 
grounded at one point. In addition, 
a power line filter similar to the one 
shown in Fig. 21 should be used. 

In some cases, key -clicks may be 
noticeable from an amateur station. 
They may be eliminated by the use 
of a better key -click filter and by the 
use of an r.f. filter (as shown in Fig. 
21) in the power line. They can also 
be eliminated by redesigning the 
transmitter to use a vacuum tube to 
key the equipment. 

Of course, you cannot do anything 
about curing the trouble at the trans- 
mitter end unless the amateur is will- 
ing to cooperate. Most of them will 
be. Most, too, will know what steps 
should be taken to eliminate the 
trouble, because the amateur maga- 
zines are continually running articles 
on eliminating amateur interference. 

Incidentally, when harmonic inter- 
ference is encountered on channel 2, 

AMATEUR 
FREQ. (mc.) 

X2 
(mc.) 

X3 
(mc.) 

X4 
(mc.) 

X5 
(mc.) 

X6 
(mc.) 

X7 
(mc.) 

X8 
(mc.) 

X9 
(mc.) 

X10 
(mc.) 

3.5 7 10.5 14.0 17.5 21.0 24.5 28.0 31.5 35.0 

7.0 14 21 28 35 42 49* 56* 63* 70* 

14.0 28 42 56* 70* 84* 98 112 126 140 

21.0 42 63* 84* 105 126 147 168 189* 210* 

27.0 54* 81* 108 135 162 189* 216* 243 

28.0 56* 84* 112 140 168 196* 224 

50.0 100 150 200* 

FIG. 20. Chart of the harmonics of the most popular amateur frequencies. 
that have an asterisk beside them fall in one of the TV channels. 

Those 
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FIG. 21. This r.f. filter will help keep 
amateur harmonic radiation out of the 

power line. 

it is due to harmonics from an amateur 
transmitter that is operating in the 
28 -mc. band. Remember, the amateur 
transmitter has a legal right to be 
operating in that band; and the FCC 
recognizes that certain harmonics will 
be radiated. Recent studies indicate 
that interference from second -har- 
monic radiation of a 28 -mc. trans- 
mitter can be expected on channel 2 up 
to a mile from a 750 -watt transmitter 
having a harmonic suppression of 42 
db. Interference from the third har- 
monic of a transmitter usually will 
not cause any trouble except in the 
immediate vicinity. 

Amateur stations operating on the 
6 -meter band also cause TV inter- 
ference. This band is located directly 
beside television channel 2. As a 
result, amateur stations operating in 
this band will get through the front 
end of a nearby TV set, because the 
set does not have sufficient selectivity 
to reject the undesired signal. A 6 - 
meter transmitter will cause consider- 
able interference on channel 2 on 
nearby TV receivers and may even 
affect the entire low band. 

A quarter -wave open stub used on 
the receiver transmission line may be 
helpful in reducing this type of inter- 
ference. There is nothing that 'can 
be done at the transmitter, because 
the fundamental of the transmitter 
causes the trouble. 

In addition to using the quarter - 
wave stub, using a highly directive 
antenna array and orienting it for 
minimum pickup from the amateur 
station may be helpful. However, if 
the amateur station is located in the 
same direction as a television station, 
the chances are that this solution will 
be impractical. 

Fortunately, the 6 -meter amateur 
band is not as popular as the lower - 
frequency amateur bands-in fact, the 
number of stations operating on 6 
meters is small in comparison to the 
number on the other amateur bands. 
As a result, interference from 6 -meter 
stations is not very widespread. 

The previous information on reduc- 
ing amateur interference can also be 
applied to the lessening of interference 
caused by commercial short-wave sta- 
tions operating on frequencies near the 
TV channels or on frequencies having 
harmonics that fall in TV channels. 
Harmonic interference from these 
commercial stations is likely to be less 
severe than it is from an amateur sta- 
tion. The commercial stations have 
had the benefit of good reliable design 
by competent engineers, whereas some 
of the amateur stations are lacking in 
this respect. 

INTERFERENCE FROM 
BROADCAST STATIONS 

Interference may be caused by 
nearby a.m. broadcast stations. This 
interference will look something like 
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a wire mesh across the face of the 
cathode ray tube. 

Moving and redirecting the TV an- 
tenna usually does not help too much 
in this case, because the trouble is 
due to the fact that the signal blankets 
the area. The most effective method 
of reducing this interference is to use 
a high-pass filter like that shown in 
Fig. 22. 

It is not usually sufficient simply 
to connect this filter between the 
transmission line and the antenna ter- 
minals of the receiver. Usually there 
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FROM ANTENNA 
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to the other side of the high-pass filter. 
If the TV signal is weak, increasing 

its strength may be helpful in reducing 
the effect of this interference. Using 
a better antenna, raising the antenna, 
or using a booster may prove helpful. 

CO -CHANNEL INTERFERENCE 

When the FCC originally assigned 
the television channels, it was assumed 
that a TV signal would not travel a 
very great distance beyond the line of 
sight. The geographical separation 
of stations on the same channel was 

c 
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FIG. 22. Use of this high-pass filter will reduce interference caused by a powerful 
nearby a.m. broadcast station. 

is a fairly long piece of transmission 
line between the antenna terminals of 
the receiver and the input to the tuner. 
When there is a strong signal from a 
local a.m. broadcast station, sufficient 
signal may be picked up in this short 
length of line to cause considerable 
interference. The best thing to do is 

to disconnect the transmission line at 
the point where it is connected to the 
front end of the receiver. Then con- 
nect one side of the high-pass filter 
directly to the tuner input, and con- 
nect the transmission line coming from 
the antenna terminals of the receiver 

set with this assumption in mind. 
Experience has proved, however, that 
there is a certain amount of bending 
of a TV signal; and, as a result, signals 
travel a good distance beyond the 
horizon. Consequently, the problem 
of co -channel interference has arisen 
in some locations. 

Such interference occurs when it is 
possible to pick up signals from two 
different stations that are on the same 
channel. Let's say that a set is located 
between two channel 4 stations that 
are 175 miles apart and is 50 miles 
from one station and 125 miles from 

4 
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the other. If conditions are favorable, 
it will be possible to pick up the nearer 
channel 4 station well. The other 
channel 4 station may not be received 
well enough to give a satisfactory pic- 
ture, but it may be possible to pick up 
enough signal from it to cause inter - 

KL T b Lau Photo 

FIG. 23. The "venetian blind" effect pro- 
duced by co -channel interference may look 

like this. 

ference with the signal from the first 
station. 

Such interference occurs whenever 
the signals from the two stations dif- 
fer in frequency by a small amount. 
Theoretically, both stations should be 
operating on exactly the same fre- 
quency, but they may easily differ by 
a few hundred cycles and still be well 
within the frequency tolerance limits 
set by the FCC. When both signals 
are received, a beat note having a fre- 
quency equal to their frequency dif- 
ference will be produced and even- 
tually applied to the picture tube, 
causing an interference pattern like 
that shown in Fig. 23. This inter- 
ference produces a series of alternate 
black and white bars across the image, 
for which reason it is called the "vene- 
tian blind effect." The number of 
bars depends, of course, on the differ- 

ence in frequency of the two carriers. 
If this difference is less than 60 cycles, 
no visible bars will be produced; but, 
unless the two carriers are exactly 
synchronized in frequency, there will 
be an annoying variation in bright- 
ness of the picture. 

The only hope of eliminating such 
interference at the receiver is to use 
a more directive antenna in an effort 
to attenuate the undesired signal so 

much that it will produce no appreci- 
able effect. If this does not work, 
there is nothing else that can be done 
at the receiver to eliminate the inter- 
ference. 

Fortunately, however, a simple 
method of adjusting the transmitter 
to eliminate this interference com- 
pletely has been worked out. It is 
likely that it will be adopted very 
soon, in which case co -channel inter- 
ference will no longer be a problem. 

This method consists of adjusting 
the two transmitters so that they are 
exactly 10,500 cycles different in fre- 
quency. When the frequency differ- 
ence is this great, the bars produced 
are so numerous and so thin that they 
disappear completely. 

ADJACENT -CHANNEL 
INTERFERENCE 

Adjacent -channel interference is not 
likely to occur in large cities to which 
TV channels have been assigned, be- 
cause such cities are generally located 
so far from others to which adjacent 
channels have been assigned that it is 
impossible to pick up the adj acent- 
channel signals. A receiver located 
between two cities to which adjacent 
channels have been assigned may suf- 
fer from interference of this sort, how- 
ever. 
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To take a specific example, let's 
suppose that a set is located between 
a city to which channel 3 has been 
assigned and another city to which 
channels 2 and 4 have been allocated. 
Let's suppose further that reception 
is such that all three of these channels 
can be picked up. If so, the broad 
response of the front end and the i.f. 
stages of the set will probably permit 
the set to pick up interference from 
both channel 2 and channel 4 when it 
is tuned to channel 3. 

Such interference will probably be 
caused by the sound carrier of channel 
2 and the picture carrier of channel 4. 

The sound carrier frequency of chan- 
nel 2, for example, is 59.75 mc., and 
the local oscillator of the set (assum- 
ing it has the usual sound i.f. of 21.25 
mc. and picture i.f. of 25.75 mc.) will 
he operating at 87 mc. when the set 
is tuned to channel 3. The beat be- 
tween the sound carrier of channel 2 
and the local oscillator frequency 
when the set is tuned to channel 3 will 
therefore have a frequency of 27.25 
mc., which is near enough to the i.f. 
frequencies to get through the set and 
cause interference. 

Similarly, the picture carrier fre- 
quency of channel 4 (67.25 mc.) will 
beat with the local oscillator of a set 
tuned to channel 3 to produce a fre- 
quency of 19.74 mc. This will prob- 
ably also pass through the i.f. stages 
and produce interference. 

There are several things that might 
be done to reduce adjacent -channel 
interference. Some receivers contain 
adjacent -channel sound traps and ad- 
jacent -channel picture traps that are 
designed to eliminate it. Properly 
adjusted, such traps are very effective. 

The use of a more directive antenna 
should be tried. It may be possible to 
reduce the pickup from the interfering 
station to such a low level that the 
interference will not be objectionable. 

It may also be possible to use a stub 
cut to a frequency near that of the 
interfering station to attenuate the 
interference. This is practicable, of 
course, only if the presence of the 
stub does not reduce the strength of 
the desired signal too much. 

Sometimes the use of a pad that 
reduces the signal strength of all in- 
coming signals will prove helpful. We 
shall discuss pads a little farther on 
in this Lesson. 

NOISE 

Noise produces dark spots or streaks 
across the picture tube. Probably the 
most common source of this kind of 
interference is automobile ignition 
systems. The effects of light and 
heavy interference of this sort are 
shown in Figs. 24A and 24B respec- 
tively. Notice that heavy ignition 
interference may destroy the hori- 
zontal sync action. 

Frequently a great deal of auto ig- 
nition interference is picked up by the 

Courtery RCA 

Interference caused by some form of 
noise. 
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transmission line rather than by the 
antenna. If such interference is se- 
vere, you should try a shielded trans- 
mission line. If the interference is 
light, it may be possible to use an 
unshielded line provided it is placed 
as far as possible away from the street. 
Even if the interference is light, the 
use of shielded line is preferable from 
every standpoint except that of cost. 

Placing the antenna as high as pos- 
sible is helpful. In addition, if the 
interference is being picked up by the 
antenna itself, it is often worth while 
to use a stacked array. As you know, 
a stacked array picks up much less 
noise from a source below it than 
a dipole does. 

Automobile manufacturers are co- 
operating with TV manufacturers, and 
the new cars do not cause nearly as 
much ignition interference as do the 
older ones. In time, therefore, as the 
older cars go off the roads, ignition 
interference will probably be reduced 
considerably. 

Noise may also be produced by 
various other electrical devices. Any 
device in which a motor is used may 
produce interference if the motor is 
not properly adjusted or if sparking 
occurs between the brushes and the 
commutator. In addition, ultra-violet 
lamps, neon signs, electric razors, and 
similar spark -producing devices may 
cause considerable interference. 

In each of these cases, the use of a 
line filter should prevent interference 
from getting into the set through the 
power line. Of course, to be most ef- 
fective, the filter should be placed at 
the interfering piece of equipment. 
When the device cannot be located or 
if it is impractical to place the filter 
at this point, however, try installing 

Courtesy Sylvania Electric Products, Inc. 

FIG. 24A. Light ignition interference 
causes streaks of this kind across the 

picture. 

Courtesy Belmont Radio Corp. 

FIG. 24B. Heavy ignition interference 
may make the set lose horizontal sync, 

as shown here. 

the filter between the receiver and the 
power outlet. 

Again, as in the case of auto igni- 
tion, much of the interference may be 
picked up by the transmission line, so 
the use of shielded line may help to 
reduce the interference. Getting the 
antenna higher to keep it as far away 
as possible from the interference may 
do some good. 

A booster is sometimes useful in re- 
ducing noise interference if the inter- 
ference is noticeable simply because 
the signal from the TV station is 
weak. In this case, increasing the sig- 
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nal from the TV station by the use of 
a booster will reduce the effect of the 
noise. If the interference is being 
picked up by the antenna, however, 
a booster will do little good, because 
the noise will be amplified along with 
the desired signal. 

DIATHERMY INTERFERENCE 

Diathermy interference is caused 
by radiation from the oscillator of a 
diathermy machine (a piece of equip- 
ment used by doctors in giving heat 
treatments). The newer machines are 
designed to minimize such radiation: 
in some, second -harmonic radiation 
(which is the most troublesome, be- 
cause it is in the TV spectrum) is kept 
as low as 5 microvolts per meter. 
However, older equipment radiates 
very strongly, causing interference 
that often cannot be eliminated. 

Courtesy Sylvania Electric Products, Inc. 

Loss of vertical sync caused by diathermy 
interference. 

The effect of diathermy interference 
on the test pattern is shown in Fig. 25. 

The herring -bone pattern may move 
vertically, or it may remain stationary 
as shown. If the interference is ex- 
tremely strong, it may completely 
blank out the test pattern on one or 
more stations. 

Filtering the antenna circuit with 
a high-pass filter may help to some 
extent if the interference is very broad. 
Repositioning the antenna to reduce 
pickup from the interfering source to 
a minimum and using an antenna with 

Courtesy Sylvania Electric Products, Inc. 

FIG. 25. A typical example of diathermy 
interference. Usually such interference 
will cause either one or two bands across 
the picture, since diathermy machines 
(which are essentially h.f. and v.h.f. 
oscillators) are usually modulated at 
either 60 or 120 cycles, depending on 
whether a half -wave or a full -wave recti- 
fied power supply is used. The modula- 
tion occurs because the power supply is 

not usually filtered. 

a sharper pattern may also be helpful. 
Sometimes a stacked array will not 
pick up this interference to the extent 
that an ordinary dipole or folded di- 
pole will. If the pickup occurs in the 
transmission line, the use of a shielded 
line should eliminate it. 

Diathermy interference can best be 
eliminated at the source, if the source 
can be found. Usually you can find 
out which doctors in the neighborhood 
have diathermy equipment. Then, 
when the interference is present, you 
can telephone each doctor to see if his 
equipment is turned on at that mo- 
ment. 
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If the doctor is willing to permit you 
to take steps to eliminate the inter- 
ference, shield the diathermy oscilla- 
tor completely. This will keep radia- 
tion from the oscillator itself to a 
minimum. 

In addition, filter the power supply 
to the equipment. Use an r.f. filter 
like the one shown in Fig. 21. 

Fortunately, diathermy equipment 
is usually not used too much during 
the evening hours when television pro- 
grams are on the air. 

IDENTIFYING 
R.F. INTERFERENCE 

Since the measures you take to eli- 
minate r.f. interference often depend 
on what kind of interference is being 
picked up, it is usually necessary for 
you to identify the interference before 
you can remove it. Fortunately, it is 
generally easy to do so by observing 
the effect produced on the picture by 
the interference. 

We have illustrated most of these 
effects in the preceding sections of this 
Lesson. Study the pictures carefully 
so that you will be able to identify 
each type. Most of them are distinc- 
tive enough so that you will have very 
little difficulty in telling them apart. 
Noise, for example, causes streaks or 
dots across the face of the tube; dia- 
thermy produces a herring -bone pat- 
tern; and so on. 

Interference from amateur stations 
and from f.m. stations may be some- 
what difficult to distinguish between, 
since both cause diagonal lines across 
the face of the tube. The lines caused 
by an amateur station are usually 
straight, however, whereas those 
caused by an f.m. station are not. 
Further, the number of lines caused 
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by an f.m. station varies constantly, 
because the frequency of the station 
is continually changing; but an inter- 
fering amateur station will usually 
produce a constant number of lines. 

Another . distinguishing feature is 
that amateur interference is not pres- 
ent all the time, because amateur sta- 
tions are operated intermittently. On 
the other hand, interference caused by 
an f.m. station is usually present 
throughout practically the entire day 
and evening. 

If interference is caused by a radio 
station, try to pick up its call letters. 
Doing so will let you find out what 
the fundamental frequency of the in- 
terfering frequency is, which may 
make it easier for you to determine 
why the interference is occurring. If 
it is the picture rather than the sound 
that is interfered with, you will not 
hear the interfering frequency when 
the set is correctly tuned. However, 
you may find it possible to hear it if 
you misadjust the fine tuning control 
(if the set has one) so as to increase 
the frequency of the local oscillator, 
thereby making the beat frequency of 
the interfering signal and the oscilla- 
tor signal fall within the sound i.f. 
range. Even if the interference is 
amplitude modulated, you will prob- 
ably be able to hear it through the 
f.m. sound system of the TV set; it 
will undoubtedly be distorted, but you 
should be able to make out what is 
being said. 

SIGNAL STRENGTH 
In many cases, the success you will 

have in eliminating interference will 
depend upon the strength of the signal 
from the TV station. The stronger 
the signal, the better your chance of 



eliminating the interference. If the 
signal is relatively weak, it may be 
difficult or impossible to eliminate 
the interference without also attenu- 
ating the signal from the television 
station to such an extent that it is un- 
usable. 

When the signal from the TV sta- 
tion is weak, therefore, it is usually 
worth while to spend some time at- 
tempting to increase its strength be- 
fore trying to knock out the interfer- 
ence. Use a high -gain antenna and a 
booster to build up the signal strength 
in such a case. Then you can use 
traps or stubs to knock out the in- 
terference with some assurance that 
you will not reduce the strength of 
the desired signal too much. 

INTERFERENCE CAUSED BY 
TV RECEIVERS 

Several of the circuits in a TV set 
may interfere with other broadcast 
services. In addition to being called 
upon to eliminate interference in a TV 
receiver, therefore, you may also be 
called upon to eliminate interference 
that is caused by the TV receiver. 

Direct radiation from the video cir- 
cuit may cause trouble in an a.m. 
broadcast receiver, for example. Re- 
member, the video circuits in a re- 
ceiver handle frequencies all the way 
from about 15 or 20 cycles up to 4.5 
megacycles. As a result, there are 
strong signals present in the video cir- 
cuits that fall within the frequency 
range of the standard broadcast band. 
If there are any long leads in the video 
circuits, there may be considerable 
radiation that will affect nearby 
broadcast receivers. 

Such interference makes the a.m. 
set sound mushy. Considerable back- 

ground noise of variable intensity is 

present. In some cases, the noise can 
be severe enough to obliterate weak 
stations completely. There may also 
be "birdies" caused by beating of 
some video components with broad- 
cast carriers. 

The most effective method of elimi- 
nating such interference is to shield 
the TV receiver. It may be necessary 
to build a wire mesh shield completely 
around the inside of the TV receiver 
cabinet. This shield should then be 
grounded. 

In receivers using the intercarrier 
sound system, the 4.5 -mc. sound may 
radiate, causing trouble with services 
on or near this frequency, if the leads 
in the set are long and unshielded. 
Shielding any long leads should be ef- 
fective in eliminating this difficulty. 

The scanning systems in a TV re- 
ceiver may cause trouble because they 
are rich in harmonics. The vertical 
sweep is usually not troublesome, since 
it operates at the low frequency of 60 
cycles per second. The horizontal 
sweep circuits, however, operate at a 
frequency of 15,750 cycles and have 
an output that is very rich in har- 
monics. These harmonics may cause 
"birdies" about every 15 kc. all over 
the dial of an a.m. set as they beat 
with broadcast station carriers. 

In most sets in which electromag- 
netic deflection is used, the horizontal 
sweep circuit is shielded along with 
the high -voltage rectifier and the 
damping circuits. If you should find 
that these components are not shielded 
in a set that causes interference in a 
nearby radio receiver, shielding these 
circuits should be helpful. 

In addition, radiation may occur 
from the yoke. An additional shield 
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may be made that can be slipped on 
over the yoke and grounded to the 
receiver chassis. Such a shield is 
usually quite effective in eliminating 
radiation from the yoke. If it doesn't 
remove the interference completely, it 
will be necessary to use a screen shield 
over the entire inside of the set (with 
the exception of the face of the pic- 
ture tube). 

We mentioned earlier that radiation 
from the local oscillator of the TV 
set may cause interference in nearby 
TV or f.m. sets. The best way to eli- 
minate such radiation by the TV re- 
ceiver is to install a booster between 
the offending receiver and its antenna. 

There is one possible difficulty you 
should keep in mind if you are at- 
tempting to eliminate interference by 
shielding the inside of a TV receiver 
cabinet with a grounded wire mesh. 
Some TV receivers use power sup- 
plies that resemble the a.c.-d.c. cir- 
cuits used in many of the lower -priced 
a.m. broadcast radios. In such sets, 
one side of the power line may be 
connected directly to the chassis. 

Obviously, you must not ground the 
chassis in a set of this kind-if you 
do, you may put a short directly across 
the power line. Therefore, if you in- 
stall a shield in one of these sets, be 
very careful not to allow the grounded 

shield to come into contact with the 
receiver chassis. 

SUMMARY 

There are two main kinds of exter- 
nal r.f. interference-"blanket" inter- 
ference and "station" interference. 
Blanket interference, such as dia- 
thermy, ignition, etc., can best be eli- 
minated by going to the equipment 
causing the interference. The use of 
appropriate filters and shielding will 
usually eliminate the interfering radia- 
tion. 

On the other hand, interference 
caused by a particular station, whether 
it be an f.m., an amateur, a short- 
wave, or some other station, can usu- 
ally be eliminated by using wave traps 
or stubs at the receiver. Of course, 
if the interference is caused by exces- 
sive harmonic radiation from an ama- 
teur station, the elimination or the 
suppression of that harmonic at the 
station will be the most effective 
means of combating the trouble. 
When the interference is due to near- 
by stations that are operating on fre- 
quencies near the TV channel or near 
the TV i.f. frequency, however, the 
best way to eliminate the interference 
is to trap the interfering signal at the 
receiver. 
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Special TV Installations 
In this section, we are going to take 

up some special installation problems. 
One of these is the use of pads or some 
other means of cutting down extremely 
strong signals when the receiver is 

located close to the transmitter. An- 
other is the installation of a receiver 
in an area where the correct type of 
power is not readily available. A 
third is making commercial installa- 
tions-in taverns or restaurants, for 
example. The fourth is setting up a 
multiple -installation system for an 
apartment house or a dealer's store. 

STRONG SIGNAL AREAS 

When you make a TV installation 
in an area where the signal strength 

is excessive, you should use a pad to 
reduce the amount of signal fed to the 
set from the antenna to prevent the 
first stages in the set from being over- 
loaded. Fig. 26 shows the circuits of 
four types of pads and the resistor 
values that should be used in the two 
most common of them to produce vari- 
ous amounts of attenuation. The bal- 
anced pads are used with 300 -ohm 
twin -lead line, and the unbalanced 
pads are used with 72 -ohm coaxial 
line. 

In an area where there are several 
stations, it is unusual to find a loca- 
tion where the signals from all of them 
are too strong. It is somewhat more 
common to have the signal from one 
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FIG. 26. The diagrams of O, H, T, and Pi pads are shown in part A, and design 
factors for O and Pi pads are given in part B. 
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station be extremely strong but those 
from other stations be only normal in 
strength. This condition occurs when 
the set is located very close to one 
transmitter but considerably farther 
from the others. 

Since a pad will reduce the strength 
of all signals equally, a pad would be 
unsuitable in a location of this latter 
kind because we do not want to reduce 
the signal strength from the weaker 
stations. Instead, you should install 
a parallel resonant wave trap in the 
transmission line (one trap in each 
lead of the line if twin -lead is used), 
tuning it to the frequency of the over - 
strong station. This arrangement will 
usually attenuate the strong signal 
enough to prevent overloading. 

Incidentally, you may wonder why 
we go to all of the trouble of design- 
ing pads to attenuate signals instead 
of simply inserting resistors in the 
leads between the transmission line 
and the antenna terminals of the re- 
ceiver. The reason is that the trans- 
mission line would no longer be ter- 
minated with the correct impedance 
if we just installed resistors to atten- 
uate the signals. The pads shown in 
Fig. 26, however, are designed so that 
they will have no effect on the imped- 
ance matching. In other words, when 
the resistances given in Fig. 26 are 
used, the impedance at the input and 
at the output of either of the balanced 
pads is 300 ohms; and, similarly, the 
input and output impedance of the un- 
balanced pads is 72 ohms. 

INSTALLATIONS IN D.C. AREAS 

In some of the larger and older 
cities, there are areas in which d.c. 
power rather than the more common 
60 -cycle a.c. power is supplied over 

the power lines. When public distrib- 
ution of electric power was first under- 
taken by power companies, d.c. was 
the only kind used. Later, when the 
advantages of a.c. power became ap- 
parent, most new installations were 
equipped to deliver it. In some areas 
of the older cities, however, the ex- 
pense of converting to a.c. was so 
great that the power companies con- 
tinued and still continue to supply 
only d.c. to them. 

A power transformer will not oper- 
ate on d.c. As a result, TV sets using 
power transformers cannot be oper- 
ated on d.c. If you are going to in- 
stall a TV set in a d.c. area, you must 
either use a set designed for a.c.-d.c. 
operation or use some means of con- 
verting the d.c. from the power lines 
to 60 -cycle a.c. 

There are several devices that make 
it possible to change d.c. to a.c. You 
may use an inverter, a rotary con- 
verter, or a motor driven generator. 

An inverter consists of a vibrator, 
a transformer, and a suitable filter 
assembly. One is shown in Fig. 27A. 
Commercially manufactured inverters 
are available from most wholesale 
supply houses. 

The inverter has a few disadvan- 
tages. One of the most important, in 
this case, is that one large enough to 
supply a TV set that draws 300 to 
350 watts is very expensive. Another 
is that some have a tendency to vary 
in frequency, an effect that may cause 
undesirable voltage variations in a 
TV set. There are inverters commer- 
cially available that can be synchron- 
ized with the field frequency of the 
TV signal so that their outputs are 
constant in frequency. Such devices 
are also very expensive, however. 
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Courtesy Cornell-Dubilier Electric Co. 

FIG. 27A. A typical inverter used to 
change d.c. to 60 -cycle a.c. 

(.'uartcsy Carter Motor Co. 

FIG. 27B. This rotary converter is used 
to change d.c. to 60 -cycle a.c. The small 
box contains a speed control device that 
permits the frequency of the output to 

be regulated. 

The other commonly used device 
that may be employed is a rotary con- 
verter. One is illustrated in Fig. 27B. 

Essentially, a rotary converter con- 
sists of a d.c. motor and an a.c. gen- 
erator assembled on a common shaft 
so that the motor drives the generator. 
Most are designed to deliver 60 -cycle 
a.c. power. The converter shown in 
Fig. 27B has a small speed -control 
device that can be used to regulate 
the frequency of the a.c. obtained. 
This is the small box into which the 
power cord of the converter is plugged 
in the illustration; it is called a "pic- 
ture -control unit" by the manufac- 
turer. 

It is also possible to change d.c. to 
a.c. by using a motor -generator as- 
sembly. This assembly is much the 
same thing as the rotary converter 
except that the motor and the genera- 
tor are built separately and mechani- 
cally coupled together. Most such as- 
semblies are designed to deliver large 
amounts of power and are too expen- 
sive to use if a TV set is to be the 
only load. 

In selecting a device to convert d.c. 
to a.c., make sure that the unit can 
supply the a.c. at the proper voltage 
and frequency and also that it is large 
enough to furnish the current needed 
to operate the TV set. A TV receiver 
usually has a current requirement of 
several amperes at approximately 115 

to 120 volts, 60 -cycle a.c. 
Many inverters and converters are 

given both an intermittent -duty and 
a continuous -duty rating. Be sure 
that the continuous -duty rating is 
high enough to handle the require- 
ments of the TV set, because the set 
will probably be used for several 
hours during an evening. A device 
designed to supply the required cur- 
rent under intermittent conditions only 
would not be capable of handling the 
load. 

INSTALLATIONS IN 
25 -CYCLE AREAS 

Some American cities supplied by 
hydro -electric plants have 25 -cycle 
rather than 60 -cycle power. A TV 
receiver that uses a power transformer 
designed for 60 -cycle operation will 
not work satisfactorily on 25 cycles: 
there is not sufficient iron and copper 
in the power transformer, and the 
transformer will burn out. Even if 
the power transformer would work, 
the chances are that there would not 
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be sufficient filtering in a 60 -cycle re- 
ceiver to give satisfactory perform- 
ance on 25 cycles. 

Therefore, if the customer's set is 
designed for 60 -cycle operation and 
he wishes to use it in a 25 -cycle area, 
about the only practical thing to do 
is to replace the power transformer 
with one designed for 25 -cycle opera- 
tion. It will probably also be neces- 
sary to increase the filter capacity to 
reduce the hum. This can be done by 
installing larger filter condensers or 
by connecting additional condensers 
across those already on the set. Be 
sure that the condensers being instal- 
led in the set have a working voltage 
that is at least as high as the working 
voltage of the condensers they are re- 
placing. 

If a suitable power transformer can- 
not be obtained, it may be possible 
to have one wound specially for the 
job. Such a transformer will be fairly 
expensive; however, about the only 
alternative is to use a frequency con- 
verter, which is considerably more 
costly. 

The kind of frequency converter we 
refer to consists of a 25 -cycle syn- 
chronous motor that drives a 60 -cycle 
generator. This device has a constant - 
frequency output, because the output 
frequency is determined by the speed 
of the motor. Since it is a syn- 
chronous motor, its speed is deter- 
mined by the frequency of the power 
line, which is practically constant. 

Not all TV sets use a power trans- 
former. Many sets use voltage - 
doubler and voltage -tripler circuits to 
obtain the necessary B -supply vol- 
tages. These circuits will not work on 
d.c., but they will work on 25 -cycle 
a.c. power. When a receiver of this 

type is to be installed in a 25 -cycle 
area, therefore, satisfactory perform- 
ance can usually be obtained simply 
by increasing the size of the filter con- 
densers without making any other 
alterations in the set. For this rea- 
son, a customer buying a set for use 
in a 25-cyle area will find it cheaper 
to get a transformer -less type if a set 
with a 25 -cycle transformer is not 
available. You may wish to point this 
fact out to customers or potential cus- 
tomers living in such an area. 

COMMERCIAL INSTALLATIONS 

In general, commercial installations 
are handled in the same manner as 
home installations. The problems en- 
countered are very similar. One dif- 
ference between them, however, is that 
there is seldom a high electrical noise 
level in a private home, whereas there 
is very apt to be one in a commercial 
location. A tavern or restaurant usu- 
ally contains many electrical devices 
-automatic phonographs, refrigera- 
tors, electric washing machines, neon 
signs, and fluorescent lights, for ex- 
ample. Considerable interference may 
be radiated by one or more of these 
devices. If you notice that the noise 
level is comparatively high in the TV 
set, the interfering device can be iden- 
tified by shutting off the various elec- 
trically operated machines one at a 
time. If you notice that the noise 
goes down when a certain machine is 
shut off, that machine is generating 
at least part of the interference. You 
can probably reduce the interference 
from each such machine by using a 
suitable filter in the power line to the 
device. 

Noise pick-up in the transmission 
line from such devices or from nearby 
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automobiles can be kept to a mini- 
mum by using shielded transmission 
lines. For this reason, a shielded line 
is far superior to an unshielded line 
for a commercial installation. Since 
the charge for a commercial installa- 
tion is usually somewhat higher than 
that made for a home installation, it 
is practicable from the cost viewpoint 
to spend the extra money for the 
shielded line. 

Since people are often more careless 
about equipment in a commercial 
establishment than they are in a pri- 
vate home, make sure that the trans- 
mission line is securely fastened in 
place. If it is not, it may be kicked 
or pulled loose accidentally or some- 
one may be injured by tripping over 
it. It is also a good idea to run the 
transmission line in such a manner 
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FIG. 28. Methods of connecting several 
sets to the same transmission line. The 
resistive networks permit the lines to be 
terminated in their characteristic im- 
pedances, thus eliminating line reflections. 

that it will be as inconspicuous as pos- 
sible. 

Another difference between home 
and commercial installations is that 
there is usually only one set in a home 
but there may be several in a large 
commercial establishment. The use 
of several sets brings up the problem 
of connecting them to an antenna. Of 
course, one way of solving this prob- 
lem is to use a separate antenna for 
each set. There may not be room for 
several antennas, however, or the prop- 
rietor may not want to use more than 
one. In this case, a distribution net- 
work must be used to feed the signal 
from a single antenna to several re- 
ceivers. 

Fig. 28 shows a simple way in which 
several receivers can be connected to 
a 300 -ohm line (Fig. 28A) or a 72 -ohm 
line (Fig. 28B) . The matching net- 
works shown permit the transmission 
line to be terminated in its characteris- 
tic impedance with the result that 
ghosts resulting from mismatch are 
avoided. 

It is necessary to know the relative 
signal strength in a particular area be- 
fore you can tell whether it is prac- 
tical to connect 2, 3, or 4 receivers 
to the same antenna, because the total 
signal delivered by the antenna is 
divided equally among the sets. If 
there are two sets, for example, only 
half the signal fed to the line by the 
antenna is applied to each of them; 
if there are three, only one-third the 
signal is applied to each; and so on. 

If the receivers are installed in a 
primary service area where the signal 
strength is comparatively high, it may 
be possible to connect many sets to 
the same antenna without any diffi- 
culty. In other cases, it may be nec - 
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FIG. 29. These matching networks can be used to permit as many as 6 sets to be 
connected to the same line. 

essary to use a high -gain antenna ar- 
ray or an array plus a booster to make 
up for the loss of signal strength as 
additional sets are connected to the 
antenna, even though such a high -gain 
system would not normally be required 
to get reception on a single receiver. 

The circuit in Fig. 29 shows a com- 
plete matching network that can be 
used to connect as many as six sepa- 
rate receivers to the same transmis- 
sion line. The network constants are 
such that signals of equal strength will 
be delivered to each receiver. 

If fewer than six sets are to be con- 
nected to this network, the extra dis- 
tribution boxes should be disconnected 
to keep the network in balance. For 
example, if only five sets are to be 
used, box No. 1 should be removed. 
The sets should then be connected to 
the positions marked set No. 3, set No. 
4, set No. 5, and set No. 6. The fifth 
set should be connected to the leads 
that went to box #1, Similarly, if 

only four receivers are to be used, 
boxes No. 1 and No. 2 should be re- 
moved, and so forth. 

The circuit shown in Fig. 29A should 
be used for receivers having 300 -ohm 
balanced inputs. The one in Fig. 29B 
is a similar network for use with a 
72 -ohm unbalanced system in which 
a coaxial cable is used. 

APARTMENT -HOUSE 
INSTALLATIONS 

Many landlords will not permit 
tenants to install individual TV an- 
tennas on the roofs of their apart- 
ment houses. In cases of this sort, 
the TV set owner must generally use 
a window or an indoor antenna unless 
he has a set having a built-in antenna. 

The effectiveness of such antennas, 
including built-in ones, depends on the 
location. In many places they work 
well, in others they are satisfactory 
if boosters are used with them. Very 
often, however, a TV receiver will fail 
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to give satisfactory performance unless 
it is connected to a suitable outside 
antenna. 

Usually an apartment -house owner 
who will not permit each tenant to 
erect an outdoor antenna will allow 
one master antenna to be put up. For 
that matter, it may not be desirable 
for every tenant to put up his own an- 
tenna even if he is permitted to do so, 
because each antenna will have a cer- 
tain effect on any other antenna near 
it. For this reason, antennas cannot 
be placed too close together; if they 
are, the result is that none of them 
works well. This fact creates a prob- 
lem when there are a great many 
television sets in one apartment house, 
because it is impossible to erect enough 
antennas on the roof to take care of 
all of them without having the an- 
tennas so close together that all of 
them will be affected. 

There is, therefore, a demand in 
apartment -house installations for a 
master antenna system that will fur- 
nish a signal for several receivers. In 
small apartment houses, systems like 
those shown in Figs. 28 and 29 may be 
suitable. A more elaborate system 
must generally be used for a large 
apartment house, however. 

72.1E 72 1L 

ADO -2 

Several systems have been devised 
to answer the problem of apartment 
house installations. One of these is 

the Jerrold "Mul-TV Antenna Sys- 
tem," which we shall describe briefly. 
The simplest form of the Jerrold 

system is shown in block diagram 
form in Fig. 30. As you can see, it 
consists of a series of distribution 
boxes coupled to each other and to 
the antenna by 72 -ohm coaxial trans- 
mission line. (For convenience in 
reference, we shall call this the dis- 
tribution line.) A 72 -ohm termina- 
ting resistor is connected across the 
end of the line. 

Two kinds of distribution boxes, 
called ADO -1 and ADO -2 by the 
manufacturer, are used in this system. 
The ADO -1 is used to couple one 72 - 
ohm set to the line, the ADO -2 to 
couple two 300 -ohm sets to it. Either 
kind of box can be used anywhere in 
the system, so 72 -ohm and 300 -ohm 
receivers can be connected to the line 
in any proportion. 

Each distribution box contains a 

cathode -follower amplifier and its 
power supply. The input of each box 
is connected across the distribution 
line; since this input consists of the 
grid circuit of the cathode follower 
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Courtesy Jerrold Electronics Corp. 

FIG. 30. A block diagram of the Jerrold Mul-TV antenna system intended for use 
in apartment installations. Either 72 -ohm or 300-olun receivers can be connected 

to this system. One or two sets can be connected to an ADO -2 box. 
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and therefore has a high impedance, 
it attenuates the signal in the distribu- 
tion line only slightly. For this rea- 
son, a great many boxes can be con- 
nected to the line without attenuating 
the signal too much. 

The output of each box is taken 
from the cathode circuit of the cathode 
follower. Therefore, the only connec- 
tion between the input and the output 
is through the internal capacities of 
the tube, which are low. For this rea- 
son, there is practically no backward 
transmission (from output to input) 
of signals through the distribution 
boxes. This means that any signal 
feeding back from the local oscilla- 
tor of a set that is connected to the 
output of a distribution box will be 
very severely attenuated before it is 
applied to the distribution line of the 
system. The distribution boxes thus 
act as decoupling devices to prevent 
the receivers connected to them from 
interfering with each other. 

The manufacturer of this system of- 
fers several accessories that can be 
used to adapt it to meet various needs. 
For example, there is a matching 
transformer that permits the 72 -ohm 
distribution line of the system to be 
matched to a 300 -ohm line if it is 
necessary to use the latter with the 
antenna selected. 

Another accessory device is a chan- 
nel amplifier that is intended for use 
in low -signal areas or in installations 
in which the run of the coaxial dis- 
tribution line is so long that the sig- 
nal is attenuated too much. This 
amplifier contains four plug-in ampli- 
fier strips, each of which is a 6 -tube 
r.f. amplifier that is designed to handle 
a particular channel. There is an in- 
dividual gain control for each strip, 

an arrangement that permits the out- 
puts of all the strips to be adjusted 
to the same level. These individual 
outputs are applied to a mixing net- 
work from which they are fed to the 
main distribution line of the system. 

Each amplifier strip of this device 
has its own input. If an individual 
antenna is used for each station that 
is to be picked up, the transmission 
line from each antenna can be con- 
nected to the appropriate amplifier in- 
put. If a single antenna is to be used 
for all stations, however, an antenna 
matching network offered by the 
manufacturer must be used. This net- 
work consists of six tuned circuits 
connected in parallel across an input 
terminal that is connected to the trans- 
mission line from the antenna. Each 
circuit can be tuned over a range of 
20 mc., and their basic frequencies are 
staggered so that their combined range 
covers all the TV and f.m. frequencies. 
When this network is used, the an- 
tenna transmission line is connected 
to its input, and the proper outputs 
are connected to the individual in- 
puts of the channel amplifier. The un- 
used outputs of the network can then 
be used to trap interference if desired. 

Another network offered by the 
manufacturer is the reverse of the one 
just described. It is intended to be 
used to couple the transmission lines 
from as many as six individual an- 
tennas to the single coaxial distribu- 
tion line of the system. It is used only 
with unamplified systems, of course. 

Finally, the manufacturer offers 
noise filters for each TV channel. 
These are intended for use only with 
amplified systems. Each is installed 
just ahead of the amplifier for the 
channel for which it is designed. 
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The choice of the antenna to be 
used with this master system depends 
upon the location. If several stations 
lying in different directions are to 
be picked up, it is usually best to 
use an individual antenna for each, 
aiming it for best pick-up and mini- 
mum ghosting. If all the local sta- 
tions can be picked up well with one 
antenna, however, there is no need 
to use a separate antenna for each. 

In an apartment -house installation, 
the use of an antenna system of this 
sort is very desirable. Not only does 
it furnish each tenant an adequate 
signal for his set on each channel, but 
also it practically eliminates inter- 
ference between receivers. Its cost 
is fairly high but not excessively so, 
particularly if it is installed while 
the house is being built, since it is 

simple at that time to run the neces- 
sary distribution cable from one apart- 
ment to the next. 

DEALER INSTALLATIONS 

Dealer installations may be divided 
into two categories. One is the in- 
stallation used for demonstrating TV 
sets to prospective purchasers, the 
other is the kind that may be used 
in the service shop to assist the techni- 
cians in servicing TV receivers. 

An installation that is to be used 
to demonstrate receivers to prospec- 
tive buyers should be as good as it 
can be made. When a customer comes 
into a dealer's store to watch a tele- 
vision receiver, it should be working 
as well as possible. Many sales have 
been lost because of a poor demonstra- 
tion caused by a slip -shod installa- 
tion. Every available local channel 
should give a good clear picture. It 
is not sufficient to pick up one or two 

channels well and the rest poorly. 
The customer may appear willing to 
accept the explanation that this con- 
dition is due to the antenna, but in- 
wardly he may think that the inability 
of the set to produce good pictures on 
all channels is due to some fault in 

the set. Even if he believes that the 
defective operation should be blamed 
on the installation, he will probably 
not have a high opinion of a service- 
man who cannot make a satisfactory 
installation in his own store. 

There is another reason why the 
antenna installation should be the best 
possible. It is easier to tune in a 
television set on a strong signal than 
it is on a weak signal. When the sig- 
nal is strong and free from interfer- 
ence, there is little chance that the 
set will lose sync. Most customers 
like to operate a TV set themselves 
before purchasing it. If there is a 
strong signal available, they should 
be able to obtain a good clear picture 
very easily. This will impress them 
with the ease with which the receiver 
operates, which should be an excellent 
selling point for an aggressive sales- 
man. 

For these reasons, a master antenna 
system of the sort we just described 
is by all odds the best kind to use for 
dealer demonstrations. A small 
dealer, however, may not feel he can 
afford to install an elaborate system. 
In such a case, you can make a fairly 
inexpensive installation for him by us- 
ing a single antenna and a distribu- 
tion system like that shown earlier in 
Fig. 29 if his store is located in an 
area where the signal strength is high. 

Befóre connecting two or more tele- 
vision sets to the same antenna, how- 
ever, check the sets carefully to make 
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sure there will not be any interaction 
between them caused by radiation or 
feedback from their local oscillators. 
Incidentally, remember that sets hav- 
ing balanced and unbalanced inputs 
should never be operated together 
from the same antenna unless some 
device like the distribution boxes of 
the Jerrold antenna system is used. 

If the signal strength is not high 
enough to make it possible to operate 
several sets at once from the same an- 
tenna, the arrangement shown in Fig. 
31 can be used. Here all the sets are 
connected to the single transmission 
line through toggle switches. When 
one set is to be demonstrated, close 
the switch that connects it to the line, 
and open the other switches. 

The antenna should be located as 
far as possible away from the street 
and from any electrical devices to re- 
duce the noise pickup to the minimum. 
Shielded transmission line should be 
used so that there will be no line pick- 
up from noise -producing devices or 
from radiation of the local oscillators 
in nearby TV sets or f.m. receivers. 
Noise coming in through the power 
line can be reduced to a minimum by 
installing power -line filters at the out- 
lets to which the sets are connected. 

The transmission line should be 
tacked neatly in place and kept as 
much out of the way as possible. If 
the transmission line is left lying 
around loose, not only will it appear 
unsightly, but also there is the danger 
that someone may trip over the line 
and be injured. 

It is just as important to have a 
good antenna installation for a serv- 
ice shop as it is to have one for a 
dealer's showroom. The antenna must 
be capable of producing ghost -free 

pictures on all available TV channels. 
This is important to you as a service- 
man because ghosts can be caused by 
improper alignment of the TV re- 
ceiver. If the antenna installation in 
the shop is a poor one that produces 
ghosts, you may attribute ghosts to 
the installation when they are really 
caused by improper alignment. If so, 
you will find that the ghosts are still 
present when you return the set to 
the customer, and all attempts to 
orient the antenna to eliminate them 
will be useless. 

SET 
#1 

SET SET SET SET 
#2 

FIG. 31. This multiple installation is de- 
signed to permit several different sets to 
be connected to the same line one at a 

time. 

Another reason for having a good 
antenna is that the customer will fre- 
quently come into the shop to look at 
his set. Sometimes a customer be- 
lieves his set is defective when the real 
trouble is that he made the installa- 
tion himself and failed to do it pro- 
perly. If such a customer comes into 
your shop and sees the set operating 
properly, giving clear, sharp pictures 
on all available TV channels, it will 
be much easier to convince him that 
the trouble is due to his installation. 
On the other hand, if ghosts are pres- 
ent and the picture is poor in your 

35 



shop as well as in his own location, 
it's going to be rather difficult to con- 
vince him that his installation is at 
fault. 

Again, a master antenna system like 
the one described earlier is the best 
kind to use in a service shop. If you 
do not want to use such a system for 
some reason, you should install two 
sets of antennas-a high -band -low - 
band folded dipole and a similar plain 
dipole. Use 300 -ohm (preferably the 

shielded kind to eliminate line pick- 
up) for the folded dipole, and 72 -ohm 
line for the plain dipole. 

In either case, there should be con- 
nection terminals at various conven- 
ient points along the service bench. 
At each point, there should be a con- 
nection both to the 300 -ohm balanced 
transmission line and to the 72 -ohm 
coaxial line. This arrangement makes 
it possible to service either kind of 

set at any location along the bench. 
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Lesson Questions 
Be sure to number your Answer Sheet 62B.H-2. 
Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they mail their set of answers immediately. Others, knowing they will finish the next Lesson within a few days, send in two sets of answers at a time. Either practice is acceptable to us. However, don't hold your answers too long; you may lose them. Don't hold answers to send in more than two sets at a time or you may run out of Lessons before new ones can reach you. 

1. When a leading ghost is caused by direct pickup in the front end of a set, 
what two steps should be taken to get rid of it? 

2. Name two causes of tunable ghosts. 
3. If a number of vertical bars appear on the face of the picture tube, is the 

frequency of the interfering signal (a) lower than, (b) equal to, or (c) 
higher than that of the horizontal sweep? 

4. Which kind of resonant circuit does an open quarter -wave stub act like: 
(1) a parallel resonant circuit; or (2) a series resonant circuit? 

5. If it proves impossible to eliminate f.m. interference on channel 2 by using 
a stub or a trap and re -orienting the antenna, what other remedy should 
you try? 

6. If a carrier of the channel below the one to which the set is tuned causes 
interference, which ONE of the following traps should you adjust: (a) the 
sound trap, (b) the adjacent -channel sound trap, or (c) the adjacent -chan- 
nel picture trap? 

7. What kind of antenna should you use, even in a strong signal area, if igni- 
tion noise is a problem? 

8. When interference from a TV set causes a nearby a.m. set to have birdies 
about every 15 kc., what circuits in the TV set are likely to be causing 
the trouble? 

9. If the signal from one station is excessively strong at a particular location, 
how can you reduce its strength without affecting the response of the set 
for other stations? 

10. If several sets are to be operated from the same antenna, but the addition 
of the extra sets reduces the signal strength too much, what two things 
should you try before considering the use of a special master -antenna 
system? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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Why Do You Want to Succeed? 
There are several answers to this question. You 

may want to succeed for the very human reason that 
you want more money with which to enjoy life, or 
you may have a family for whom you want to pro- 
vide those comforts they so well deserve-a home, a 
new car, good clothes, life insurance, and financial 
security. 

Your ambition to succeed may he prompted by 
the desire to bring happiness to an aged father, 
mother or relative whose chief hope in life is to 
see you enjoy prosperity and prestige, to see you on 
the pinnacle of success. 

Pause for just a minute and think-what is your 
reason for wanting success? With this reason in 
mind, resolve firmly that you will never allow your 
ambition to weaken. Resolve that you will never 
swerve from the direct path to your goal. Make 
this resolution now and keep it, so the years to 
come will be happier and more prosperous for you. 
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TV SERVICING TECHNIQUES 

TELEVISION RECEIVER ser- 
vicing is in general the same as 

sound -radio receiver servicing. The 
same basic troubles exist, the same 
tools and test equipment are used, and 
the same general servicing procedures 
are followed in localizing the troubles. 
Once the successful radio serviceman 
has learned the fundamentals of tele- 
vision circuits, therefore, he can adapt 
himself to television servicing without 
too much trouble. The most success- 
ful TV servicemen are today being 
drawn from the upper ranks of radio 
servicemen, and this practice will 
probably continue indefinitely. 

We strongly recommend, therefore, 
that you become an expert radio ser- 
viceman before doing any television 
servicing. Obviously, you will be able 
to find your way around easier in a 5 - 
or 10 -tube sound receiver than in a 
20- or 30 -tube TV set. Once you have 
developed your ability to use effect -to - 
cause reasoning and professional isola- 
tion procedures on sound receivers to 
such a point that servicing them be- 
comes routine, you will be ready to 
apply your knowledge to the more 
elaborate television receiver. When 
you do, you will find that TV sets con- 

tain the same kinds of resistors, coils, 
condensers, and tubes as do sound re- 
ceivers, plus a few special parts. The 
same troubles-open circuits, short 
circuits, and changes in value-occur 
in all these parts, and the same basic 
methods of testing them are used. 

The use of a large number of stages 
in a television set makes it somewhat 
difficult at times to localize the trouble, 
but in many cases the very complexity 
of a television set is helpful. As we 
shall show later in this Lesson, the fact 
that you have separate paths for the 
sound, sync, and picture signals will 
often let you identify the section or 
even the stage containing the trouble 
just by watching the picture and 
listening to the sound. Before you can 
do so, however, you must have a com- 
plete understanding of the circuits in- 
volved. 

As you know, there are many pos- 
sible variations of the basic TV cir- 
cuits. Obviously, you must determine 
what arrangement of stages is in use in 
the set on which you are working. In 
television servicing, therefore, even the 
expert must rely heavily on circuit 
diagrams. As we shall show later in 
this text, the circuit diagram can be 
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used to speed up the service procedure 
to a remarkable extent. 

However, it is important to have the 
proper circuit diagram. Many sets 
having the same model number are 
radically different from each other 
because improvements have been in- 
corporated in the model after a few 
thousand sets were produced and 
shipped. It is not uncommon to find 
five or six different runs of the same 
model, some using as many as two or 
three tubes more or less than others 
bearing the same model number. 
Eventually, of course, such radical 
changing of sets during production will 
die out; but in the meantime, the ser- 
viceman in the television business 
must make an effort to keep up-to- 
date with the latest service informa- 
tion. If you handle only one particular 
line, you can get the information from 
the manufacturer. If you run or work 
in a general service shop in which you 
may be called upon to fix all types of 
sets, however, you need the television 
service manuals that cover all sets. 
These are similar to the radio receiver 
service manuals with which you are 
familiar. 

In this Lesson, we shall assume that 
you are a radio serviceman and know 
the professional procedures that have 
been described in your Lesson on radio 
servicing. If you have not yet become 
expert in these procedures, you must 
do so to get the fullest use from this 
Lesson. Even if you are not yet ready 
for TV servicing, however, you will 
find the basic procedures understand- 
able and can learn what to expect. 

Table 1 

6AG5 6BA6 6BG6G 
6AU6 6K6GT 6V6G 
6AL5 5U4G 5V4G 
6SN7GT 1B3G 6AC7 
6J6 12AU7 6W4GT 

Now let's review TV parts and learn 
more about the kinds of defects that 
may occur in them. 

TV RECEIVER PARTS 

Most of the tubes used in television 
receivers are of the miniature type, 
because they have low inter -electrode 
capacities and permit the use of com- 
pact circuit arrangements. Two of 
these are likely to be different frorr 
any tubes used in even late -model 
sound receivers. One is the high -volt- 
age rectifier; the other is the horizon- 
tal output tube, which in an electro- 
magnetic sweep system is usually a 
special type in which the plate lead is 
brought to a top cap. Table 1 gives 
a list of the 15 tubes most commonly 
found in TV receivers; this list will be 
helpful in arranging a stock. Of 
course, this list refers to present re- 
ceivers, and there may be changes in 
the future. Further, these are the 
most -used tubes-not all that are 
used. TV sets generally use more 
different tube types per set than is 
common in sound receivers. In a 30 - 
tube TV set, for example, there may 
be 17 or more different types of tubes 
used-only one of most types, but 
three or four of some of the others. 
Obviously, your stock must contain 
all the tubes that are used in the sets 
you may have to service. 

Because tube capacities are made 
use of in some television circuits, it 
sometimes happens that a tube will 
operate in one circuit but will not in 
another in the same set. A typical 
example is the case in which tubes of 
the same type are used as the local 
oscillator and as an r.f. amplifier. A 
tube that is used as a replacement for 
the r.f. oscillator must have internal 
capacities somewhat like those of the 
original tube if it is to operate without 
requiring a realignment of the set. On 
the other hand, much of the capacity 
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difference is swamped when the same 
tube is used as an r.f. amplifier. A 
tube tester does not show tube capaci- 
ties, so only a trial of several tubes 
will permit you to find the best one. 
Those that aren't usable in one place 
can be saved for the circuits in which 
their capacities are less important. 

Certain stages are hard on tubes. 
For example, some of the sweep am- 
plifiers pass rather high peak currents, 
although their average currents are 
not much greater than normal for the 
tube type. However, a tube that is 
operated in this manner may have a 
shorter life than it would have in some 
of the other circuits in the receiver. 

Tube defects are by far the most 
common difficulty encountered in a 
TV set-far more so than in a radio, 
both because TV circuits are more 
critical in their operation, and because 
many of the other parts that might be 
expected to break down occasionally 
are quite commonly oversize in TV 
sets. For example, it is very common 
to find practically all of the resistors 
to be 1 -watt or 2 -watt sizes instead of 
the familiar 1/2- and 1/4 -watt types 
that are ordinarily used in radio sets. 

Engineers were quite cautious in 
setting the original ratings for early 
TV sets because they did not want 
parts failures and consequent repair 
bills to set back the introduction of 
television too much. In addition, not 
too much was known about the exact 
limits of parts values for television 
purposes. It was well known that the 
eye is quite sensitive to changes in the 
picture, but it was not very well real- 
ized how great a difference in certain 
part values could occur before the 
picture was seriously affected. There- 
fore, most of the resistors were made 
oversized in their wattage ratings to 
avoid drifting and changes in value 
caused by temperature rises. (Heat is 
more of a problem in a TV set than it 
is in a radio, because a TV set con- 

tains many more tubes, all of which 
radiate heat.) It has since been dis- 
covered that some resistors were made 
unnecessarily high in rating. 

On the other hand, it has been 
found that certain circuits are even 
more critical than was originally ex- 
pected, with the result that some parts 
have to be held to closer tolerances 
than is usual in radio receivers. It is 
rather common to find resistors having 
5% and 10% tolerances instead of the 
20% tolerances that are acceptable in 
most radio circuits. 

Another change is that the electro- 
lytic condensers used in TV sets are 
designed to operate under higher sur- 
rounding temperatures than are nor- 
mally found in radio receivers-in 
fact, they are given temperature rat- 
ings in addition to the usual capacity 
and voltage ratings. For this reason 
exact duplicates should be used for 
replacements of electrolytic condensers 
in TV receivers. 

Many of the paper by-pass con- 
densers used in TV circuits have high 
voltage ratings-some of them ex- 
tremely high. An example is the 
coupling condenser used between the 
Sweep output stage and the deflection 
plates of an electrostatic tube system, 
which may be rated at 6000 to 10,000 
volts. 

The insulation between the plates of 
most of the coupling condensers and 
of many of the by-pass condensers is 
ceramic rather than paper. Ceramic 
condensers are preferred because they 
can be very small and yet have high 
capacity. Their smallness makes it 
easier to fit them into a crowded tele- 
vision chassis, and minimizes the stray 
capacity between the condenser itself 
and the chassis. In addition, their 
smallness makes it possible to use very 
short leads, thus reducing the induc- 
tive effects of these leads and permit- 
ting the condenser to be a more effec- 

3 



tive high -frequency by-pass. Some of 
these condensers, incidentally, look 
just like resistors. Others are wafers 
that look like dimes with leads. 

Finally, there are a few parts that 
are found only in TV sets; such as 
deflection yokes, focus coils, sweep 
output transformers and blocking - 
oscillator transformers, to name the 
most important ones. These special 
parts are often designed for one par- 
ticular receiver and must be replaced 
by exact duplicates if they fail. 

Because any disturbance of wire 
position can be disastrous in high - 
frequency circuits, you must be sure 
to put in replacement parts that are of 
the same physical sizes as the originals 
and be certain that they are in the 
same positions and have the same lead 
dress (position) as the original parts. 
Because of this requirement, you can- 
not follow the common radio.practice 
of installing a new part anywhere in 
the circuit that the proper electrical 
connections can be made. Further, if 
there is a defect in only one section of 
a multi -section part, such as a multi- 
ple filter condenser, you must some- 
times replace the whole part so that 
the replacement can be installed in the 
right position. 

It is particularly important to con- 
nect a replacement part to exactly the 
same points as the original. As you 
learned elsewhere, many tube circuits 
use separate cathode leads to reduce 
cathode inductance effects. In such 
cases, the by-pass condensers must be 
brought back to the proper cathode 
terminal to prevent circuit interaction. 

Of course, in making a replacement, 
it is important not to move the wires 
that are already in the circuit any 
more than is necessary, because the 
positions of many of these wires will 
be quite critical. 

At first it may seem that you will 
need hundreds of special sizes of parts 
to be able to service the many different 

TV models. Fortunately, however, TV 
sets in general follow five or six basic 
designs used by the leaders, such as 
RCA, DuMont, GE, Admiral, and 
Philco; as a result, a stock of replace- 
ment parts does not have to be too 
extensive. Furthermore, television is 
now chiefly restricted to the larger 
cities, where the presence of whole- 
sale distributors simplifies the stocking 
problem. By the time television sta- 
tions are in the smaller communities, 
in all likelihood the circuits will be 
much more standardized than they are 
now so that not too great a stock will 
meet most service emergencies. 

Although picture tubes have proved 
to have much longer life than was an- 
ticipated at first, they must be re- 
placed from time to time. Since pic- 
ture tubes are expensive, it is not wise 
to stock them if replacements are 
readily available from any nearby 
supply house or distributor. 

Naturally, if you work for or be- 
come an official service center for a 
particular brand of receivers in a par- 
ticular locality, you will be expected 
to stock a rather complete assortment 
of parts for that brand. The manu- 
facturer or his distributor for your 
locality will help you to select the 
proper assortment. 

TV TROUBLES 

In this and the following Lessons, 
we shall assume that you have been 
called upon to fix a set that has a 
definite service complaint. In prac- 
tice, you will often be asked to fix a 
set that is simply out of adjustment 
or that is bothered by outside inter- 
ference. We shall not, however, re- 
peat here the information given in 
earlier Lessons on adjusting TV sets 
and eliminating TV interference. 

One thing you must keep in mind is 
that different brands of sets may differ 
considerably in their picture reproduc- 
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tion and sound quality. Some sets 
have very high sensitivity and are in- 
tended to operate well in the fringe 
areas. Others will operate acceptably 
only in areas where the signal strength 
is high. If you find that a customer's 
set is not the type he should have for 
his particular desires or location, you 
should recommend a more appropriate 
one. Don't try to modify his set to 
make it work-set designing is not 
your job. 

You are quite likely to get a number 
of calls from customers who misin- 
terpret operating instructions or do not 
understand the limits of their sets. 
When you start in business, therefore, 
familiarize yourself as quickly as pos- 
sible with the characteristics of the 
receivers that are sold in your locality 
so you will be able to set these cus- 
tomers right. 

Of course, a TV set amounts to a 
double receiver containing both a 
sound and a picture section. Ordi- 
narily, if the picture is normal, but 
the sound is absent, distorted, or 
otherwise affected, you can consider 
that only the sound channel is de- 
fective, and you can service it much 
as if it were just an f.m. sound re- 
ceiver. In general, we shall assume 
that you have the ability to run down 
any such complaints as these, and we 
shall confine our discussion to service 
complaints in which the picture is 
affected. 

There are really only two service 

complaints as far as the video section 
of a TV set is concerned. Either the 
set is dead (by which we mean that 
there is no picture, whether or not 
part of the set is operating) or the 
picture is distorted in some manner. 
There are so many ways in which a 
picture can be distorted, however, that 
we shall divide this complaint into the 
following three classes: 

Class 1-picture distortions that are 
caused by improper adjustment of the 
controls on the set or by defects that 
produce the same effect on the picture 
as a misadjustment does. In this class 
are all conditions involving sync and 
sweep defects in which the picture 
would be normal if the proper syn- 
chronization or the proper linearity in 
the sweep could be obtained. Also in- 
cluded are conditions in which the 
picture is out of focus, not centered, 
or tilted. 

Class 2-picture distortion in which 
the picture is normal except for an 
overlaid pattern or smear that is 
caused by a defect in the set. A pic- 
ture that has hum in it or that lacks 
detail because of loss of low- or high - 
frequency response caused by defects 
is in this category. 

Class 3-picture distortion caused 
by receiver mis -alignment. Included 
here are i.f. oscillation and lack of 
high -frequency response caused by 
mis -alignment. 

Now, let's take up the basic servic- 
ing procedures. 

Test Procedures and Instruments 
Television receiver servicing can be 

treated in the same straightforward, 
logical manner as sound -radio ser- 
vicing; as a matter of fact, the basic 
service procedure is the same for both. 
Fig. 1 gives the 10 -step plan for 

quickly localizing the trouble. Let's 
consider each of these steps: 

1. Determine the Complaint. 
Your time as a TV serviceman is too 
valuable to be wasted in unnecessary 
service calls, so it is important that 
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you first determine that an actual 
service complaint exists. If the set 
owner has called you on the telephone, 
a little careful questioning may let 
you diagnose the trouble as something 
as simple as the fact that the set is 
not plugged into a power outlet or 
that the customer is trying to operate 
the receiver improperly. 

In questioning the customer, re- 
member that he does not speak your 
language; ask questions that will give 
you the information you need. By 
asking him to describe exactly what 
it is he can see on the screen of the 
tube or can hear from the loudspeaker, 
you can get a much better idea of the 
exact nature of the complaint. 

If it is impossible to suggest any- 
thing over the telephone that the cus- 
tomer might do to localize the trouble 
himself, you need to know the make 
and model number of the set (if you 
do not have this information on file) 
and must make a service call. 

If the customer brings his set into 
your shop, you will ordinarily plug it 
in and go on to step 2 at once. Even 
so, question the customer carefully to 
determine how the set was performing 
just before the breakdown that he is 
complaining about occurred. Some de- 
fects will mask others that existed 
previously. Be particularly suspicious 
of a dead set, because when you have 
restored it to life, you may find that 
another trouble is present that was 
hidden by the one complained about. 

2. Confirm the Complaint. It is 
best to have the customer himself op- 
erate the receiver to demonstrate the 
complaint. By watching him, you can 
tell if he just needs further instruction 
or if an actual defect exists. Once you 
are sure that the customer has made 
no error in describing the difficulty 
and that he is operating the set prop- 
erly, you can go on to localize the 
trouble. 

* I. DETERMINE 
THE COMPLAINT 

BY QUESTIONING CUSTOMER 

*2. CONFIRM 
THE COMPLAINT 

BY CHECKING PERFORMANCE 

* 3. Effect -To -Cause REASONING 
TRY TO FIGURE OUT THE LOGICAL CAUSE 

FOR THE OBSERVED EFFECTS B GO DIRECTLY 
TO THE DEFECTIVE SECT/ON, STAGE OR PART, IF 
POSSIBLE. IF NOT, FOLLOW REMAINING STEPS. 

K 4. INSPECT FOR 
SURFACE DEFECTS 

BY USING EYES, EARS 8 NOSE 

* 5. ISOLATE THE 
DEFECTIVE SECTION 

BY PROFESSIONAL TECHNIQUES 

* 6. ISOLATE THE 
DEFECTIVE STAGE 

BY PROFESSIONAL TECHNIQUES 

* 7. ISOLATE THE 
DEFECTIVE CIRCUIT 

BY PROFESSIONAL TECHNIQUES 

* 8. ISOLATE THE 
DEFECTIVE PART 

BY PROFESSIONAL TECHNIQUES 

*9. Repair or Replace 
DEFECTIVE PART 

*10. CHECK 
PERFORMANCE 

FIG. 1. You will find that this 10 -step 
servicing procedure is as effective when 
you are locating and repairing defects in 

TV receivers as it is for radio sets. 

s. 
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You should make sure at this time 
that the trouble is caused by a defect 
in the set and not - by outside inter- 
ference. This should not be particu- 
larly difficult, since oscillation and in- 
ternal noise are about the only set de- 
fects that will produce an effect on the 
picture that will resemble the pattern 
caused by outside interference. The 
best way to tell whether outside inter- 
ference is to blame, when you see such 
patterns, is to try the set in a different 
location (such as your shop). You 
might also try a test receiver at the 
customer's location; however, if the 
responses of your test receiver and the 
customer's set are very different, such 
a test may be misleading. When you 
have learned enough about the re- 
sponses of the sets that are common in 
your vicinity, you will be able to com- 
pare the picture on your test receiver 
with that on the customer's set and 
determine at once whether any differ- 
ences you observe are caused by a de- 
fect or by the difference in response. 

3. Effect -to -Cause Reasoning. 
Once you have determined and con- 
firmed the complaint, you should try 
to apply reasoning just as you would 
in radio service work. Often the in- 
dications given by the picture or the 
sound will lead you directly to the 
section, stage, circuit, or even part 
that is defective. Of course, if these 
indications are so general that reason- 
ing is inconclusive, you must make 
isolation tests. During such tests, and 
after each test, however, don't fail to 
try to re -apply reasoning; every step 
you can cut out means that you will 
service the set that much quicker. 

4. Inspect for Surface Defects. 
Although this is given as a separate 
step, it may well be a part of the con- 
firmation of the complaint or the ef- 
fect -to -cause reasoning processes. 
Look for such possibilities as a 
burned -out tube, plug out of the wall 
socket, antenna disconnected, etc., be- 

fore you make any effort to remove the 
chassis from the cabinet. You will 
want to see if the tubes light or get 
warm, sniff for odors indicating over- 
loaded parts, and listen for noises and 
watch the screen of the picture tube 
as you rotate the controls while try- 
ing the set. 

If you find it necessary to remove 
the chassis, again make a careful in- 
spection. A burned -out resistor or 
shorted condenser may be entirely ob- 
vious once you have the chassis in a 
position where you can examine the 
parts underneath it. 

5. Isolate the Defective Section. 
As we shall point out later in this text, 
many clues may be present that will 
help to determine what section of the 
set may be at fault. The fact that 
both the picture and the sound may be 
affected by some complaints, whereas 
other complaints will affect only one 
or the other, means that you can de- 
termine quickly the approximate loca- 
tion of many common troubles. By re- 
applying effect -to -cause reasoning 
once you have learned which section 
is defective, you may be able to go at 
once to the defective stage, circuit, or 
part. On the other hand, it may be 
necessary to make further tests to de- 
termine just where the defect is. 

6. Isolate the Defective Stage. 
The same basic professional servicing 
techniques that are used in radio re- 
ceiver servicing can be used to check 
through the defective section to isolate 
the stage at fault. Once you have lo- 
calized the trouble to the stage, ef- 
fect -to -cause reasoning will lead you 
to make certain definite tests. In par- 
ticular, unless the trouble is obviously 
not due to a tube defect, another tube 
should be tried. Do not depend solely 
on a test in a tube tester. A tube tester 
cannot be expected to show if a tube 
will work as a blocking oscillator or 
as a horizontal sweep amplifier, for ex- 
ample. 



7. Isolate the Defective Circuit. 
If the trouble proves not to be the 
tube, and effect -to -cause reasoning 
does not disclose the circuit or part, 
then proceed with the usual voltage 
measurements, continuity tests, and 
other service procedures for deter- 
mining the defective circuit. 

8. Isolate the Defective Part. 
Once you have run the trouble down 
this far, it is usually possible to go 
right to the most logical part that 
could be the cause of the trouble. 
However, it may be necessary to con- 
tinue the testing procedure within the 
circuit you have found to be defective 
until you actually do localize the part. 
We'll go into these localization pro- 
cedures in more detail elsewhere, but 
in general they are identical with the 
procedures that you have been using 
on sound radio receivers. 

9. Repair or Replace the Defec- 
tive Part. In most cases, you should 
use an exact duplicate replacement for, 
the defective part. In some circuits, 
in particular, the physical size of the 
replacement is important; you would 
do well to use the same brand of part 
in such places. In other circuits, you 
will not need to use the same brand 
as long as the electrical characteristics 
of the replacement are identical with 
those of the original one. Remember 
that the tolerances of TV parts are 
often closer than those of parts used 
in radio sets. 

10. Check Performance. Try the 
receiver to make sure the customer's 
complaint has been eliminated. It is 
always desirable to demonstrate to 
the customer that his complaint has 
been corrected and, in cases involving 
possible misadjusment, to have the 
customer try out the set in your pres- 
ence. This will give you an additional 
opportunity to instruct the customer 
in the operation of the set and to clear 
up misunderstandings about the char- 
acteristics of the set or its operation 

After you have completed the re- 
pair, it is an excellent idea to allow the 
set to play for á fair length of time 
to be sure no intermittent defect is 
present. However, this procedure is 
not practical when the set is serviced 
in the home of the customer, (which is 
a common occurrence in TV serv- 
icing), so you may be forced to leave 
the set in the hands of the customer 
and thus face a possible call-back in 
some cases. 

SERVICING PROCEDURES 

The procedures that are used to lo- 
calize the defect and to check for the 
defective part are the same as those 
you would use in radio service work. 
That is, you have circuit disturbance, 
signal injection, signal tracing, stage 
blocking, etc., as your means of lo- 
calizing the defect. Naturally, these 
tests do not operate even in a radio re- 
ceiver for every single complaint in 
exactly the same manner, and this is 
even more true in television. 

Circuit Disturbance. For example, 
the circuit disturbance test can be per- 
formed only on a set that has a power 
transformer and no tube circuits or 
tube filaments in series, just as in the 
case of a sound receiver. Anywhere in 
the path containing the sound system, 
the circuit disturbance test will opera - 
ate just as it would for a radio re- 
ceiver. In the video circuits, however, 
the circuit disturbance caused by pull- 
ing out a tube will result in a flash of 
light on the picture tube screen. The 
flash won't get any brighter as you in- 
terrupt circuits farther along in the 
signal chain, so such a test is of value 
only in the case of a dead set. The 
test is not greatly used even on a dead 
set, however, because as we shall 
show, effect -to -cause reasoning will 
usually lead right to the defective sec- 
tion. 

Signal Injection. Signal injection 
may be used in the video circuits even 
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though there is no picture, as long as 
there is a raster on the picture tube. 
Even a tone -modulated signal gener- 
ator will produce a pattern (a series 
of bars) on the picture -tube screen. 
Generators designed specifically for 
television service work are modulated 
so that their signals produce certain 
characteristic patterns on the picture - 
tube screen that are useful for tele- 
vision servicing. One such generator, 
for example, has an output that will 
produce a series of dots of light that 
will completely cover the screen if the 
signal gets through from the point of 
injection to the grid of the picture 
tube. 

Signal Tracing. The signal tracer 
with which a great deal of sound radio 
service work is done does not ordi- 

video, sync, and sweep circuits. A 
schematic of a typical crystal probe 
is shown in Fig. 2; more details on the 
use of the oscilloscope will be given 
elsewhere. 

As we shall point out, the division 
of a television receiver into sections in 
itself provides a certain amount of 
"signal tracing," and certain other 
checks can be made within the set to 
secure the results that signal tracing 
would give. For example, on a dead 
set, it is possible to connect a d.c. volt- 
meter across the video detector load 
and then to switch from channel to 
channel by tuning the set. If there is 
any change in the voltage across the 
load as the various channels are tuned 
in, you know that a signal is reaching 
this point and is being rectified by the 

FIG. 2. Schematic of a crystal probe. 

narily tune to frequencies sufficiently 
high to be fully useful on TV sets. We 
can expect that TV tracers will be 
made available eventually, however. 
In the meantime, crystal detectors 
built into probes provide a way of ob - 

staining a signal from a TV carrier 
that can be amplified by the audio 
stages of the tracer. 

Most of the signal tracing that is 
being done in TV is with the cathode- 
ray oscilloscope, because it can be 
used not only to find out whether a 
signal is present or not but also to 
show the wave shape; hence, it is quite 
useful in running down sources of dis- 
tortion as well as in locating the de- 
fect causing a dead set. A crystal de- 
tector probe is used for tracing in the 
stages ahead of the video detector, but 
the oscilloscope is used directly in the 

detector. The trouble must then be 
between this point and the picture 
tube. 

Even better, the audio amplifier it- 
self can be used for signal tracing to 
a certain extent. For example, the 
sweep circuits produce audio fre- 
quencies. It is possible to use an audio 
signal tracer to follow from the oscil- 
lator through the output of the sweep 
circuit when trouble is encountered in 
this section. Alternatively, by using a 
blocking condenser and a test lead, 
you can feed the signal into the grid 
of the first audio tube and thus use 
the audio amplifier of the television 
receiver as a tracer. 

TV TEST EQUIPMENT 
Once trouble has been localized to a 

stage, you will use a multimeter to 
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measure voltages and to check resist- 
ance just as you would in a radio re- 
ceiver. As a matter of fact, you can 
take voltage readings throughout the 
set to locate the defective section and 
stage if no other test suggests itself. 

The ordinary multimeter that is de- 
signed for radio service work is en- 
tirely adequate for most of the check- 
ing that needs to be done in a tele- 
vision set. In general, it is advisable 
to have a multimeter that has ex- 
tended low and high ohmmeter ranges, 
because TV resistors vary from just 
a few ohms to 10 megohms and more 
Most of the modern 20,000 -ohm -per - 
volt multimeters are capable of giving 
the required ohmmeter ranges. 

Vacuum -tube voltmeters are also 
popular, because their high input re- 
sistance makes it possible to obtain 
more accurate readings in high -resist- 
ance circuits. 

High -Voltage Readings. The mul- 
timeter cannot ordinarily be used to 
measure the high voltage that is sup- 
plied to the second anode of the pic- 
ture tube. Servicemen get around this 
in two ways; they make a rough check 
by determining how long an arc they 
can draw from the power supply, or 
else they buy a high -voltage multi- 
plier to go with their multimeter. 

In checking a voltage by drawing 
an arc, a screwdriver with a well -in- 
sulated handle is used. The screw- 
driver blade is touched to some 
grounded bracket or part on the chas- 
sis, then the tip of the screwdriver is 
brought near the high -voltage termi- 
nal, and the spark that jumps the gap 
from the high -voltage terminal to the 
screwdriver tip is observed. The dis- 
tance the spark will jump is propor- 
tional to the voltage, and with experi- 
ence it is possible to guess roughly 
what the voltage is by this method. 

Of course, there is some danger in 
this method, and it is far more ac- 

curate to make an actual measure- 
ment. For this purpose, a multiplier 
like the one shown in Fig. 3 is used. 
Such a multiplier consists of a high re- 
sistance built right in the tip of a test 
probe made especially for the purpose. 
This resistance acts as a voltage di- 
vider with the internal resistance of 
the multimeter so that the multimeter 
range is extended. Of course, the 
amount of resistance needed in a test 
probe depends on the sensitivity and 
ranges available on the multimeter. In 
general, however, these multipliers are 
designed to go with 20,000 -ohm -per - 
volt meters or vtvm's and extend the 
range to as much as 50,000 volts. 

Courtesy Precision Instruments Co. 

FIG. 3. High -voltage multiplier probe. 

It is extremely important to realize 
that this multiplier is engineered for 
the purpose. The resistance is right 
at the tip, so that the high voltage is 
beyond the hand holding the test 
probe. A ring is on the probe to pre- 
vent the fingers from slipping down 
and possibly touching the high -voltage 
terminal. 

In addition to this high -voltage test 
probe, it is desirable to use test leads 
that are intended for use in high -volt- 
age circuits. After a few years of use, 
most test leads have frayed insulation. 
Since there is always the chance that 
a lead will make contact with the 
high -voltage circuit when you are 
making measurements, you should re- 
place your test leads from time to time 
with new ones that have insulation 
capable of withstanding such voltages. 
We shall later refer to these as leads 
with high -voltage insulation. Be sure 
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to remember the difference between 
these and the high -voltage multiplier 
lead that has the built-in resistor. 

Tube Tester. A vitally necessary 
piece of equipment for TV servicing is 
a tube tester. This can be of the same 
type as those used for radio receiver 
servicing, since the tubes are similar. 
However, it must be a late model, 
capable of testing the newest tubes, 
because television receivers use the 
latest miniature types. As we have 
said, a tube that tests good in a tube 
tester will not always work in TV cir- 
cuits in which the interelectrode ca- 
pacities of the tube are used as part of 
the circuit capacity. However, when a 
tube registers bad in a tube tester, it 
definitely should be replaced; for this 
reason, a tube tester is a handy instru- 
ment for finding defective tubes. 

Oscillators. A signal generator like 
that commonly used for radio service 
work is a standard piece of equipment 
for TV servicing. A man going into 
television service work should pur- 
chase a high-grade signal generator 
capable of producing frequencies in 
the TV i.f. ranges from 10 to 50 mc. 
and of covering the TV bands from 60 
to 215 megacycles. When you buy a 
signal generator for TV service and 
alignment, get the best one that you 
can afford. A high degree of accuracy 
in the frequency calibration is neces- 
sary; in fact, some of the best ones are 
crystal oscillators with crystal selec- 
tors or exchangeable crystals. One 
with a calibrated attenuator, giving 
output in microvolts, is helpful. 

In addition to the standard signal 
generator, a wobbulated or sweep sig- 
nal generator is highly desirable be- 
cause of its ability to produce a trace 
pattern of the over-all frequency re- 
sponse. We shall discuss both types of 
oscillators in more detail in the text- 
book on alignment. 

In addition to the r.f. oscillators, a 
good audio oscillator is desirable, and 

certain other special signal generators 
such as a cross -hatch unit will prove 
helpful in many instances. (These in- 
struments will be covered elsewhere.) 

R -C Tester. Another standard 
service instrument that is very much 
used in TV service work is the R -C 
tester. It is particularly important to 
be able to check TV condensers for 
their capacity and leakage values. 
The resistances used in many circuits 
are so high that even a very small 
amount of leakage in condensers is 
objectionable. There are only two ef- 
fective ways of testing for leakage: 
one is to use an R -C tester, and the 
other is to measure the voltage devel- 
oped across a known resistance in the 
circuit. An ohmmeter is not of much 
use in measuring leakage: for one 
thing, leakage resistance is so high 
that an ordinary ohmmeter cannot 
measure it; and for another, the leak- 
age will often disappear unless the 
normal operating voltage is across the 
condenser. 

Signal Tracer. As we said earlier, 
the signal tracer is not of as wide use 
in TV work as it is in sound -receiver 
servicing. However, as demand grows, 
it is quite likely that signal tracers 
more useful for TV service work will 
be developed. 

Oscilloscope. An oscilloscope that 
has sufficient sensitivity and that can 
pass the wide range of frequencies in- 
volved can be very useful in TV serv- 
icing. Such an oscilloscope makes it 
possible for you to see the wave shape 
in a great number of the TV circuits 
and thus to determine more definitely 
what is wrong in many of the troubles 
encountered. In general, the better the 
high -frequency response of the sweep 
amplifiers, the better able you will be 
to see the square and trapezoidal wave 
shapes. For alignment work, a high - 
frequency response out to 100 kc. is 
adequate, but if the oscilloscope is to 
be used for examining the video and 

11 



horizontal sweep signals, it will be 
necessary to go out at least to 2 mc. 
and preferably to 4 mc. The low -fre- 
quency response must be good down to 
30 cycles also if you are to observe the 
vertical sweep and sync voltages. 

The oscilloscope should be espe- 
cially designed for television work; in 
particular, it must have a low -capac- 
ity input so it can be connected to cir- 
cuits without upsetting them too 
greatly. 

Monitor. Finally, a very impor- 
tant piece of test equipment for the 
shop is a monitor receiver, which can 
be any TV receiver of good quality. 
In use, the monitor and the set being 
repaired are tuned to the same station. 

By comparing the pictures on the two 
screens, you can tell whether any dis- 
tortion you see on the screen of the 
set that is being repaired is caused by a 
defect in that set or by the signal be- 
ing transmitted. Because the quality 
of the transmitted picture often varies 
considerably, such a monitor receiver 
has considerable use. 

For some complaints, it may even 
be desirable to have a small portable 
set that can be carried along to the 
home of the customer. However, only 
practical experience will determine 
whether an investment in such a set is 
really worth while in your locality. 
We shall suggest several uses for 
monitor receivers as we go along. 

Handling TV Service Calls 
Before we discuss examples of typi- 

cal calls to indicate the procedure that 
you should use in determining and 
confirming the complaint, let us re- 
view the safety precautions that 
should be taken in working on TV re- 
ceivers and also point out how the 
chassis -handling procedures that you 
must use with TV sets differ from 
those you have used with radio re- 
ceivers. 

SAFETY PRECAUTIONS 
There are two basic dangers in a 

television receiver: the picture tube 
may shatter because of the very high 
forces existing on its surfaces; and the 
voltage applied to the picture tube is 
high enough to give a severe shock- 
perhaps even a fatal one. Early texts 
have given warnings about both these, 
which we shall summarize here. 

Picture Tube. Do not open the 
picture tube shipping carton or install, 
remove, or handle the tube in any 
manner unless you wear shatter -proof 

goggles and heavy gloves. People not 
so equipped should be kept away while 
you are handling the picture tube. 
Keep the picture tube away from your 
body when you are handling it. 

The large end of the picture tube 
bulb-particularly that part at the rim 
of the viewing surface-must not be 
struck, scratched, nor subjected to 
more than moderate pressure at any 
time. If the tube sticks or fails to slip 
smoothly into its socket or deflection 
yoke when you are installing it in a 
set, investigate and remove the cause 
of the trouble. Do not force the tube. 
Refer to the text on the installation 
of receivers for details on how the tube 
is installed. 

Picture tubes come from the factory 
in special shipping cartons and should 
be left in these cartons until you are 
ready to install them in receivers. 
This carton can then be used for stor- 
ing or carrying any defective tubes 
that you may remove in service work. 

Disposing of defective tubes is 
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somewhat of a problem. Of course if 
the tube is still within its guarantee, 
you will probably send it back to the 
manufacturer. However, when tubes 
are worn out and are out of guarantee, 
they must be disposed of so that they 
will not create a hazard to other 
people. Distributors may take back 
the tubes and dispose of them for you. 
If not, it will be up to you to get rid of 
the tube. One manufacturer suggests 
that the tube be sealed in its standard 
shipping carton and that a long spike 
then be driven into the face of the 
tube through the carton. The tube will 
shatter, but the shipping cartons are 
able to withstand the force of the im- 
plosion. 

You may see TV servicemen who do 
not take these precautions. These men 
are taking the risk of being badly 
disfigured or blinded by a shattered 
tube. Don't take chances-follow the 
manufacturer's recommendations in 
handling the tube. 

Also, don't arrange a window dis- 
play using an evacuated picture tube. 
Tube distributors can furnish tubes 
for this purpose that are not evacu- 
ated, or which have had air let in. 
These tubes cannot then implode, so 
they are safer for this purpose. 

High Voltage. The voltages used 
in TV receivers are in some instances 
very dangerous, and any high -voltage 
supply can deliver at least a severe 
shock. 

It is important to remember that a 
large charge is built up between the 
coatings on the inside and outside of 
the glass of a magnetic picture tube 
when the high voltage is applied to it. 
These coatings, which are insulated 
from each other, form a condenser; in 
fact, this is used as the output filter 
condenser in many cases. When the 
high voltage is removed from the tube, 
the charge remains, since there is no 
way for it to leak off. As a result, if 

you ever touch the high -voltage ter- 
minal of the tube at a time when you 
are in contact with the outer coating 
or with ground, you can get quite a 
shock. This shock is severe enough 
to cause you to drop the tube. 

It is necessary to be careful about 
this charge storage even with tubes 
that are still in their factory shipping 
cartons. These tubes are tested at the 
factory and may not have been dis- 
charged-and they are capable of 
storing a charge for a long period of 
time. Therefore, the fact that a tube 
is not in a receiver is no guarantee 
that it will not have such a charge on 
it. As a safety precaution, before han- 
dling any picture tube of this kind, 
short it by connecting a test lead 
(with high -voltage insulation) be- 
tween the external coating and the 
high -voltage connector on the tube. 

When the high -voltage supply is one 
of the older types operating from a 
60 -cycle source, it can cause a fatal 
shock. The flyback or r.f. supplies 
used in modern receivers are not as 
dangerous, but they can give a very 
unpleasant and severe shock that may 
cause you to hurt yourself by making 
you fall or jump back against some- 
thing. 

As a matter of fact, the regular B+ 
supply in most TV receivers is more 
dangerous than the high -voltage sup- 
ply, because so much charge is stored 
in the filter condensers. As a result 
of this storage, these supplies can fur- 
nish a high current; if you happen to 
connect yourself across the supply at 
a time when your skin is damp, it is 
possible to get a very dangerous shock 
even though the voltage levels are not 
excessively high. In other words, you 
should observe safety precautions con- 
stantly when you are working any- 
where on a television receiver-not 
just on a high -voltage supply. Among 
these precautions are: 
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When working on a TV set, do not 
stand on a concrete floor. If the shop 
has such a floor, stand on a board or 
other insulating material. 

Be very careful not to get yourself 
in the circuit by having both hands 
any place where they may complete a 
circuit through your body. As a safety 
precaution, "keep one hand in your 
pocket"-that is, force yourself to use 
only one hand in making measure- 
ments. This is easy to do if you clip 
one test lead to the chassis, then use 
just one hand to move the other lead 
about. 

It is extremely dangerous to grab a 
chassis or part if it starts to fall while 
you are making a measurement. 
Therefore, always securely support the 
chassis and other parts so that there 
is no danger of making this mistake. 

It is advisable to use a high -voltage 
test probe for measuring in the high - 
voltage supply rather than going 
through the risky practice of guessing 
at the voltage by drawing an arc with 
a screwdriver. The latter process can 
easily result in your getting a severe 
shock. 

Watch out for the unusually high 
voltages in the output tube circuits at 
the ends of the sweep chains. Not only 
is there danger of shock-if you forget 
that the voltages there are high, you 
can easily ruin your multimeter. 

The high -voltage supply is ordinar- 
ily enclosed in a shield, except, of 
course, for the lead that comes out to 
the tube. If there is a reason for you 
to work on the high -voltage supply, be 
very certain that the set is turned off 
before you remove this shield. The 
shield in many sets has an interlock 
switch that will automatically dis- 
connect the set from the power line 
when the shield is open. When the 
shield is opened, discharge the high - 
voltage filter condensers before you 
touch anything. In discharging the 
filter condensers, be very certain that 

you use a test lead having high -volt- 
age insulation and that you use only 
one hand to do so. 

HANDLING THE CHASSIS 

A major difficulty in television serv- 
icing is getting the television chassis 
and the picture tube out of the cabinet 
and setting them up to work on them. 
(For this reason, it is standard prac- 
tice to do as much servicing as possible 
with the chassis in the cabinet.) The 
easiest set to handle in this respect is 
one in which the picture tube is sup- 
ported by brackets on the chassis so 
that the tube and chassis come out of 
the cabinet together. More difficult is 
a set in which the front of the picture 
tube front is supported by the cabinet; 
here the picture tube must be removed 
from the cabinet before the chassis can 
be taken out. In a set in which the pic- 
ture tube is completely cabinet sup- 
ported, the chassis can usually be re- 
moved without taking out the picture 
tube. However, for many service pro- 
cedures the picture tube must be 
plugged in and operating, so you must 
find a way to support the tube in an 
appropriate position outside the cabi- 
net or to bring the chassis close enough 
to the cabinet so that you can make 
the proper connections to the tube. 

Finally, there are sets in which the 
chassis itself is divided into a number 
of sections, each of which is mounted 
separately. Once the defect has been 
localized, it may be possible in such 
a set to remove and service only the 
defective section without having to 
take the tube and all the rest of the 
set out of the cabinet. In other in- 
stances, it will be necessary to remove 
the complete assembly. 

Some manufacturers have recog- 
nized the problem and have arranged 
their sets for relatively easy servicing. 
Some models have cut-outs on the 
bottom of the cabinet that make it 
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possible to service the sets to a great 
extent without even taking them from 
their cabinets. 

Removing the Chassis. If it 
proves necessary to remove the chas- 
sis, you should follow the reverse of 
the installation procedure. 

When the picture tube is supported 
on the chassis, it is usually possible to 
leave it there and to prop up the chas- 
sis so that servicing is possible. 

If the tube is partly supported by the 
cabinet, the tube must be removed be- 
fore the chassis can be removed for 
servicing. If the tube is completely 
supported in the cabinet, it is usually 
possible to unplug the leads from the 
chassis to the deflection yoke and 
focus coil and to remove the chassis 
without removing the tube. WARN- 
ING: In either of these cases, don't 
operate the set with the coils un- 
plugged or without a picture tube in 
place. You can service the set (using 
an ohmmeter), but don't turn on the 
power until everything is reconnected. 

When the trouble requires that the 
tube be connected and watched during 
the service procedure, you will have to 
use your ingenuity to connect parts 
together and to support the tube. It 
is necessary to set the chassis up on 
end so that you can work underneath 
it. It must be solidly supported in this 
position so that it cannot fall, and it 
must be held in such a way that no 
strain is placed on the picture tube, 
particularly on its neck. 

An important factor to remember in 
servicing sets with the picture tube in 
place is the fact that you must never 
drop tools on the picture tube. Be- 
cause of this ever-present danger, you 
should carry out your service proce- 
dure with the picture tube well re- 
moved from where you are working if 
it is at all possible to do so. Then, 
when the defective part has been lo- 
calized and replaced, you can put the 
receiver back together to try it out. 

You may find it practical in some 
cases to make up a set of extension 
cables so that the tube can remain in 
the cabinet or be at a point away from 
the chassis. Since the cable arrange- 
ment depends on the receiver, this sys- 
tem is practical only if most of your 
work is concentrated on one line of re- 
ceivers. 

TV SERVICE IN THE HOME 
Because of the difficulty in getting a 

set in and out of the cabinet and the 
possibility of damaging the set or cab- 
inet in carrying it to the shop, it is 
common practice for a great percent- 
age of TV service work to be carried 
on in the home. 

Occasionally a customer may bring 
his set to you, but in general the size 
and weight of the set and its value 
make the customer reluctant to handle 
it himself. Therefore, most of your 
calls will be to homes anyway, and it 
is logical to carry out as much of the 
service there as is practical. This is 
just the opposite of the usual proce- 
dure followed in servicing sound re- 
ceivers, in which it is customary to 
examine the set in the home only 
enough to be able to quote a price, 
and then to take the set to the shop 
for the repair. 

The fact that a great deal of your 
TV servicing will be carried out in 
the home of the customer means that 
you must carry along not only a set 
of tubes but also a fair stock of gen- 
erally used replacement parts when 
you go out on a call. You will need a 
multimeter with a high -voltage mul- 
tiplier probe, a tube tester, and an R -C 
checker as basic equipment. You 
should also take along a large sheet 
of canvas or similar material to put 
down to protect your customer's furni- 
ture and rugs while you work. It is be- 
coming a fairly common practice 
to have practically a completely 
equipped service shop built into a 
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truck to go out on calls. Of course, 
such an elaborate set-up is expensive, 
particularly for a beginning service- 
man. 

The bulk and weight of a receiver 
are usually great enough to make it 
desirable to have an assistant to help 
you handle the set. Some service 
shops do hire assistants for their serv- 
icemen. However, the salary of even a 
laborer is high enough to prevent 
many from adopting this practice. 

Of course, if the repair must be at- 
tempted and the necessary parts are 
not available, or if more extensive 
test equipment and test procedures are 
necessary, the set obviously must go 
into the shop for 'servicing. The 
smaller table models are usually car- 
ried to the shop in their cabinets, but 
only the chassis and any other neces- 
sary parts of large table models and 
consoles are taken in. 

One item that is not commonly 
taken along on a service call unless 
the complaint obviously indicates the 
need for it is a picture tube. Picture 
tubes represent a considerable invest- 
ment, so it is unwise to subject them 
to possible breakage by carrying them 
in a truck any more than is necessary. 

DETERMINING THE COMPLAINT 
When you answer the telephone or 

talk with a customer about his re- 
ceiver, remember that he is probably 
a non -technical man and will probably 
be unable to describe the complaint ac- 
curately until you ask rather direct 
questions. For example, the customer 
may say that there is "no picture" 
when the actual complaint may be 
that there is no raster whatever, that 
there is a raster but no picture, or that 
the horizontal or vertical sync is out 
of adjustment so that the picture can- 
not be locked in. Therefore, you'll 
have to find out from the customer by 

careful questioning whether he means 
that he can see nothing whatever, a 
raster, or a jumbled picture on the 
face of the tube. Incidentally, the cus- 
tomer won't know what a raster is- 
he'll probably just say that the picture 
tube lights up if a raster is present. 
Additional questioning may be neces- 
sary to bring out whether the customer 
hears a sound or not, and also whether 
this action is something that is oc- 
curring at the moment, happened last 
night, happened on only one station, 
or happened on all of them. 

Of course, if the customer brings the 
receiver to you, you will naturally 
plug it in and see for yourself how it 
is operating while you are questioning 
the customer. This questioning isn't a 
waste of time, because you want the 
customer to bring out details of the 
past history of the set so that you will 
know how it has been operating. It is 

important to know whether the set has 
been exhibiting troubles that may be 
hidden by the present one but that 
will be apparent when you again get 
the set into operation. 

When you are discussing the set 
over the phone, you won't have this 
opportunity to make tests, but you 
should certainly suggest any test or 
check the customer might make that 
will help prevent an unnecessary call. 
If the set is completely dead, have 
the customer see that the power cord 
is plugged in and that the antenna is 
connected. Suggest that he rotate the 
front -panel controls-children may 
turn the controls from their proper 
settings without the knowledge of the 
set owner, and he may well believe 
that something has gone wrong with 
the set the next time he turns it on. 
For example, the screen may be blank 
if the contrast control has been set 
too high or the brilliancy control too 
low. The picture may be torn up or 
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completely jumbled if the settings of 
the hold controls have been changed. 

Ordinarily, if the screen of the re- 
ceiver is completely blank so that no 
raster or snow can be seen, there is 
likely to be a defect in the receiver if 
it is getting power. However, if the set 
is a radio -TV combination, the picture 
tube may be cut off because the func- 
tion switch has been set on radio or 
phono. Have the customer check this. 

On the other hand, if the set is 
picking up some kind of a signal, and 
that signal is out of sync or is other- 
wise distorted or torn up, you should 
check quickly on your shop receiver 
to see just what is coming from the 
station at that time. In many in- 
stances a station will be having 
trouble. Ordinarily, the station will 
make an announcement that it is hav- 
ing difficulty very shortly after the 
trouble starts, but once in a while the 
announcement may be delayed so long 
that the customer will believe his set 
is defective. This is most likely to hap- 
pen when the customer first gets a 
television receiver and is unfamiliar 
with television programming. 

Of course, in localities where there 
are other stations that are on the air 
at the time, you can always suggest 
to the customer that he try another 
station if there is any question about 
whether the trouble is in the station 
to which he is listening at the time. 
When reception is poor from only one 
station, that station is usually at fault. 

Of course, if your shop receiver 
shows that the station is sending out 
an entirely normal signal, and the 
customer complains about his recep- 
tion, something has gone wrong at the 
receiving location. It is possible for a 
trouble to appear on only one station 
if the signal is either very weak or 
excessively strong at the receiving 
location. Also, poor contacts in a sta- 
tion -selector switch may cause trouble 
on only one station. 

In questioning the customer, you 
may find that he turned off his set 
after some apparent trouble the even- 
ing before. Here too, the trouble may 
have been at the station and the cus- 
tomer may not have waited long 
enough to find this out. If you know 
that the station had some trouble the 
evening before, you can suggest that 
the customer turn on the set and try 
it out if the station is on the air at 
the time he calls. You may suggest 
this anyway, even when you do not 
know just what might have happened 
the night before. 

Once your questioning has made it 
clear that the set is defective, you 
must make a service call. Here again, 
TV servicing differs somewhat from 
radio servicing. There is practically 
certain to be some radio station on the 
air at almost any hour at which you 
are likely to be working. Television 
stations, however, often present regu- 
lar programs only during the evening 
hours and put on programs of test 
patterns at irregular intervals during 
the day. You must therefore know 
exactly when the local stations will be 
on the air so that you can arrange to 
make your calls during such times. 

If the particular complaint is one 
that would be easiest to clear up when 
there is a test pattern on the air, the 
hours during which you can make 
your calls will be even more limited. 
You will have to arrange to carry out 
your television service calls to suit the 
station hours; then the rest of your 
working day can be spent in making 
such repairs as can be made without a 
signal or in doing regular radio service 
work if you are conducting a dual 
business. 

It would be well for you to become 
familiar with the transmitting habits 
of the local stations so that you will 
pot be led into assuming a non-existent 
trouble. For example, many stations 
send a test pattern that is usually ac - 
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companied by a tone or other sound 
modulation. However, this sound 
modulation may be cut off for a period 
of about five minutes every half hour 
or every hour. Therefore, don't think 
that no sound always means trouble, 
because the sound may not be being 
transmitted. 

Once in a while you may find that a 
station is transmitting no picture but 
is sending out the sync pulses. Either 
some technical difficulty may have 
cropped up or the station may be en- 
gaged in switching patterns at such 
times. 

You will, of course, become familiar 
with the characteristics of your local 
stations after you have been engaged 
in TV servicing for a while. 

CONFIRMING THE COMPLAINT 
When you are confirming the com- 

plaint, it is best to llave the customer 

demonstrate exactly how he operates 
the set so that you can see if the com- 
plaint could possibly be the result of 
mis -operation. If the contrast control 
is turned up too high, the picture will 
be distorted, or the screen may go 
completely blank because of over- 
loading. On the other hand, if the 
contrast control is not turned up high 
enough, the picture may not sync 
properly. 

Once you have observed the exact 
operation of the set, you can determine 
just what class of difficulty exists. 
This may let you go to effect -to -cause 
reasoning. You may also look for sur- 
face defects, such as unlit tube fila- 
ments, and, of course, you should 
check up to make certain that the set 
is plugged in, that the antenna is con- 
nected, and that any radio -television 
switch is in the TV position. 

Effect -to -Cause Reasoning 
Applied to Dead Sets 

Before it is possible to do much 
reasoning, it is necessary to know 
something about the receiver itself. As 
we said earlier, schematic diagrams of 
television receivers are important ser- 
vice tools and should be secured if at 
all possible. Diagrams are necessary 
because sets often vary considerably 
in their circuit arrangements and con- 
sequently in their defects. For ex- 
ample, a set having one particular 
kind of high -voltage supply may be 
able to have a defect that it could not 
possibly have if a different kind of 
supply were used. 

Therefore, before you can logically 
reason that there is a defect in a par- 
ticular section of the set, you must 
know something about the set itself, 

which you can learn best 
service data. 

Of course, you can make some 
rather logical assumptions just from 
the fact that the picture tube is an 
electromagnetic or an electrostatic 
type. If it is electrostatic, the set may 
have a transformerless power supply, 
it is quite likely to have an r.f.-type 
high -voltage supply, and may have an 
intercarrier sound system. On the 
other hand, if the set uses an electro- 
magnetic tube, it is more common to 
find a flyback power supply, although 
a pulse high -voltage supply may be 
used. The standard sound system is 
much more likely to be used with such 
a set also. There are exceptions to all 

from the 
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these rules, however, and it is best to 
know just what circuits are in use. 

In all complaints involving a dead 
set, it is important to know what kind 
of sound system is used and where the 
sound signal is separated from the 
video signal. 

Fig. 4 illustrates what is known as 
the standard system. In this kind of 
set, the sound signal i.f. carrier is 4.5 
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FIG. 4. Block diagram of a standard set. 

mc. below the video i.f. carrier, and 
the sound signal is extracted from the 
combined signal at some point be- 
tween the output of the first detector 
and the last video i.f. stage. The 
sound take-off point is usually ahead 
of or immediately following the first 
video i.f. tube, but it can be after the 
second or even the third tube. In 
localizing trouble, it is important for 
you to know just where this take-off 
point is, because that tells you just 
which stages can be involved in par- 
ticular complaints. 

Similarly, it is important to know 
where the take-off point for the sync 
signal is. In the most recent receivers, 
the sync signal is taken from the out- 
put of the video amplifier. However, 
there are many receivers in which the 
sync take-off is at some earlier point, 
even as far back as the video detector. 

Fig. 5 is a block diagram of a set in 
which an intercarrier sound system is 
used. Here, the sound and video i.f. 
signals come through the same i.f. 
amplifier to the video detector, where 
the two i.f. signals beat to produce a 
4.5 -mc. carrier that has the sound 
signal on it. It is becoming common 

practice for the sound take-off to be 
at the output of the video amplifier, 
but it may be earlier, at any point 
beyond the video detector. In such 
sets, the sync take-off may be at any 
point between the video detector and 
the output, with the output connection 
being the most common in recent re- 
ceivers. 

As an example of why it is im- 
portant to know where these take-off 
points are, let's suppose that some de- 
fect in a set cuts off both the picture 
and the sound. The trouble must be 
between the antenna connection and 
the sound take-off point or at some 
point in a low -voltage power supply 
to which both the sound and video 
stages are connected. If the power 
supply is not to blame, you must know 
the number of stages from the input 
to the point of sound take-off to make 
the proper check. On the other hand, 
if the trouble is with the picture alone 
and not with the sound, the defect 
must be between the sound take-off 
point and the picture tube. 

Obviously, the standard set shown 
in Fig. 4 breaks more handily into 
sections this way. In a set in which 
an intercarrier sound system is used, 
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FIG. 5. Block diagram of an interearrier 
set. 

any trouble in the stages handling the 
video signal is practically certain to 
affect the sound signal as well. If the 
sound take-off is at the output of the 
video amplifier, there is practically 
nothing except a defect in the picture 
tube or in its power supply that could 
block the picture signal and not affect 
the sound. 
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In a similar manner, the presence or 
absence of a synchronized raster will 
help to show whether the defect is be- 
tween the sound take-off and sync 
take-off points. 

It is well to be extremely cautious 
in your analysis of TV complaints, 
because there is a great deal of inter- 
locking of circuits through the power 
supply in some sets and very much 
less in others. In sets in which there 
is considerable interlocking, a defect 
in one section may affect another en- 
tirely separate section. 

In one receiver, for example, the 
audio amplifier stages and the video 

control of the power supply and 
brightness control. If d.c. coupling is 
used, however, an upset in the bias of 
one of the video amplifier stages may 
blank out the screen of the picture 
tube. For example, a lack of bias on 
the output tube or too much bias on 
the tube preceding the output tube 
would cause an increase in the voltage 
drop across the load resistance of the 
output tube, thereby driving the grid 
of the picture tube so far negative that 
the picture would be blanked out. 

The extensive use of decoupling in 
the plate supply leads also may result 
in some interesting servicing condi- 

FIG. 6. A short in C, may affect other 
stages. 

amplifier stages get their bias from 
the same source. A leaky coupling 
condenser in the audio stage will cause 
distortion; but it will also upset the 
bias, for which reason the picture will 
be completely torn up. Since the pic- 
ture circuits are more sensitive than 
the sound circuits, you may not even 
notice the sound distortion at first and 
may believe that you have only pic- 
ture trouble. 

In another receiver, the focus coil 
current is made up mostly of current 
from the sound stages, so a defect in 
the sound stages will again affect the 
picture. 

If the video stages are a.c. coupled, 
the brightness is completely under the 

tions. If condenser Cl in Fig. 6 short- 
circuits, for example, the plate voltage 
will be removed from tube VT1. If R2 
is a low resistance, and does not burn 
out, this short in Cl will reduce the 
voltage on the other tubes because of 
the common coupling back through the 
B supply. In effect, we have shunted 
R2 across the B supply in this case. 

If R2 is of high resistance, or burns 
out, on the other hand, plate voltage 
will be removed from VT1 only and 
the other tubes will be unaffected. 
Should R2 burn out, the plate of VT1 
will be grounded through R1 -C1 and 
will also show no continuity back to 
B+. Watch for dual defects of this 
kind. 
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A more elaborate filtering arrange- 
ment is shown in Fig. 7. Here, not 
only does each stage have its own R -C 
filter, but also there are other filters 
for groups of stages. Thus, C3 -R3 acts 
as a filter for all of the i.f. stages, each 
of which also has its own filter. Simi- 
larly, C6 -R6 filters the sweep stages. 

FIG. 7. Filter arrangements as elaborate 
as this are fairly common in TV sets. 

In a case of this kind, a short in con- 
denser 03 would remove the plate volt- 
age from all the i.f. stages, but a short 
in either CI or 02 would be most 
likely to affect only the stage with 
which it is associated. Similarly, in 
the sweep side of this circuit, a short in 
C6 would remove all the voltage from 
the sweep circuits. However, if either 
03 or 06 should short, the other stages 
in the set may be unaffected if the 
series resistors R3 or R6 are sufficiently 
high in resistance or burn out as a 

result of the short. 
Another case in which service in- 

formation can be helpful to you occurs 
when you get a set in which another 
serviceman or the set owner has had 
the tubes out and has replaced them 
in the wrong sockets. The layout of 
the set will let you determine whether 
any such peculiar condition as this 
exists. Misplacing the tubes may not 
completely prevent the set from oper- 
ating but may cause some very un- 
usual operation. For example, in one 
well-known set, interchanging certain 
tubes results in apparently normal op- 

eration except that the picture is re- 
versed-it is white where it should be 
black, and vice versa. This comes 
about because the plate and cathode 
terminals of the video detector come 
out to pins that are exactly opposite 
to the plate and cathode pins of an- 
other tube that is used in this set; 
if these tubes are interchanged, the 
phase of the output voltage of the 
video detector will be reversed. 

The manufacturers themselves, how- 
ever, very frequently change tube 
types because they find that a tube 
with somewhat different character- 
istics works better or lasts longer in 
the set than the one they chose at first. 
By examining their service notes, you 
will soon learn which manufacturers 
are likely to change sets in production 
this way. Don't always assume that 
the wrong tubes have been used. 

Now that you know some of the 
reasons why it is necessary to obtain 
and use complete service information, 
let's turn now to a consideration of 
what we shall class as a dead set. First 
we shall consider the case in which 
there is no sound but the picture is 
okay, then we shall take up the cases 
in which the picture is absent. 

NO SOUND-PICTURE OKAY 

Most generally, if a TV set re- 
produces a picture properly, but there 
is no sound, the trouble is in the sound 
path between the take-off point and 
the loudspeaker. Therefore, the trou- 
ble must be in the sound i.f., sound 
detector, audio stages, or loudspeaker. 
You must remember, however, that 
misalignment or misadjustment of the 
fine-tuning control of a standard TV 
receiver could cause the sound to be 
absent and yet permit you to get al- 
most a normal picture (unless the set 
has a.f.c., in which case misalignment 
or mistuning cannot cut out the sound 
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without cutting out the picture also). 
This can happen because the sound i.f. 
channels are much more sharply tuned 
than are the picture channels. There- 
fore, misalignment of the first oscilla- 
tor or misadjustment of the fine-tun- 
ing control may be sufficient to cause 
the sound carrier to drop out without 
greatly affecting some pictures. (Na- 
turally, if the picture is a test pattern 
from which you can determine 
whether the high or low frequencies 
are missing, you will see that the pic- 
ture is really not all that it should be.) 

This condition can occur only in the 
standard set-in a set using an inter - 
carrier sound system, misalignment of 
the oscillator will not ordinarily be 
able to remove the sound signal with- 
out causing severe distortion of the 
picture as well. This comes about be- 
cause the sound i.f. carrier passes 
through the picture i.f. amplifier in 
such a set. A misalignment may move 
the sound carrier off the skirt of the 
i.f. amplifier response, but such a shift 
will also cause severe attenuation of 
the higher frequencies in the picture 
signal, which is a readily observable 
condition. 

You will sometimes find that the 
picture is distorted when there is a 
no -sound complaint. In such cases, 
look for interaction between sections 
through the power supply. The audio 
power output tube, for example, draws 
a fair amount of current; if this tube 
becomes defective, the current flow 
through the power supply may change 
enough to change the bias on some of 
the video stages. This could distort 
the picture. 

In general, therefore, if the picture 
is present and of such quality that the 
set is apparently not mistuned, but 
there is no sound, the trouble is prob- 
ably in the sound section; and it can 
be run down by any of the methods of 
localization that you would use on 
any ordinary sound receiver. This is 

an example of the use of effect -to - 
cause reasoning-since the picture is 
present, we must have high voltage, 
the picture tube is all right, at least 
most of the low -voltage supply is op- 
erative, and any stages that handle 
the picture but not the sound signal 
are apparently working to some extent 
at least. 

If you decide the trouble is in the 
sound system, you can turn the vol- 
ume control full on and use circuit 
disturbance or a similar means of 
localizing the trouble. 

NO PICTURE 
The complaint of "no picture" may 

mean anything from a totally blank 
screen to a screen showing a controlled 
raster but no image. The sound may 
or may not be present. 

The various conditions that may be 
found are summarized in Fig. 8. In 
brief, this table shows how effect -to - 
cause reasoning can be used when you 
have no indications other than what 
you see on the picture tube and the 
presence or absence of sound. Let's 
take a few examples to show how this 
table was developed. 

Blank Screen. When we say that 
the screen is blank, we mean that there 
is no image, pattern, raster, line, or 
spot of light on the face of the picture 
tube, even when the brilliancy control 
is fully advanced. Depending on 
whether or not you get sound, this is 
the condition that most truly repre- 
sents a dead set. 

If there is no sound, and the screen 
is blank, the defect has to be one that 
causes the picture tube to be blanked 
at the same time that the sound is cut 
off. This almost certainly means that 
it is in the low -voltage supply or in 
the filament circuits. It could not be 

FIG. 8. The table at right shows possible 
causes of various no -picture conditions. 
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NO PICTURE 

Picture Tube Indication 
le 

c 
in 

Defect 

1. Blank screen 
No image, pattern, raster, line, or spot 
even when brilliancy control is fully ad- 
vanced. 

NO Defect in LV supply or filament circuit. 

YES Defect in picture tube or in its supplies (LV, 
HV, or filament). 

Z. Only a spot of light 
No image, raster, or line when brilliancy 
control is advanced. (Indicates picture 
tube has LV and HV but both sweeps are 
inoperative.) 

NO Unlocked HV*-Trouble in LV common to 
both sweeps and to stages between antenna 
and sound take-off-but not to HV or pic - 
ture tube. 

Locked HV**-Combination of shorted hori- 
zontal yoke, plus vertical sweep or yoke de- 
fect, plus defect between antenna and sound 
take-off. (Very rare to have triple defect.) 

YES Unlocked HV*-LV supply to both sweeps. 

Locked HV**-Horizontal yoke shorted, plus 
vertical sweep or yoke trouble. 

3. Vertical line only 
No image or raster when brilliancy control 
is advanced. (Indicates picture tube has 
LV, HV, and vertical sweep but no hori- 
zontal sweep.) 

NO Unlocked HV*-LV supply at some point corn - 
mon to horizontal sweep and to stage between 
antenna and sound take-off (or to stage in 
sound section). 

Locked HV**-Horizontal yoke shorted, plus 
trouble between antenna and loudspeaker (or 
in LV supply to these stages). 

YES Unlocked HV*-Horizontal sweep. 

Locked HV**-Horizontal yoke. 

4. Horizontal line only 
No image or raster when brilliancy control 
is advanced. (Indicates picture tube has 
LV, HV, and horizontal sweep, but no 
vertical sweep.) 

NO Vertical sweep plus trouble between antenna 
and loudspeaker (check LV supplies). 

YES Vertical sweep or yoke. 

5. Uncontrolled Raster 
No image; back -traces visible when brit- 
liancy is advanced. Back traces moving 
and cannot be locked by hold control. 

NO Trouble between antenna and sync take-off, or 
between antenna and sound take-off, which- 
ever occurs earlier. 

YES Trouble between sound take-off and sync take- 
off or double trouble in sync and video sec- 
tions. 

6. Controlled Raster 
1 No image; back traces visible when brit- 

liancy is advanced. Back traces hold or 
can be locked definitely when hold control 
is set. 

NO Trouble between sync take-off and sound take - 
off (requires sync take-off to be first, as in 
a few intercarrier systems), or defect in both 
the sound and video sections. 

YES Trouble betwen sync take-off and picture -tube 
grid (in video -restorer section). 

Unlocked HV-an r.f. or 60 -cycle supply, not tied to sweep. 

Locked HV-a flyback or pulse type that is keyed to the horizontal sweep. 
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a trouble in one of the video or sound 
stages, because the picture tube should 
still exhibit a raster even if these 
stages are defective. 

Obviously, you should first check to 
be sure that the set is plugged into a 
power outlet and that the outlet is 
delivering power. You can make this 
check quickly just by looking at the 
tubes. If the tubes in the set light, 
power is getting to the set. If the set 
uses a power transformer, and you ob- 
serve light in most of the tubes, you 
can assume that the filament circuits 
are normal and can go to work on the 
B supply. If the set uses a filament 
string, however, it is possible that one 
string is lighted but that the other one 
is out because of a burned -out tube or 
a break somewhere in the string; in 
this case, it may be that the emission 
in the picture tube as well as in a 
sound -handling stage has been affec- 
ted. 

On the other hand, if you have a 
blank screen but get sound, the defect 
is almost sure to be in the picture tube 
or in its supply. When the picture 
tube filament is in a string with the 
other tubes, you can usually assume 
that its filament supply is all right 
when you get sound, although an un- 
usual arrangement of filaments may 
be found in some cases that would 
permit the sound stages but not the 
picture tube to work. Also, when the 
low -voltage supply for the picture 
tube is obtained from the common 
supply for the other tubes, and the 
sound section works, you can expect 
the low -voltage supply to be normal. 

There is the possibility, however, 
that a burn -out at one end of the 
brilliancy control may not affect the 
low -voltage supply to any stage other 
than the picture tube. Don't overlook 
the possibility of a burn -out of this 
kind when you find that the picture 

tube is apparently all right and is 
otherwise receiving normal voltages. 
You can be sure that such a burn -out 
has occurred if a voltage check on the 
picture tube shows that it is over - 
biased, and rotating the brilliancy 
control does not change the bias. 

If you suspect the high -voltage sup- 
ply, you can check it quickly by mak- 
ing an attempt to measure the high 
voltage at the second -anode connec- 
tion. Also, if you can see the high - 
voltage rectifier through the power 
supply shield, notice whether or not 
its filament is lighted. If not, either 
the tube is bad or there is a defect in 
the circuit that should be driving the 
tube. If the set has a fly -back supply, 
something wrong in the sweep circuit 
would prevent the high voltage from 
being produced. Watch for fuses in 
the plate circuit of the sweep amplifier 
in such cases-if such a fuse has 
blown, the circuit will not work. 

If the high -voltage supply is of the 
r.f. type, a shorted filter condenser 
may produce such a drain on the oscil- 
lator that the oscillator will stop work- 
ing, in which case the rectifier tube 
filament will be unlighted. 

On the other hand, if the rectifier 
tube filament in an r.f. high -voltage 
supply appears to be normally lighted, 
but you do not find a high voltage, 
something is probably wrong in the 
filter circuit. Since the rectifier fila- 
ment supply and the high voltage 
come from the same source (the oscil- 
lator tank circuit), this is a logical 
assumption. However, there is always 
the possibility that there is a defect in 
the transformer feeding the plate of 
this rectifier. 

If you find high voltage, and ap- 
parently find the low voltages to be 
normal, and there is no indication of 
trouble in the filament string, the pic- 
ture tube itself is about the only re - 
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maining possibility if the set uses a.c. 
coupling in the video amplifier. In 
this case, try a new picture tube. 

If d.c. coupling is used in the video 
amplifier of the set, however, it is pos- 
sible for an excessive voltage across 
the plate -load resistor of the output 
tube to over -bias the picture tube so 
much that the screen will be blank. 
Such an excessive voltage may be the 
result of a defect in the output tube, 
a lack of bias on this tube, or an over - 
bias on a previous stage that is d.c. 
coupled to the output stage. Voltage 
readings will usually disclose the 
source of trouble in this case. Don't 
overlook the possibility of a defect of 
this kind in a set that uses d.c. coup- 
ling if nothing appears to be wrong 
with the picture tube and its power 
supplies. 

Spot of Light. In another kind of 
no -picture complaint, there is no im- 
age, raster, or line when the brilliancy 
control is advanced, but there is a 
bright spot in the center of the screen. 
When you observe this condition, turn 
the brilliancy control down at once- 
the tube screen will be burned in the 
center if you allow this spot to be 
present more than a few seconds. 

Since a spot of light can be pro- 
duced, both low and high voltages are 
applied to the picture tube to form a 
beam, but both sweeps are inoperative. 

Let's assume that we have no sound 
with this spot -of -light condition. We 
next have to determine whether we 
have a locked or an unlocked high - 
voltage supply. As you have learned, 
a locked high voltage is a fly -back or 
pulse type that operates from a sweep 
circuit; an unlocked type, such as an 
r.f. supply, is independent of the sweep. 

As shown in the table in Fig. 8, if 
we have no sound and an unlocked 
Sigh -voltage supply, the defect has to 
be in a low -voltage circuit that is com- 

mon to both sweeps and to the stages 
between the antenna and sound take- 
off, but not to the high -voltage circuit 
nor to the low -voltage supplies for 
the picture tube (because the latter 
defects would prevent the spot from 
being formed). Such a defect might 
be a shorted by-pass or filter condenser 
in one of the B+ circuits that does not 
cut off the low voltage applied to the 
picture tube. Wherever the short ex- 
ists, it must have cut off the supply to 
both the sweep chains and to at least 
one stage handling both picture and 
sound signals. 

If the set has a locked high -voltage 
supply, the horizontal sweep circuit 
must be working up to the point where 
the high -voltage supply is taken off. 
If it is a fly -back supply, the only 
trouble that could exist in the hori- 
zontal supply that would not block the 
high voltage would be a shorted hori- 
zontal yoke. In addition, there would 
have to be a defect in the vertical 
sweep chain or the vertical yoke and a 
defect between the antenna and the 
sound take-off. Thus, there would 
have to be a double or triple defect to 
produce the conditions of no sweeps 
and no sound in a set using a locked 
high -voltage supply, for which reason 
such a set is unlikely to exhibit this 
complaint. 

If there is a spot of light and the 
sound is reproduced normally, the 
trouble must be in the low -voltage 
supply to both sweep circuits in a set 
having an unlocked high -voltage sup- 
ply. This could be the result of a con- 
dition like the one we mentioned in 
connection with Fig. 7-in which a 
short in condenser C6 cuts off the 
voltage to the sweep circuits, but be- 
cause R6 has sufficient resistance or 
burns out, the voltage supply in the 
other stages is unaffected. Of course, 
this kind of trouble can occur only if 
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the two sweep circuits come from a 
common point, as they do in Fig. 7, 
and is therefore likely to be rare. 

In a set that uses a locked high - 
voltage supply, the horizontal sweep 
circuit must be working up to the 
high -voltage supply for a spot to be 
produced on the picture tube screen. 
The lack of a sweep again means that 
there must be a short in the horizontal 
yoke plus some defect in the vertical 
sweep chain or yoke. It is likely that 
both the vertical and the horizontal 
yoke windings are short-circuited. 

Vertical Line Only. If there is no 
picture or raster when the brilliancy 
control is advanced, but a thin, bright, 
vertical line is formed on the picture - 
tube screen, the picture tube has low 
voltage and high voltage, and the ver- 
tical sweep signal is present, but there 
is no horizontal sweep. 

If the set uses a locked high -voltage 
supply, the lack of a horizontal sweep 
combined with the presence of high 
voltage again means that the hori- 
zontal yoke must be shorted. If there 
is no sound, there must also be some 
other defect. 

If no sound is present, and the set 
has an unlocked high -voltage supply, 
a defect in the low -voltage supply is 
blocking operation of the horizontal 
sweep chain and of some stage between 
the antenna and the sound take-off or 
of some stage in the sound section. If 
sound is present, the trouble must be 
in the horizontal sweep chain. 

Horizontal Line Only. In the con- 
verse of the previous condition, there 
is no picture nor raster when the bril- 
liancy control is advanced, but a 
bright horizontal line is formed. The 
presence of this line indicates that the 
picture tube has low voltage and high 
voltage, and that the horizontal sweep 
is working, but that the vertical sweep 
is not working. 

If sound is produced, the trouble is 
definitely localized to the vertical 

sweep or the vertical yoke. If there is 
no sound, there may be some defect 
in the B supply circuit, or there may 
be a defect in the vertical sweep plus 
some other defect in one of the sound - 
handling stages. 

In any of these cases in which the 
trouble is apparently in the sweep 
circuits, voltage measurements may 
disclose the difficulty, or you can use 
an oscilloscope as a signal tracer, 
working from the sweep oscillator to 
the output. In the latter case, you can 
observe the wave shape as well as de- 
termine whether the signal is getting 
through each stage of the sweep chain. 

Since the sweep voltage is an a.c. 
signal, it can be followed by an a.c. 
vacuum tube voltmeter. The sound 
section itself can be used as a signal 
tracer to a certain extent, particularly 
through the vertical sweep circuits. If 
you connect a test lead fitted with a 
blocking condenser between the grid 
of the first sound amplifier and your 
test point, you will hear a 60 -cycle 
hum from the vertical sweep circuit 
and a very high-pitched squeal from 
the horizontal circuit if they are work- 
ing properly. You can start from the 
sweep oscillator and follow the signal 
through to the output with your sig- 
nal -tracing test lead. 

Uncontrolled Raster. In still an- 
other no -picture complaint, there is 
neither a picture nor "snow," but the 
screen is covered by a normal raster 
when the brilliancy is advanced suffi- 
ciently. The back traces for the ver- 
tical sweep are easily visible, and these 
back traces are moving and cannot be 
locked by the hold control. 

The presence of the raster indicates 
that the picture tube is getting normal 
low and high voltages and that both 
sweep circuits are working. However, 
since the raster is uncontrolled, the 
sync signal is not reaching the sweep 
circuits or is not able to control them. 
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If there is no sound, the trouble 
must be in some stage between the 
antenna and the sync signal take-off 
or between the antenna and the sound 
take-off, whichever occurs earlier. 
Thus, in a standard set, in which the 
sound take-off is in the video i.f. sec- 
tion and the sync take-off is some- 
where in the video amplifier, the trou- 
ble has to be between the antenna and 
the sound take-off to block the sound 
channel. On the other hand, if the set 
uses the intercarrier system, and the 
sync take-off is ahead of the sound 
take-off, the trouble has to be ahead 
of the sync take-off to produce the 
uncontrolled raster. An open antenna 
lead or an oscillator tube that is not 
working are obvious possibilities that 
you should check first. 

On the other hand, if you find an 
uncontrolled raster and no picture, but 
the sound is normal, the trouble is 
probably between the sound take-off 
and the sync take-off points. Other- 
wise, there must be a double defect- 
one in the sync chain and one in the 
video stages as well. 

Trouble between the sound take-off 
and the sync take-off is more likely 
than a double defect in a standard set, 
in which the sound take-off is at or 
near the first i.f. stage and the sync 
take-off is at or near the output of the 
video .section. A dead stage in the 
video i.f., video detector, or video am- 
plifier sections would be what you 
should look for. 

Controlled Raster. Finally, it is 
possible to have a no -picture com- 
plaint that is like the previous one 
except that the vertical retrace lines 
hold or can be locked by manipulating 
the hold controls. In this case, we say 
the raster is controlled. 

It is particularly important to learn 
by experience the difference between 

an uncontrolled and a controlled ras- 
ter. If the set has very stable sweep 
circuits, an uncontrolled raster may 
look like a controlled one because the 
back traces will stand still for an ap- 
preciable period. 

If there is a controlled raster but 
no sound, the stages up to the point of 
the sync take-off must be all right, so 
the defect must be between the sync 
take-off and the sound take-off. Such 
a condition can occur as the result of 
a single defect only in a set in which 
the sync take-off occurs first-in other 
words, only in a set in which an inter - 
carrier system is used. In a standard 
set, in which the sound take-off is first, 
the fact that there is a controlled 
raster but no sound means that there 
must be trouble in both the sound and 
the video sections. If there is any low - 
voltage supply common to these two 
sections that might become defective 
without affecting other stages, you 
should check this supply and its by- 
pass condensers first. 

If sound is present, along with the 
controlled raster, only the picture 
signal is missing. There must therefore 
be trouble somewhere in the video 
amplifier or restorer stages between 
the sync take-off and the grid of the 
picture tube. 

In this discussion, we have gone 
into considerable detail to show you 
just how reasoning can be used when 
the complaint is "no picture." As you 
have learned, the characteristics of 
the pattern produced on the picture 
tube indicate at least which sections 
are not defective and may indicate 
which one is. The presence or ab- 
sence of sound and the type of power 
supply (which you can find out from 
the diagram) are also sometimes help- 
ful in showing what is wrong. 
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Sync and Sweep Defects 
There are a number of defects that 

occur in TV sets in the sync and sweep 
circuits. The complaints that we are 
going to cover in this Lesson are all 
conditions in which a picture is present 
in some form on a direct -view set but 
is jumbled, rolling, non-linear, or 
otherwise distorted. Although these 
are not the only complaints that are 
caused by the sync or sweep circuits, 
they are by far the most common ones. 
In general, the sound should be normal 
in each of these conditions. 

conditions. Obviously, if you can lo- 
cate the defective section at once, 
there is little need for making a series 
of tests elsewhere. If you must run it 
down, on the other hand, an oscillo- 
scope will probably be the quickest 
means of localization. The use of the 
oscilloscope for this purpose will be 
described in another Lesson. 

Let us now discuss some typical 
troubles and find out just what may 
be indicated by each of them. 

Courtesy Belmont Radio Corp. 
FIG. 9. Rapid vertical rolling. 

Many of these complaints can be 
caused by a misadjustment of a con- 
trol. When you are attempting to 
clear up such a complaint, therefore, 
your first step should be to try adjust- 
ing the control that might cause it 
before condemning any portion of the 
set. If such an adjustment cannot 
clear up the trouble, or if it can be 
cleared up only at the very end of the 
control's range, you can safely assume 
that either some other adjustment is 
needed or there is an actual defect. 

In the following section, we shall 
describe the complaint and indicate to 
what extent the defect causing it can 
be located by using effect -to -cause 
reasoning. The exact method of run- 
ning down the trouble will depend on 

VERTICAL ROLLING 
When the vertical sweep chain is 

working but is not synchronized, either 
because of a sync chain defect or be- 
cause of improper adjustment of the 
hold control, the picture will move up 
or down. This is usually called "ver- 
tical rolling." If the hold control is 
far out of adjustment, the vertical 
movement will be quite rapid, and 
there will appear to be a number of 
picture segments moving (see Fig. 9). 
As the control is brought nearer to the 
proper setting, the picture will drift 
slowly up or down on the screen. Its 
appearance at an instant when it is 
just halfway out of position will then 
be as shown in Fig. 10. 
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Obviously, the first step to make in 
attempting to correct vertical rolling 
is to try adjusting the vertical hold 
control. If readjusting this control 
causes the image to lock in properly, 
and it remains locked, in all probabil- 
ity the vertical hold control was just 
misadj usted. 

On the other hand, if you can get 
it to hold for only a short period of 

time, or if it tends to hold very near 
the end of the control's range, one of 

several possible defects may exist. 
If the vertical hold control must be 

adjusted to one end of its range before 
the picture will hold, probably the 
value of some part in the grid circuit 

this pattern, the video amplifier prob- 
ably has poor low -frequency response 
of the kind that may be caused by an 
open low -frequency compensating con- 
denser or by a defective coupling con- 
denser. 

On the other hand, if the picture is 
not excessively smeared, but the re- 
trace lines are visible while the pic- 
ture is standing still (they will show 
while the picture is moving), observe 
the vertical and horizontal wedges of 
the test pattern. If the lines that are 
vertical in the test pattern are blacker 
than those that are horizontal, poor 
low -frequency response is indicated 

Courtesy Belmont Radio Corp. 

FIG. 10. Slow 

has changed. On the other hand, if it 
syncs near the center of the control 
range, but then does not hold, either 
the sync pulses are not reaching the 
vertical sweep oscillator because of a 
sync chain defect, or poor low -fre- 
quency response somewhere in the cir- 
cuit is causing trouble. 

The vertical sync signal, as you 
know, is a 60 -cycle pulse. If the low - 
frequency response is reduced in any 
section handling this sync pulse, it 
may be wiped out; if so, a vertical 
hold cannot be obtained for very long. 
In such a case, adjust the hold control 
until the picture stands still, and care- 
fully examine the test pattern you see. 
If there is a smearing or blurring of 

vertical rolling. 

again, but this time it is more likely 
to be caused by improper alignment of 

the video i.f. amplifier. This may 
come about either because the trim- 
mers are incorrectly adjusted or be- 
cause an adjacent channel trap has 
drifted out of adjustment so much that 
it is too near the picture carrier fre- 
quency and is therefore reducing the 
low -frequency response. (We are as- 
suming proper tuning and normal set- 
tings of the brilliancy and contrast 
controls.) 

If the picture appears relatively 
normal as long as it is holding in sync, 
but vertical sync is not maintained, 
there is some trouble in the sync chain 
itself. Since the horizontal sync is 
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apparently holding in all right, the de- 
fect must be in a circuit that handles 
the vertical sweep only or in a coup- 
ling condenser. Remember that stray 
capacity across an open coupling con- 
denser may be able to pass the rela- 
tively high -frequency horizontal sync 
pulses but would offer too much im- 
pedance to the lower -frequency verti- 
cal sync pulses. 

Interlace. An improper setting of 
the vertical -hold control or a lack of 
vertical sync may also cause poor 
interlacing. When this condition oc- 
curs, the horizontal lines "twin": that 
is, the lines of one field trace over 
those of the preceding field instead of 
falling between them. This gives a 
coarser picture and produces a moire 
pattern on the lines in the horizontal 
wedges of a test pattern, as shown in 
Fig. 11. 

As we said, this effect can be caused 
by improper adjustment of the verti- 
cal -hold control, in which case it can 
be remedied by a slight readjustment 
of the control. However, it can also 

NRI TV Lab Photo 
FIG. 11. Poor interlace. 

be the result of a defect. If the hori- 
zontal sweep output can get back to 
the input of the vertical sweep through 
a common coupling-perhaps through 
a power supply connection-it may 
throw off the vertical sync so that this 

condition occurs. If the set did not 
originally exhibit poor interlacing, a 
loss of capacity in a by-pass or filter 
condenser may cause it to appear. The 
small 7" electrostatic sets, which have 
very high horizontal -sweep voltages 
and perhaps not too much filtering, 

courte.,y RC'i 
FIG. 12. Extreme misadjustment of the 

horizontal hold. 

often exhibit poor interlacing even 
when they are new. Fortunately, it is 
rather difficult to notice the effect on a 
7" tube. 

HORIZONTAL ROLLING 
Lack of horizontal sync will cause 

the picture to roll to the right or left. 
If the horizontal sweep is far off, the 
picture will be torn up rather com- 
pletely-to such an extent, in fact, 
that there will be practically no sem- 
blance of a picture on the screen. 

As the horizontal -hold control is 
brought nearer the right adjustment, 
the picture tube will exhibit a number 
of black, slanting, roughly horizontal 
lines with extremely distorted pictures 
between them, as shown in Fig. 12. 
The number of these lines will de- 
crease as the correct adjustment is ap- 
proached. In a set using a locked hori- 
zontal hold, the number of lines can be 
reduced to 3 or 4; then further adjust- 
ment of the hold circuit will make the 
picture snap into sync. In a set using 
an unlocked hold, it may be possible 
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to' eliminate all lines and produce a 
series of pictures moving slowly side- 
ways, as shown in Fig. 13, before the 
picture is brought into sync. In some 
sets, you may get a tearing at the very 
top of the picture, as shown in Fig. 14, 
when the picture is almost but not 
quite perfectly synchronized. (Excess 
contrast will also cause this; be sure 
the contrast control is set properly.) 

The possible causes of loss of hori- 
zontal sync are much like those 
causing loss of vertical sync. If the 
hold control will lock the picture in 
near the middle of its range and will 
hold it in over a suitable range, mis - 
adjustment of the hold control is prob- 
ably all that was the matter. 

The range over which the horizon- 
tal -hold control should hold the pic- 
ture in is usually considerably wider 
than that of the vertical control, be- 
cause most modern sets have some 
form of locking circuit for the horizon- 
tal sweep. With any of these locking 
circuits, a misadjustment of the lock- 
ing -range control or of the horizontal 

Courtesy Belmont Radio Corp. 
FIG. 13. Slight misadjustment of un- 

locked horizontal hold. 

a.f.c. circuit (where one is used) may 
produce the same effect as a severe 
misadjustment of the hold control. In 
such instances, the first thing to do is 
to set the hold control as recom- 
mended in the manufacturer's instruc- 
tions, then to adjust the locking -range 

control to see if the picture can be 
made to fall into sync. If so, then this 
is all that is the matter, and the manu- 
facturer's instructions for completing 
the adjustment should be followed. 

On the other hand, if no adjustment 
of the locking -range or horizontal -hold 

Courtesy RCA 

FIG. 14. Slight misadjustment of locked 
horizontal hold (or excessive contrast). 

control will let you sync the picture 
more than momentarily, the sync 
pulses are probably not reaching the 
locking circuit. If the picture is nor- 
mal during the moments you are able 
to keep it in sync, there is a defect in 
the sync chain, because anything that 
would wipe out the horizontal sync 
pulses in the video circuits would af- 
fect the picture very severely. 

If the trouble is just a tearing at the 
top of the picture, it may be that im- 
proper operating voltages in the video 
amplifier or in the sync chain are 
causing clipping of the sync pulses. 
The cause of the tearing can usually 
be located by checking these voltages. 
If this fails to reveal the defect, trace 
the sync pulses through the video and 
sync circuits with an oscilloscope to 
find where their shape changes. 

Of course, it is always possible for 
both the vertical arid horizontal 
sweeps to be out of sync at the same 
time. A dual defect of this kind is al- 
most certain to be something in the 
sync chain. 
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NON-LINEAR PICTURE 
Fig. 15 shows a "perfect" test pat- 

tern. When the size and linearity con- 
trols are adjusted properly, as shown 
here, the line wedges are all equal in 
length, and the circles are perfectly 
round. When this test pattern is ad- 
justed by means of the size controls to 
be perfect for the mask of the set, the 
large black circle should exactly fit the 
viewing mask in the vertical direction. 
and the outermost white circle should 
approximate the width of the picture. 

Adjusting the size controls of an 
electromagnetic set may throw the 
pattern into a distorted shape, because 
there is an interlocking between cer- 
tain linearity controls and the size 
controls. Poor vertical and poor hori- 
zontal linearity are shown in Figs. 16 
and 17 respectively. The outer circles 
are anything but round in these fig- 
ures. Ordinarily, a careful readjust- 

ment of the linearity and size controls 
will allow you to correct such condi- 
tions. If you find that it is impossible 
to correct the distortion, however, the 
vertical or horizontal amplifier tube is 
defective in some respect or is not re- 
ceiving proper operating voltages. 

Incidentally, remember that you 
cannot check the plate voltage of the 
horizontal output tube in a set using 
electromagnetic deflection. You can 
make a check of the B+ voltage but 
not of the voltage at the plate, because 
the operating voltage at the plate is 
masked by the very high pulses fed 
back from the fly -back transformer. 
In fact, it is dangerous to make such a 
measurement-these pulses are high 
enough to ruin an ordinary multimeter 
and give you a severe shock. Pay par- 
ticular attention to the bias and screen 
voltages as well as to the B+ voltage 
applied to this tube. 

Courtesy NBC 
FIG. 15. A photograph of the standard test pattern used by many stations. 
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Courtesy RCA 
FIG. 16. Poor vertical linearity. 

In sets using electrostatic deflection, 
both the horizontal and vertical lin- 
earity may be poor if any of the cou- 
pling condensers used to couple the 
sweep circuits to the picture tube are 
defective. 

A sort of dual non -linearity in both 
directions, producing a picture in 
which neither the sides nor the top and 
bottom are parallel, may be the result 
of an improper adjustment of the focus 
coil or ion trap magnets. Check the 
positioning of these as well as that of 
the deflection yoke if you observe such 
a condition. 

Of course, you should not expect ab- 
solutely perfect linearity on any set. 
The picture tube itself may introduce 
a certain slight amount of non -linear- 
ity, and you have no absolute assur- 

FIG. 
Courtesy RCA 

17. Poor horizontal linearity. 

ance that the station is transmitting a 
perfect pattern. 

MULTIPLE OR FOLDED IMAGES 

A rather rare but nevertheless pos- 
sible complaint is one in which either 
the horizontal or the vertical sweep 
operates at half or twice the normal 
frequency. If the horizontal sweep op - 
ates at a half -normal frequency, you 
will get two complete pictures of full 
height, side by side. If the vertical 
sweep operates at half -normal fre- 
quency, you will have two short, full - 
width pictures, one above the other. 
Such an effect can be produced by an 
increased resistance in the grid circuit 
of the sweep oscillator or by a radical 
change in the value of some other part 
in the oscillator circuit. 

If the horizontal oscillator speeds up 
so much that it operates at twice its 
normal frequency, the right-hand half 

NRI TV Lab Photo 
FIG. 18. Folding caused by reduced plate 

voltage on horizontal output tube. 

of the picture will be folded over on 
the left-hand half. Similarly, if the 
vertical oscillator operates at twice 
normal frequency, the bottom of the 
picture will be folded over on the top. 
A drop in the resistance of the hold - 
control network or some unusual tube 
defect are the only likely causes of this 
condition. 

There are several other defects that 
will cause a partially folded picture. 
Fig. 18 illustrates one example. In this 
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NRI TV Lab Photo 
Folding caused by a defective damper 

tube. 

case, the picture becomes smaller than 
normal and there is a folding over on 
the left edge. This is the result of a 
reduction in the plate voltage applied 
to the horizontal output tube. A some- 
what similar effect can be caused by a 
defective damping tube or by an im- 
properly shaped horizontal sweep volt- 
age (which would normally occur only 
because of changes in part values or 
operating voltages in the sweep chain). 

A somewhat similar partial fold at 
the very top of the picture is usually 
due to an improperly shaped vertical 
sweep voltage. 

In receivers using electromagnetic 
deflection, a fold -over in the form of 
a heavy white vertical line at the right 
edge of the picture may occur when 

NRI TV Lab Photo 
FIG. 19. Oscillation in horizontal out- 

put tube. 

the horizontal drive control is misad- 
j usted so much that the output tube is 
overdriven. However, if the picture is 
out of focus and perhaps oversized at 
the same time, it may well be that the 
drive control setting is normal but 
that the output tube of the horizontal 
sweep circuit is not delivering suffi- 
cient output. Try a new tube in this 
case. 

VERTICAL BAR IN 
LEFT HALF OF PICTURE 

When a black bar somewhat re- 
sembling a rope appears at the left 

FIG 20. A magnetic field can be used to 
eliminate oscillation in the horizontal out- 

put tube. 

side of the picture, as shown in Fig. 
19, the horizontal sweep amplifier out- 
put tube is oscillating in the v.h.f. 
range. This oscillation may cause in- 
terference on only one or on several 
channels. 

Oscillation may sometimes be cured 
by readjusting the horizontal drive 
control to reduce the signal applied 
to the horizontal output tube. At 
other times, making a slight change in 
the screen -grid voltage will be helpful. 

A positive cure is to distort the elec- 
tron path within this tube by means 
of a magnetic field. One way of 

34 



getting this field is to mount a bar 
magnet near the tube on the shield of 
the high -voltage container. When the 
magnetic field for this magnet passes 
through the tube, as shown in Fig. 20, 
the electron paths are distorted so that 
oscillation is unlikely to occur. Some 
servicemen use ion -trap magnets 
around the tube or near the tube to 
produce the desired field. 

Remember-for your own safety, do 
not open the shield around the high - 
voltage supply while the circuit is on. 
Install a magnet only when the supply 
is not working. 

PICTURE NOT FITTING 
THE VIEWING MASK 

When the picture is not centered 
properly in the viewing mask, so that 

Courtesy Belmont Radio Corp. 
FIG. 21A. Picture off center vertically. 

Courtesy Belmont Radio Corp. 
FIG. 21B. Picture off center horizontally. 

NRI TV Lab Photo 
FIG. 22. Tilted picture. 

it is too high (or too low), as shown 
in Fig. 21A, or is off -center to the left 
or right, as shown in Fig. 21B, you 
can usually bring it back to the right 
position by adjusting the centering 
controls. If not, it is possible that 
either too little or too much current is 
flowing through these controls. In a 
few receivers, the condition of the 
audio tubes may affect this adjust- 
ment because their plate currents pass 
through the centering controls. 

In sets that use electrostatic tubes, 
leakage in the coupling condensers be- 
tween the sweep output tubes and the 
picture tube will also cause an off - 
center picture that you may not be 
able to bring back to the right place 
with the centering controls. Suspect 
that such leakage exists if the picture 
is centered properly when the set is 
first turned on but then gradually 
drifts off center. 

If much leakage develops in these 
condensers, the sweep output tubes are 
likely to be damaged. Damaged tubes 
are usually indicated by the fact that 
the sweep is not wide enough to give a 
full-size picture in one direction or the 
other. 

A tilted picture (Fig. 22) usually 
means that the deflection yoke is ro- 
tated from its correct position or, if an 
electrostatic tube is used, that the tube 
is not oriented properly with respect 
to the mask. 
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Courtesy Belmont Radio Corp. 
FIG. 23A. Picture too narrow. 

Courtesy Belmont Radio Corp. 
FIG. 23B. Picture too wide. 

IMPROPER SIZE 
Pictures too narrow (A) and too wide 
(B), but proper in height are shown 
in Fig. 23. Notice that the picture 

is relatively linear; it is "spread" 
one way or the other, but the wedges 
in each pair are equal in length. When 
the horizontal size control is adjusted, 
the picture may become non-linear, 
but the linearity controls should re- 
store the image to normal. 

If an adjustment of the size con- 
trol will not bring the picture up to 
normal, the output from the sweep in- 
volved must be below normal. Im- 
proper operating voltages or defective 
amplifier tubes are the likely causes. 

Similarly, the picture may be too 
short or too high if the vertical size 
control is misadjusted. 

A picture too small in both direc- 
tions usually indicates a low -voltage 
supply defect. 

In practically all of the cases we 
have described, the complaint is 
caused by a misadjusted control or by 
a defect in the sync or sweep chain. 
Localizing these defects is, as we have 
said, most easily done with an oscil- 
loscope. The oscilloscope not only lets 
you determine whether or not a.c. sig- 
nals are present-you can also see the 
wave shape and thus determine when 
it gets distorted or changed in any 
manner. For these reasons, the oscil- 
loscope is rather widely used in TV 
servicing, as we shall point out in an- 
other Lesson. 
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Lesson Questions 
Be sure to number your Answer Sheet 63RH-2. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. Why are ceramic condensers widely used in TV receivers? 

2. If the screen of a TV set is completely blank even with the brilliancy 
control fully advanced, and there is no sound, what section or sections 
of the set are probably defective? 

3. If only a spot of light is produced on the screen of a TV set that uses a 
locked high -voltage supply, but there is sound, what is the most probable 
defect? 

4. If only a horizontal line is produced on the screen of a TV set, but there 
is sound, what section or sections are defective? 

5. In what kind of a set can a single defect produce a controlled raster but 
no sound? 

6. If a coupling condenser opens in a circuit that handles both the vertical 
and the horizontal sync pulses, which kind of pulse is more apt to be 
blocked? 

7. What effect is produced on a test pattern by poor interlacing? 

8. If no adjustment lets you sync the picture horizontally for more than a 
few moments, but the picture is all right when it is in sync, where is the 
defect? 

9. What simple remedy will cure the condition that produces a rope -like 
black bar at the left side of the picture? 

10. If the picture is properly centered when a set using an electrostatic 
picture tube is first turned on, but it then drifts off -center and cannot be 
brought back with the centering controls, what is probably wrong? 

i 

Be sure to fill out a Lesson Label and send it along with your answers. 

37 



Today, events move at a rapid pace. New ideas, 
new processes, new products are brought forth daily. 
You must keep abreast of this tide if you are to stay 
in business, because nothing is more fatal than to 
become out-of-date. 

To understand new developments, you must learn 
the fundamentals in your chosen field and must 
remember them. And, remembering facts is the 
catch-how many things have you learned with great 
difficulty only to forget them within a short time? 
How much do you remember clearly from your early 
"school days?" 

There is only one way to fix ideas in your mind 
and that is to USE them! If your work does not 
make full use of your knowledge, then you must 
review and review and review. You cannot afford 
to stop the processes of memorizing and learning. 
If you do, you will find facts slipping away from you; 
your key of knowledge will become rusty and useless -it won't open the door to your future! 
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SERVICING FOR PICTURE DISTORTIONS 

I N ANOTHER LESSON, we have 
described the various conditions 

that cause what might be called a 
dead receiver, and have shown how 
effect -to -cause reasoning can be used 
to localize the trouble. We have also 
described various defects that may 
occur in the sweep and sync systems. 
We shall now discuss the servicing of 
TV sets to remove picture distortions. 

Sweep and sync defects may be 
said to cause picture distortions of 
one form or another. In this Lesson, 
however, we shall refer to distortions 
as being cases in which the picture is 
normal except that it is blurred, or 
is covered by some pattern that indi- 
cates a receiver defect. 

Once again, we shall find that an 
examination of a test pattern will show 
at least which section, and possibly 
even which stage or part, is defective. 
If you can do no better than locate the 
defective section by examining the 
pattern, you can use the usual testing 
methods to locate the actual defect. 
Since one of the most useful devices 
for making such tests is an oscillo- 

scope, we shall devote a section of this 
text to showing you how to use it for 
this purpose. 

Now, let's learn what causes various 
kinds of picture distortions and how 
you can determine what the source of 
a particular distortion is. 

BLURRED PICTURE 

A good description of what we call 
a "blurred" picture is that it looks 
somewhat like a drawing that has been 
smeared by someone's running his 
hand over it while the drawing ink 
was still wet. Some of the blurring, 
particularly when it occurs across a 
white area, appears to be a shadow 
streak across the picture. Because 
several defects create blurred pictures 
that look very much alike, it is usu- 
ally necessary to study the test pat- 
terns very carefully to reach a logical 
conclusion as to the source of trouble. 

There are four basic troubles that 
will cause a blurred or smeared pic- 
ture. One is improper focusing. An- 
other is a loss of low -frequency re - 

1 



FIG. 1. Normal pattern. 

sponse, which is always accompanied 
by an excessive phase shift. A third is 
a loss of high -frequency response, and 
a fourth is a strong ghost that is only 
slightly misplaced from the original 
image. Let's consider each of these. 

IMPROPER FOCUS 

A very definite blurring of the entire 
image occurs if the focus control is 
misadjusted or if any defect causes 
the focus to be abnormal. 

Perhaps the best way to determine 
exactly what an out -of -focus picture 
looks like is to throw the focus control 
out of adjustment on a set with a test 
pattern tuned in. The general effects 
can also be observed by examining 
Figs. 1 and 2, which show a normal and 

Courtesy NBC 

a blurred pattern respectively. 
As we said a moment ago, it isn't 

always easy to determine whether 
blurring is due to improper focusing or 
to some other cause. One basic test is 
to examine the image from a position 
a few inches away from the face of 
the tube. At close range you should be 
able to distinguish the individual lines. 
If you cannot see the individual lines, 
either the set is not properly focused 
or the blurring is caused by a ghost. 
Other sources of blurring cause smear 
along the lines, but not between them. 

Another general test is to turn down 
the contrast control until a picture 
cannot be seen (or to tune to a chan- 
nel that does not have a signal), then 
turn up the brightness control enough 
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to let you see the raster. (Don't turn 
the brightness up too high, however, 
because doing so will naturally de- 
focus the electron beam.) Poor focus- 
ing is indicated if the raster appears 
to be a smear of light rather than 
sharply -defined individual lines. This 
is easiest to see in the vertical retrace 
lines, which will tend to be broad and 
fuzzy, rather than sharp if the focus- 
ing is improper. 

Another simple and quick test is 
to try a readjustment of the focus 
control. If this clears up the trouble, 
obviously the only thing wrong was 
that the control was improperly ad- 
justed. If readjusting the control 
tends to make matters better, but you 
reach the end of the control's range 
before the picture becomes normal, 
some defect is producing an improper 
current flow through the focus net- 
work. 

In a set that uses an electrostatic 
picture tube, the focus adjustment 
usually varies the voltage on one of 
the anodes in the gun. Voltages that 
are higher or lower than normal on this 
element (or, for that matter, on any 
other element in the gun) will prevent 
proper focusing. In a set that uses 
an electromagnetic picture tube, either 
an excessive current or too little cur- 
rent through the focusing coil will 
disturb the focus. An incorrect posi- 
tioning of the coil will also affect the 
focus-in some receivers, in fact, the 
focus is adjusted by moving the coil. 
(In a few sets, p.m. focus magnets 
are used instead of an electromagnetic 
coil. Loss of magnetism may make it 
impossible to focus with such units; 
try a replacement.) 

s 

A multiple ghost may produce a 
pattern very similar to that caused by 
improper focusing, but if the blurring 
shows up on the raster when there is 
no picture, the focus is to blame. 

If you attempt to improve the focus 
by adjusting the focus control, you 
may find that one setting of the con- 
trol gives best definition on the verti- 
cal wedges of a test pattern, whereas 
a different setting gives best definition 
on the horizontal wedges. There is 
not much that you can do about this 
condition, because it is a result of the 
basic design of the focus coil and of 
the picture tube itself. By orienting 
the tube differently (if it is electro- 
magnetic), and possibly by moving 
the focus coil, you may be able to 

Courtesy RCA 
FIG. 2. Out of focus. 

correct the condition somewhat. Usu- 
ally, however, the best you can do is 
make a compromise adjustment. It 
is the general practice in such a case 
to use the adjustment that gives the 
best definition for the vertical wedges. 

SMEARING 

As we just said, you can be sure that 
blurring is caused by improper focus- 
ing or possibly by a multiple ghost 
rather than by a loss of either the 



high or the low video frequencies if 
you cannot see the individual lines in 
the picture even at close range. Con- 
versely, if you can see the lines, but 
the picture is blurred, you can be sure 
that the set is properly focused, but 
that there is a loss of low or high fre- 
quencies within the set. Loss of such 
frequencies causes blurring along each 
line, but not between the lines. 

We are talking about a direct -view 
tube when we make this statement. 
Even at best focus, the lines tend to 
overlap somewhat in the picture on a 
projection set. This effect is deliber- 
ately introduced so that the enlarged 
image will not exhibit too much of the 
line structure. Therefore, this test 
does not hold very well for projection 
sets. 

When you suspect that there is a 

loss of high or low video frequencies, 
you can usually confirm or dispel your 
suspicions by examining the horizontal 
and the vertical wedges in a test pat- 
tern. Both wedges will be sharp and 
clear if the low- and high -frequency 
responses are normal. If both re- 
sponses are not normal, one wedge or 
the other will be affected, as we shall 
now see. 

High -Frequency Loss. The verti- 
cal wedges consist of lines that cross 
the scanning lines. The frequency 
needed to produce each line properly 
becomes increasingly higher as the 
wedges taper toward the center circles. 
If the high -frequency response of the 
set falls off, therefore, these lines tend 
to blur together as they approach the 
center circles. As a matter of fact, the 
actual point at which the high-fre- 

NRI TV Lab Photo 
FIG. 3. Loss of high frequencies. 
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NRI TV Lab Photo 
FIG. 4. Loss of low frequencies. 

quency response falls off can be judged 
by how far down you can see the lines 
of the vertical wedges on a standard 
test pattern like the one shown earlier 
in Fig. 1. It is not always possible to 
determine the fall -off point on a non- 
standard pattern, however; and, un- 
fortunately, many stations use test 
patterns that are non-standard. If the 
test patterns of your local stations 
are not standard, you will have to 
learn to judge from them whether or 
not a set is defective in its high -fre- 
quency response. 

The effect produced on a typical 
test pattern if the high -frequency re- 
sponse of the video i.f. or the video 
amplifier is reduced for any reason 
is shown in Fig. 3. Notice that the 
lines in the vertical wedges tend to 
blend together, and appear more 
smeared than do those in the hori- 
zontal wedges. Such a loss of high - 
frequency response may be caused by 
a drift in the alignment or by defects 
in the video section, such as shorted 
peaking coils or an increase in the 
load resistance. 

Low -Frequency Loss. On the other 
hand, if the difficulty is caused by 

a loss of low frequencies (which will 
be accompanied by a phase shift if 
the trouble is in the video amplifier), 
the horizontal wedges will appear 
grayer than do the vertical wedges, 
and the letters in the test pattern will 
be followed by smears at their right. 
Fig. 4 shows one example of loss of 
low frequencies. Study these first four 
figures carefully, comparing them 
point by point, to see just how each of 
these defects is made apparent by a 
test pattern. 

There are many possible causes of a 
loss of low video frequencies. Such 
a loss may occur because of an open 
coupling condenser or an open by-pass 
condenser in a low -frequency compen- 
sating filter. It can also be caused 
by a misalignment of the video i.f. 
stages that brings the video i.f. carrier 
too far down on the skirt of the re- 
sponse curve. If such,drifting occurs, 
the low -frequency response may be 
decreased so much that the set will 
lose vertical sync as well as exhibit 
a smeared picture. Incidentally, the 
synchronization may also be affected 
if the trouble is in the video amplifier, 
and the sync take-off is beyond the 
point where the trouble exists. 

Thus, if you find it difficult to main- 
tain vertical sync in a set that has a 
smeared picture, you can be reason- 
ably sure that the smearing is caused 
by a loss of low -frequency response 
rather than by poor focusing, or by a 
loss of high -frequency response. 

Remember that it is possible for 
transmission difficulties to produce 
smeared pictures. It is always ad- 
visable to refer to a monitor set to 
be certain that the set that you have 
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for repair is really to blame. Also, 
careful questioning of the customer 
may give you helpful clues to the 
general nature of the defect. Any diffi- 
culty that has come on quite gradually, 
over a long period of time, probably 
is caused by failing tubes or by a 
shift in the alignment. On the other 
hand, any very sudden change prob- 
ably means that some part has broken 
down. 

If you suspect that the alignment 
of a set is faulty, the quickest general 
test is to use a sweep generator and 
an oscilloscope to view the response 
curve of the video i.f. amplifier and 
the front end to determine whether or 
not alignment is needed. We shall 
describe alignment procedures else- 
where. 

IMPROPER CONTRAST 

If the contrast of a picture is con- 
siderably higher or lower than normal, 

Courtesy RCA 
FIG. 5. Low contrast. 

probably all that is wrong is that the 
contrast control is improperly ad- 
justed. However, improper contrast 
may also be caused by a fault within 
the receiver. 

Low Contrast. If the contrast is 

below normal, as shown in Fig. 5, and 
increasing the setting of the contrast 
control does not make the picture 
more than light gray in appearance, 
see if there is an excessive amount of 
snow or noise in the picture. A typical 

Courtesy RCA 
FIG. 6. Snow. 

picture with snow is shown in Fig. 6. 

The fact that a picture lacks contrast 
and has considerable snow in it may 
indicate that the signal being picked 
up is weak or is not being transferred 
properly from the antenna to the set. 
On the other hand, this kind of picture 
may be caused by a reduction in the 
overall gain of the set, which may be 
the result of improper operating vol- 
tages or a defective tube. 

As a first step toward locating the 
trouble, you should find out if the con- 
trast is low on all signals. If the con- 
trast is low on only one station, the 
difficulty must be in the alignment of 
the front end if there is anything 
wrong with the set. (You must be 
careful about this; in some locations, 
the response to one or more stations 
may be below normal because of some 
local reception condition.) If the con- 
trast is low on all stations, however. 
some more general defect is indicated. 
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If the set has been installed properly 
and has the proper type of antenna 
for reception at its location, and if 
normal results were once obtained, 
you should first check the installation 
for defects if you find that the contrast 
is low on all stations. To do so, dis- 
connect the transmission line and con- 
nect an indoor antenna to the set 
instead. .If reception improves, or at 
least gets no worse, when the indoor 
antenna is substituted for the outdoor 
one, there may be a defect in the out- 
door installation. Look first for an 
open or a shorted transmission line, as 
these are the most common defects. 

Incidentally, if the set has auto- 
matic gain control, you must use the 
signal-to-noise ratios as your basis for 
comparing the reception with one an- 
tenna to that with the other. Signal 
strength alone is not a good point of 
comparison, because the a.g.c. system 
will attempt to bring the signals to 
about the same levels. If the a.g.c. 
system is able to equalize the signal 
strengths, the antenna that produces 
less audible noise-if any gets through 
the f.m. system-and less snow in the 
picture is the one that gives the better 
reception. 

Once you are satisfied that the 
antenna and transmission line are 
normal, carefully observe the effect 
produced by operating the contrast 
control. If the picture tends to tear 
up as the control is advanced, much 
as is shown in Fig. 7, but it remains 
gray and washed out, two facts are 
immediately obvious. One is that a 
normal signal is passing the point or 
points at which the contrast control 
operates, since the control is able to 

produce overloading of some later 
stage (which is the reason why the 
picture tears up). Since the picture 
remains gray, however, it must be that 
either this signal is not reaching the 
picture tube properly, or the picture 
tube or its supply voltages are not 
normal. 

If you find this condition, you can 
localize the defect more closely by 
examining the set to determine what 
type of contrast control is used. If it 
is one of the kinds that vary the bias 
on the i.f.-r.f. stages, it is quite likely 
that the overloading is occurring in the 

Courtesy 
FIG. 7. Excessive signalRCA g (may be caused 
by setting contrast control much too 

high). 

last i.f. stage, and that the defect lies 
somewhere in the video amplifier. If 
the set uses a.g.c., determine whether 
the contrast control varies the a.g.c. 
voltage or is located in the video am- 
plifier. If it is in the video amplifier, 
the trouble has to be near the picture 
tube or output video stage. On the 
other hand, if the control varies the 
a.g.c. threshold, something may, be 
wrong with this network. 

High Contrast. It is just as pos- 
sible for the picture to have too much 
contrast as it is for it to have too 
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little contrast. Figs. 7 and 8 show 
different degrees of excessive contrast. 
In Fig. 7, the signal is so strong that 
some stage has been overloaded; here 
a strong signal is further indicated 
by an excessive blackness. (Compare 
with the over-all grayness of a weak 
signal.) If this happens in an inter - 
carrier set, a buzzing sound may be 
heard, because the overloading pro- 
duces cross -modulation products. 

In some cases, the overloading may 
be so severe that the picture becomes 
inverted-black becomes white, and 
vice versa. Such an inversion does not 
always mean that overloading has oc- 
curred, however. This condition can 
be caused by improper tuning, for 
instance. It may also occur if you 

happen to interchange tubes while you 
are servicing a set. In some sets, it is 
possible to put the wrong tube in the 
video detector socket; the tube will 
still work as a detector, but its plate 
and cathode connections may be re- 
versed, with the result that the picture 
phase will be inverted. Ordinarily, of 
course, such a change will cause other 
peculiarities in the picture at the same 
time, but the first characteristics you 
notice may be the reversed image. 
You should suspect that an inter- 
change of tubes has occurred if the 
picture phase is inverted suddenly 
during servicing of the set, and noth- 
ing is apparently wrong with the con- 
trast control. 

Generally speaking, a set can be 

Courtesy Phileo 
FIG. 8. Excessive contrast (usually caused by setting contrast control somewhat too 

high). 
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FIG. 9. Excessive brightness. 

overloaded only if it is located where 
the signal is very strong. Of course, 
this condition would have existed 
since the set was placed in operation 
in that location, in which case it may 
have been corrected before by an at- 
tenuating pad in the transmission line. 
If this pad becomes defective, the 
set will be overloaded. If the pad is 
not defective, or if none was needed 
previously, and the station has not 
increased its power, the fact that a 
set overloads means that the contrast 
control has lost its ability to cut 
down the signal sufficiently. This may 
be the result of an open bleeder net- 
work that makes it impossible for the 
control to apply sufficient bias. 

Courtesy Philcb 

IMPROPER BRIGHTNESS 

The brightness control is almost the 
opposite of the contrast control in 
its effect on the picture. If the bright- 
ness control is set too low, the picture 
appears quite dark and has a very 
compressed range of shades of gray 
from light to black. In fact, the 
picture appears almost over-contrasty. 
On the other hand, if the control is set 
too high, the picture becomes washed 
out and resembles an under-contrasty 
picture. The vertical retrace lines be- 
come visible, as shown in Fig. 9, if the 
brightness control is set slightly too 
high. 

There are several defects within a 
receiver that may affect the bright - 
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ness. Whenever you find difficulty in 
setting the brightness to the proper 
level, you should first determine what 
kind of video amplifier the set has. If 
a d.c.-coupled amplifier is used, any 
abnormality in the operating voltages 
on any of the stages in the video 
amplifier may make it impossible to 
set the brightness control properly. 
If the amplifier is a.c. coupled, on 
the other hand, the only defect in the 
amplifier that can produce this effect 
is leakage in the coupling condenser 
between the picture tube and the out- 
put video stage. If this condenser is 
not leaky, the only other possibilities 
are improper operating voltages on the 
picture tube, a defect in the brightness 
control itself or in its supply, or a de- 
fective picture tube. 

If you find that rotating the bright- 
ness control of an a.c.-coupled set 
seems to have no effect on the bright- 
ness, most likely the control is de- 
fective, although it is possible that 
cathode -to -heater leakage in the pic- 
ture tube may be the source of trouble. 
If the control is part of a voltage - 
dividing arrangement in the power 
supply, don't overlook the fact that 
an open in the voltage -dividing cir- 
cuit could cause the loss of control 
action. 

PICTURE DISCOLORATION 

The black -and -white image pro- 
duced on a direct -view tube is achieved 
by depositing a mixture of several 
different phosphors on the tube face. 
By themselves, some of these phosphors 
would produce a blue image, others 
would produce a yellow image. The 
proper combination of the two phos- 

phors gives an acceptable white. If 
something goes wrong during the man- 
ufacture of a tube so that one or the 
other of the phosphors predominates, 
however, the picture on that particular 
tube may appear to have a blue - 
white, a yellow, or a brown tint. In 
a good tube, any tint should be barely 
noticeable, and it should not change 
appreciably during the useful life of 
the tube. 

If a customer complains that the 
picture on his set has turned yellow 
or brown, you will usually find that 
this is the result of a decrease in the 
output of the high -voltage supply. 
Such a decrease causes the electrons 
in the cathode beam to strike the phos- 
phor with less energy than is normal, 
with the result that the phosphor is not 
excited sufficiently to glow white. If 
this occurs, the picture will also be- 
come somewhat enlarged, because a 
reduction in the high voltage decreases 
the stiffness of the beam so that the 
deflection system can over -sweep it. 
The image may also appear some- 
what fuzzy and out of focus around 
the edges of the picture. 

Since all these indications point to 
some defect in the high -voltage sup- 
ply, a check of the high voltage and 
a check of the components should 
bring you to the trouble. If the set 
uses an r.f. high -voltage supply, the 
decreased output may have been 
caused by a frequency drift. If the set 
uses a fly -back supply, a reduced 
output from the horizontal sweep out- 
put tube may be the cause. The latter 
condition can be caused by a weak 
tube, by lower -than -normal operating 
voltages, or by a reduced amount of 
drive from the horizontal sweep shaper 
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circuits. A check of the tube, its vol- 
tages, and the drive will show whether 
or not any of these is at fault. 

About the only other condition that 
may affect the ability of the face of 
the tube to reproduce a picture prop- 
erly is that a black or brownish spot 
may develop in the center of the tube 
face. Very little or no picture will be 
visible in the affected area. This spot 
is the result of ionic bombardment of 
the center of the tube face. This con- 
dition is likely only on those few large 
tubes that have no ion traps. On these 
tubes, ion traps were omitted because 
it was assumed that the ions would 
spread out so that this burning of the 
screen would not occur; this doesn't al- 
ways happen. 

When an ion spot develops, the 
tube must be replaced. If the tube 
has lasted a reasonable length of time, 
the fact that it has developed a spot 
should not be considered surprising. 

If the spot occurs within a short period 
of time after the tube has been put 
into use, however, it would be well to 
consult the set or tube manufacturer 
to learn whether or not the particular 
set or tube requires special treatment 
to prevent the development of a spot. 

While we are discussing picture tube 
troubles, let us mention that you may 
find that the picture tends to "bloom" 
or grow larger as the set warms up. 
If the blooming is excessive, you will 
usually find that it is caused by a 

shift in the operating potentials ap- 
plied to the picture tube. A gradually 
developing cathode -to -heater leakage, 
or changes in the low -voltage or high - 

voltage supplies may change the oper- 
ating characteristics. Incidentally, it 
is normal for the picture to bloom 
somewhat if you increase the bright- 
ness by turning up the brightness 
control. 

Interference Overlays 
So far, we have covered cases in- 

volving a dead set, troubles with the 
sweep circuits, and difficulties that 
cause smearing and other aberrations 
in the picture. We shall now discuss 
cases in which the picture is normal 
except that it is overlaid by some 
interference pattern. If hum or sound 
bars appear in the picture, for ex- 
ample, their characteristic interference 
patterns will be seen as an overlay on 
the picture. Various other forms of 
interference, such as those produced 
by diathermy and ignition noises, and 
by beats between r.f. signals and 
ghosts, may also be seen. 

HUM 

The normal sources of hum or ripple 
in a TV set are the same as in a radio 
receiver: cathode -to -heater leakage in 
a tube, or defective filter condensers 
in the power supply. Cathode -to - 
heater leakage is the most common 
source, because TV receivers have such 
high -capacity, multiple -section filters 
that defective filtering is rather rare. 

If the trouble arises in the power 
supply, the hum signal is likely to get 
into a number of sections of the re- 
ceiver at the same time, and may 
therefore cause rather complex effects. 
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FIG. 10. 6O.cycle hum. 

Naturally, if an audio stage is in - 
valved, you will be able to hear hum 
from the loudspeaker. 

The exact nature of the hum pattern 
produced on a picture depends on just 
where the hum is getting in, and on its 
source. If the hum is primarily in the 
video amplifier section and arises from 
cathode -to -heater leakage or from a 

filter defect in a set using half -wave 
rectification, half of the picture will 
be blanked once each frame in syn- 
chronism with the 60 -cycle hum. 
Therefore, approximately, half the pic- 
ture will disappear behind a broad 
black bar. It is rather rare to find 
that the bar covers exactly the top or 
the bottom half of the picture; instead, 
you are much more likely to find that 
the bar blanks the middle of the pic- 
ture as shown in Fig. 10, or that it 
blanks the top and the bottom as 
shown in Fig. 11. The exact position 
of the bar depends on the relative 
phasing of your 60 -cycle power supply 
and that of the transmitter. If there 
is any drift in the frequency of either 
of these power supplies, this bar may 
move gradually up or down the pic- 
ture. 

Of course, if the hum is caused by 

ARI TV Lab Photo 

FIG. 11. Another effect caused by 60 -cycle hum. 
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FIG. 12. Hum in horizontal deflection circuit. 

poor filters in a set that uses full -wave 
rectification, the ripple frequency will 
be 120 cycles, so there will be two bars 
across the picture. This clue points 
at once to a filter defect. A 60 -cycle 
pattern in a set that uses full -wave 
rectification normally indicates cath- 
ode -to -heater leakage, but in a set 
that uses half -wave rectification, you 
must check to find the source of the 
60 -cycle hum. 

If very much hum gets into the 
deflection circuits, the picture will ex- 
hibit an unusual form of distortion. 
Fig. 12 shows hum ripple in the hori- 
zontal deflection circuit. Notice that 
there is apparently a ripple from the 
top to the bottom of the picture along 
each edge. When this ripple is ex- 
treme, the distortion somewhat re- 
sembles the overloading that is seen 

NRI TV Lab Photo 

when the contrast control is set too 
high. 

If the ripple gets into the vertical 
deflection system, the picture will have 
a wave in it that will resemble poor 
vertical linearity; however, you can 
distinguish between the two by the 
fact that this wave is likely to move 
slowly as the phase difference between 

Cowàesy R0A 
One momentary effect produced by hum 

in the horizontal sweep. 
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Huns in the vertical sweep will produce a 
ripple that moves vertically through the 
picture. Here you see the effect pro- 
duced for an instant by such a ripple. 

the local and the station power sup- 
plies shifts. 

Obviously, the ripple must be 
rather high in amplitude to cause so 
much difficulty in the deflection cir- 

cuits, where the voltages are ordinarily 
fairly high. If hum of such an ampli- 
tude is developed in the power supply, 
it will usually get into the video am- 
plifiers as well as the deflection cir- 
cuits and will produce hum bars in the 
picture in addition to a ripple. If only 
a ripple is produced, therefore, the 
source is almost sure to be cathode - 
to -heater leakage in a tube in the 
offending deflection circuit rather than 
an ineffective power -supply filter. 

SOUND BARS AND 

R.F. BEATS 

If a sound signal gets into the pic- 
ture circuits, the effect it produces on 
the picture is similar to that produced 
by3 hum. As Fig. 13 shows, a tone 
signal in the picture circuits produces 
several bars across the picture, the 

NRI TV Lab Photo 
FIG. 13. Sound bars. 
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FIG. 14. R.F. interference. 

number depending on the frequency of 
the interference. Each alternate half - 
cycle of the interfering signal will 
produce a dark bar. Therefore, since 
the picture is created 60 times a 
second, the number of bars will be 
equal to the number of cycles per 
second of the interfering signal divided 
by 60. (Or, the interfering frequency 
is 60 times the number of bars.) If the 
interfering frequency is an exact mul- 
tiple of 60 cycles, the pattern will 
stand still; if not, the pattern will 
appear to run up or down the picture, 
as long as the frequency is less than 
the line -scanning frequency of 15,750 
cycles. 

In the example shown in Fig. 13, 
the interference may represent the 
tone modulation that is transmitted 
along with the test pattern. The pres- 

! RI TV Lab Photo 

ence of 9 bars shows the frequency to 
be about 540 cycles (60 x 9) ; at least 
it is between this value and 600 cycles 
which would be shown by 10 bars. If 
the tone is not exactly 540 cycles, the 
pattern will run up or down on the 
picture. 

If the sound is voice or music in- 
stead of a single tone, the number 
of bars in the pattern will vary 
rapidly, but will be exactly in step 
with the frequencies in the sound 
signal. 

The presence of sound bars in the 
picture usually indicates improper 
tuning or that the set has gotten some- 
what out of alignment. If the sound 
traps in the video i.f. amplifier are 
out of adjustment, for example, too 
much of the sound signal may reach 
the video detector, where slope de - 
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tection may produce an audio signal 
that will then accompany the picture 
signal to the output. As we said, all 
such alignment problems will be dis- 
cussed later. 

An r.f. beat between two different 
signals also produces a series of bars, 
but in most cases they are nearly 
vertical, as shown in Fig. 14. This 
comes about because the position of 
the bars (horizontal or vertical) de- 
pends on the frequency of the inter- 
ference with respect to the horizontal 
or line frequency of a TV receiver. 
When the frequency of the interfering 
signal is less than 15,750 cycles, the 
bars are horizontal; when it exceeds 
the line frequency, the bars become 
vertical, because the interference oc- 
curs at least once every line. As you 
know, the number of horizontal bars 
is equal to the interfering frequency 
divided by 60; similarly, the number 
of vertical bars is equal to the inter- 
fering frequency divided by 15,750 
(the line frequency). 

The exact number of vertical bars 
that will be seen, therefore, depends 
on the frequency difference that is 
producing the beat note. If this dif- 
ference varies (as it will, for example, 
if one of the beating signals is fre- 
quency modulated), the number and 
position of the bars will vary likewise. 
As you learned in an earlier Lesson, 
r.f. interferences may be produced by 
beats between signals from nearby 
stations, or may be the result of beats 
between harmonics of the local oscil- 
lator and other signals. In general, 
the only effective cures are re -align- 
ment of the receiver, re -orientation of 
the antenna, and the installation of 
traps tuned to the interfering signals. 

MAN-MADE INTERFERENCE 
Among the most common sources of 

man-made interference áre diathermy 
and ignition systems. Figs. 15 and 16 

show what the patterns produced by 
these interferences look like. 

Ordinarily, no defect within the 
receiver can produce these patterns, 
To remove diathermy interference, as' 
you know, you may have to re -orient 
the antenna, shield the lead-in, install 
traps, and perhaps run down the 
source of the trouble. Re -orienting or 

Courtesy/ RCA 
Effect produced by weak diathermy inter- 

ference. 

re -locating the antenna and shielding 
the lead-in are also the methods used 
to attempt to clear up interference 
from auto ignition systems and similar 
sources. 

Excessive noise produced within a 
set may tear up the picture in some- 
what the same manner that auto igni- 
tion interference does. Such noise can 
be caused by a poor connection or a 
defective tube in a video circuit. Poor 
contacts in the selector assembly of 
the input tuner are also capable of 
causing it. A certain amount of aud- 

7 
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FIG. 15. Diathermy interference. 

NRI TV Lab Phcto 
FIG. 16. Auto ignition interference. 
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ible noise may also be produced if 
this latter defect exists, but the fact 
that you do not hear any noise does 
not mean that the contacts are all 
right. After all, the sound channel is 
intended for f.m. signals, so it will 
tend to wipe out much of the noise. 

Oourteay RCA 
FIG. 17. Ghosts. 

You can find out whether or not the 
noise is produced in the set, if it is 
not necessary for the picture to be 
present for the noise to occur, by dis- 
connecting the antenna lead-in and 
observing the picture raster. If the 
level of the visible noise then decreases 
markedly, it is coming chiefly from 
some outside source. If the noise level 

does not drop much when the lead-in 
is disconnected, either the noise is 
being produced within the set or it is 
coming in over the power line. You 
can use an r.f. filter in the power line 
to find out if it is the source of the 
interference; if not, the noise is being 
produced in the set, and its source can 
be located by following an isolation 
procedure. 

Finally, a kind of interference is 

produced by ghosts. Fig. 17 shows one 
example. Such ghosts are generally 
a result of reception over multiple 
signal paths, and the only effective 
cure is to re -orient the antenna. or 
to change its location so as to avoid 
the reflected signal. 

Ghosts can be caused by extreme 
misalignment, however, and may also 
be produced if there is a path that will 
cause a regeneration of the signal with 
an appreciable phase delay. The latter 
kind of path may be the result of loss 

of capacity of a filter or by-pass 
condenser, which may then permit 
feedback through a power -supply cir- 
cuit. The conditions under which mis- 
alignment may produce ghosts will be 
described elsewhere in your Course. 

Oscilloscope Characteristics 
As you have learned in earlier Les- 

sons, an oscilloscope can be used in 
servicing sound radio receivers, but it 
is not one of the vital instruments for 
this purpose. A good oscilloscope is an 
absolute necessity in television ser- 
vicing, however. 

The signals in the various circuits of 

a TV set are often required to have 
unusual shapes that must be closely 
maintained if the set is to work 
properly. It is often possible for them 
to depart from these shapes in such a 
way that an amplitude -measuring in- 
strument (such as a v.t.v.m.) will not 
indicate any change. Hence, the os - 
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cilloscope is particularly valuable, 
because it not only acts as a measure- 
ing device to show you the amount of 
signal, but it also lets you see the 
shape of the signal. 

For this reason, an oscilloscope is 
much used in isolating trouble to a 
specific stage or circuit in TV ser- 
vicing. Also, as we have said, it is an 
extremely useful piece of equipment 
for alignment. 

An oscilloscope also helps you to 
learn what actually happens in dif- 
ferent stages of a working TV receiver, 
and helps you to grasp more easily the 
action of the different stages, and thus 
obtain a more thorough understanding 
of the operation of the set. 

TYPICAL OSCILLOSCOPE 
You studied the workings of the 

cathode-ray oscilloscope in earlier Les - 
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sons. Let us briefly review the subject 
now to refresh your memory. 

Fig. 18 shows a block diagram of 
the major sections of a serice oscil- 
loscope. The signal that you want to 
analyze is fed to the deflecting plates 
that move the beam vertically. If the 
voltage is large enough, switch SW, 
should be thrown to position 2 so that 
the signal will be applied directly to 
the deflecting plates. If the signal is 
small, on the other hand, switch SW4 
should be thrown to position 1 so that 
the signal will be fed through the 
vertical amplifier. A gain control in 
the vertical amplifier can be adjusted 
to keep the deflection within the limits 
of the tube face. 

The signal that is applied to the 
vertical plates, if it is an a.c. signal, 
will deflect the electron beam up and 
down in a straight line, thus producing 

HORIZONTAL 
AMPLIFIER 

SWEEP 
GENERATOR 

VERTICAL 
AMPLIFIER 

FIG. 18. Block diagram of a typical oscilloscope. 
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a vertical trace on the face of the tube. 
The height of the deflection will be 
proportional to the peak value of this 
voltage, but, of course, we cannot see 
its shape unless we spread out the 
wave trace horizontally. Therefore, 
we need another signal applied to the 
horizontal deflecting plates. This sig- 
nal may come from an external source 
or from an internal sweep generator. 

When switches SW, and SW2 (Fig. 
18) are in position 1, any external 
signal applied to the horizontal input 
terminals of the oscilloscope will be 
fed through the horizontal amplifier. 
If this signal is large, switch SW, 
should be thrown to position 2, in 
which case this external signal will be 
applied directly to the horizontal de- 
flecting plates. 

If the sweep generator is to be used, 
switch SW2 should be thrown to posi- 
tion 2 so that the output of the sweep 
generator will be fed through the hori- 
zontal amplifier. All oscilloscopes of- 
fer three ways to provide synchroni- 
zation of the sweep generator. In the 
one shown in Fig. 18, throwing switch 
SW3 to position 1 will permit an ex- 
ternal synchronization voltage to be 
fed to the sweep generator. If it is 
thrown to position 2, the sweep gener- 
ator will be locked to a 60 -cycle 
source, which is a very commonly 
used sweep rate. If it is thrown to 
position 3, a portion of the signal 
applied to the vertical amplifier will 
be tapped off and used to synchronize 
the sweep generator with the incoming 
signal. 

In brief, this is the procedure that 
you should follow to operate a c.r.o. 
pf this kind. First, turn it on and 

adjust the intensity and focus the 
controls to give a fine, bright spot. If 
necessary, adjust the horizontal and 
the vertical centering controls to 
center this spot in the center of the 
screen. Then, apply the signal to be 
analyzed to the vertical deflecting 
system, and apply either the sweep 
signal or an external horizontal signal 
to the horizontal amplifier. 

If the wave shape is to be repro- 
duced exactly, the sweep generator 
must produce a saw -tooth voltage that 
will sweep the beam from left to right 
at a rate that will reproduce at least 
one cycle of the signal to be observed. 
As a matter of fact, the sweep genera- 
tor is most commonly synchronized to 
a frequency one-half, one-third, or 
oñe-quarter the frequency of the vol- 
tage being observed, because this gives 
more than one cycle on the face of the 
tube. This is desirable, because a 
small part of the first cycle will be 
blanked while the sweep generator is 
getting into sync with the incoming 
signal. By having more than one 
cycle, and by viewing the cycles after 
the first one on the screen, you can get 
a much more exact idea of the wave 
shape. 

If the wave shapes are to be repro- 
duced accurately, the sweep should 
have a high degree of linearity. 

We mentioned applying voltages di- 
rectly to the deflecting plates. Natur- 
ally, the voltage being observed has 
to be quite high if it is to be applied 
in this manner. Most oscilloscope 
tubes have deflection sensitivities of 
from 25 to 40 volts per inch per 
thousand volts on anode 2. Thus, if 
the second -anode voltage is 1000 volts, 
and the sensitivity is 30 volts per inch, 

i 
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30 volts applied to the vertical plates 
will give 1 inch of deflection. How- 
ever, with 2000 volts on this anode, 
it will take 60 volts to give an inch of 
deflection on this same tube. There- 
fore, although such an increase in the 
anode voltage will give a brighter 
trace, it will also increase the amount 
of voltage necessary to give a fixed 
amount of deflection. 

For this reason, there is usually a 
compromise in the oscilloscope de - 

amount of deflection being propor- 
tional to the voltage. Application of a 
d.c. voltage to an a.c.-coupled ampli- 
fier will cause a momentary deflection 
of the spot as the coupling condensers 
charge, but the spot will return to the 
center of the screen as soon as the 
charging is completed. 

When an a.c. voltage is applied to 
either kind of oscilloscope, the spot is 

moved back and forth between the 
limits determined by the amplitude of 

20V. 

FIG. 19. Part A shows the relationship between the peak and r.m.s. values of a sine 
wave. Parts B and C show that the peak -to -peak amplitudes of a sine wave and a 
complex wave may be the same, even though the shapes of the two waves are very 

different. 

the signal and the setting of the level 
control of the vertical amplifier. 

PEAK VOLTAGES 
In servicing sound receivers, in 

which sine -wave signals or sine -wave 
signals plus a few harmonics are all 
that we are dealing with, we rarely 
have to worry about peak -voltage 
values. We know that our meters are 
calibrated to read r.m.s. (or effective) 
values, and that the peak value for a 
sine wave is about 1.4 times the r.m.s. 
reading. Conversely, the r.m.s. value 
is equal to the peak value multiplied 
by .707. Thus, if the peak value of a 
signal is . 10 volts, as shown in Fig. 
19A, the r.m.s. value that will be indi- 
cated by a voltmeter will be slightly 
over 7 volts. Since the peak of a sine 
wave reaches the same value on either 
side of the reference line, as shown in 

sign-enough second anode voltage is 
used to give a reasonably bright im- 
age, but not so much that an excessive 
deflection voltage will be required. 
After all, the signals with which you 
are dealing are, in many cases, quite 
low in amplitude. As a matter of fact, 
you will rarely be able to apply a sig- 
nal directly to the deflection plates; 
you will almost always use the ampli- 
fier. 

Ordinary a.c.-coupled amplifiers are 
used in most oscilloscopes intended for 
service work. In a very few, however, 
the amplifiers are d.c. coupled. The 
chief advantage of the latter kind is 

that it can be used to measure d.c. as 
well as a.c. voltages, because the ap- 
plication of a d.c. voltage to the input 
terminals will cause a deflection of the 
spot from its center location, the 
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Fig. 19B, the peak -to -peak value of a 
sine -wave voltage (which is the sum of 
the two peaks) is twice either of the 
peaks. 

In TV work, however, we are deal- 
ing with waves that are not sine waves. 
The wave shapes of the signals in a 
TV set include many combinations of 
square and rectangular forms, and 
often contain a d.c. component as well. 
If we try to measure the voltage of 
any such wave with an ordinary volt- 
meter or a vacuum -tube voltmeter, we 
shall find that our readings do not 
mean very much, because the rela- 
tionship between the peak, r.m.s., and 
average values of a wave depends on 
A wave shape, and our instruments 
are calibrated for sine waves only. 

We must, therefore, use some other 
instrument to measure the amplitudes 
of the signals in TV circuits. The 
oscilloscope is ideal for this purpose, 
since it can be calibrated to indicate 
the peak -to -peak voltage of any wave, 
regardless of its shape, and will let us 
see the wave shape at the same time. 
Generally speaking, peak -to -peak volt- 
ages are the only characteristics of 
such waves that we are interested in 
as far as amplitude measurements are 
concerned. Such factors as r.m.s., aver- 
age, and single -peak amplitudes mean 
little when we are dealing with a wave 
that is not a sine wave and that may, 
as Fig. 19C shows, be of different peak 
amplitudes on the two sides of the 
reference line. The peak -to -peak am- 
plitude of a complex wave, however, 
shows us how much signal the wave 
represents, regardless of its shape and 
of its position with respect to the zero 
reference line. For these reasons, ser - 
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vice instructions dealing with circuits 
in which complex signals exist always 
give peak -to -peak values when they 
discuss signal -voltage amplitudes. 

Calibration. If an oscilloscope is 
to be used as a voltage -measuring de- 
vice, it must be calibrated so that we 
will know just what voltage is indi- 
cated by the deflection we see. Of 
course, the amount of deflection that 
is produced by any applied voltage 
depends on the deflection ..ensitivity of 
the oscilloscope tube. If the applied 
voltage is fed to the tube through the 
vertical amplifier, the deflection also 
depends on the gain c ` the amplifier. 

To calibrate an oscilloscope so that 
it will measure peak -to -peak voltage, 
proceed as follows. First, place a 
transparent graph scale over the face 
of the oscilloscope tube as shown in 

FIG. 20. Use of a grid to indicate relative 
amplitudes of oscilloscope deflections. 

Fig. 20, if one is not already on your 
tube. Next, apply a sine -wave voltage 
having a known peak -to -peak value 
to the input of the vertical amplifier. 
Reduce the horizontal gain to zero so 
that only a vertical line is produced. 
Next, adjust the vertical gain control 
until as many blocks as you wish are 



filled by this line. This completes the 
calibration process for the particular 
setting of the vertical gain control 
that you lave chosen. If you now re- 
move the known signal and apply any 
other signal to the vertical plates, 
leaving the vertical gain control in the 
same position, the amount of deflec- 
tion produced will be proportional to 
the deflection caused by the known 
voltage. 

For example, let us suppose that you 
apply a sine -wave a.c. signal of 6.3 
volts r.m.s. to the vertical input as the 
known calibrating voltage. This signal 
has a peak -to -peak value of approxi- 
mately 18 volts. You can find the 
peak -to -peak value from the r.m.s. 
value by multiplying the latter by 2.8 
(multiply by 1.4 first to obtain the 
peak voltage, then by 2 to obtain the 
sum of the voltage of both peaks). If 
you adjust the vertical gain control so 
that the line produced by this signal 
includes exactly 6 blocks as illustrated 
by the solid line in Fig. 20, each block 
must then represent a deflection equal 
to 3 volts. 

To measure an unknown voltage, all 
you need to do is to remove the cali- 
brating signal and apply the signal 
that is to be measured to the vertical 
input. The deflection produced will de- 
pend on the peak -to -peak amplitude 
of this new signal. If a total deflection 
of three blocks is produced, as shown 
by the broken line in Fig. 20, the 
peak -to -peak amplitude of the new 
signal is 9 volts. If the deflection is 
4 blocks, the peak -to -peak amplitude 
of the signal is 12 volts. 

If the signal you are trying to mea- 
sure has a much higher amplitude than 

your calibrating signal has, it may 
produce a line that goes off the screen. 
If so, apply the calibrating voltage 
again, and adjust the vertical gain 
control until the 18 -volt signal covers 
only 2 or 3 blocks. Each block will 
now represent a higher voltage as long 
as the vertical gain control is at its 
new position, and therefore a higher 
unknown voltage can be measured be- 
fore the deflection trace it produces 
goes off the screen. 

Let's summarize the procedure you 
should follow to use an oscilloscope as 
a peak -to -peak voltmeter. First, 
measure your calibrating signal with 
a reliable a.c. voltmeter, then convert 
the r.m.s. reading that the voltmeter 
gives you into a peak -to -peak voltage. 
Next, set the gain control of the verti- 
cal amplifier of the oscilloscope to 
give you a convenient deflection for 
this voltage, and leave the control at 
this position when you check the un- 
known voltage you are measuring. If 
the unknown voltage is so large that it 
produces a deflection that goes off the 
screen, reduce the gain of the vertical 
amplifier and recalibrate the oscillo- 
scope. If you move the gain control 
after a calibration before you measure 
the unknown voltage, your readings 
will be meaningless until you recali - 
brate. 

TURNOVER 

In the preceding example, we have 
shown how to measure a voltage to 
determine its peak -to -peak amplitude. 
Although we suggested that the hori- 
zontal amplifier be turned off so that 
you get a line, you can, if you wish, 
observe the voltage at the same time 
by having it deflected from left to 
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right. Doing so will not prevent you 
from measuring the peak -to -peak volt- 
age, but does make it a little more 
difficult. 

When you are observing a signal, 
either to measure its amplitude or to 
see its shape, you may find that it is 
upside down compared to the picture 
shown in the manufacturer's test man - 

FIG. 21. Either an upright (A) or an 
inverted (B) trace can be used to de- 

termine the shape of a signal. 

ual. This is entirely normal-whether 
or not it happens depends on the num- 
ber of stages and the methods of 
coupling between stages in your oscil- 
loscope compared to those in the oscil- 
loscope used by the manufacturer. 
Thus, the manufacturer's service in- 
formation may show that the signal 
at a certain point should look like 
wave A in Fig. 21, but on your oscillo- 
scope the signal at that point may 
look like wave B. Since these two 
waves are exactly alike except that 
one is inverted with respect to the 
other, you should consider that the 
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wave you have found is of the correct 
shape. 

Some oscilloscopes have a phase - 
reversing switch that interchanges the 
connections between the cathode-ray 
tube and the vertical amplifier. If 
yours has such a switch, you can in- 
vert the image if it happens to be up- 
side down. However, once you are used 
to it, an upside-down image is just as 
useful as a "normal" one is. 

Of course, as you move along stage - 
by -stage in tracing a signal, the wave 
picture is naturally going to turn over 
every time you pass through another 
stage, since you invert the signal 180° 
in phase when you do so. In general, 
therefore, you should be interested 
only in the basic shape of the wave, 
and you should expect it to be upside 
down part of the time. 

SENSITIVITY 
The term "sensitivity," when it is 

applied to an oscilloscope, refers to 
the amount of signal that must be ap- 
plied to the input of the vertical am- 
plifier to produce a standard deflec- 
tion. Ordinarily, this sensitivity is 
expressed in terms of volts -per -inch 
(or volts -per -centimeter), just as the 
deflection sensitivity of a c.r. tube is. 
The fact that an oscilloscope has a 
maximum sensitivity rating of 1 volt - 
per -inch, for example, means that a 
1 -inch deflection will be produced on 
the face of the oscilloscope when a 
1 -volt signal is applied to the input of 
the vertical amplifier with the latter 
adjusted to give maximum gain. 

An oscilloscope that is to be used 
for TV service work must be fairly 
sensitive, because it must operate 
from rather low voltage levels in cer- 
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tain cases. For example, if you are 
signal -tracing through the sync chain, 
you are going to find some voltages 
that have very low peak -to -peak val- 
ues. Also, in aligning a TV set, you 
will sometimes find it necessary to 
measure a signal after it has been fed 
through only one stage, the gain of 
which may be quite small. 

In rating the vertical amplifiers of 
oscilloscopes, manufacturers use either 
an r.m.s. volts -per -inch, or a peak -to - 
peak volts -per -inch rating. You will 
have to be careful to notice which 
rating is used when you are comparing 
the characteristics of two oscilloscopes. 
For example, if one instrument is 
rated at .5 volt r.m.s. per inch, and 
another at 1.4 volts peak -to -peak per 
inch, the sensitivities of the two are 
the same. (Multiply the r.m.s. value 
by 2.8 to get the peak -to -peak, or 
divide the peak -to -peak value by 2.8 
to get the r.m.s.) 

When the rating is in volts per 
centimeter, multiply the rating by 
2.54 to find the volts per inch. 

A rating of .2 volt peak -to -peak 
per inch is considered very good; this 
corresponds to about .07 volt r.m.s. 
per inch and to about .079 volt peak - 
to -peak per centimeter. Any rating 
smaller than these shows even more 
sensitivity (that is, a rating of .1 volt 
peak -to -peak per inch is better than 
one of .2). An oscilloscope having a 
sensitivity rating of .6 volt peak -to - 
peak per inch or better will be satis- 
factory for TV servicing use. 

FREQUENCY RESPONSE 
Most ordinary service oscilloscopes 

can be used in aligning TV sets as 
long as they have a good response to 

frequencies in the neighborhood of 60 
cycles. A good high -frequency response 
is not needed for alignment. In fact, 
as you will learn in another Lesson, 
it is desirable to have the oscilloscope 
response cut off at a fairly low fre- 
quency (50 to 100 kc.) if it is to be 
used as an output indicator during 
the alignment of a set. 

On the other hand, if you are going 
to use your oscilloscope to trace sig- 
nals that may contain components 
ranging 
quency, 
going to 

up to 4 megacycles in fre- 
and particularly if you are 
use it for square -wave testing 

(bu, tesy RC .t 
oscilloscope that can be used in 

TV servicing. 
of a TV receiver, it must have a very 
good high -frequency response. For 
square -wave testing, the response 
should extend to a frequency at least 
10 and preferably 20 times as great 
as the highest -frequency square -wave 
test signal that will be used. For sig- 
nal tracing, it is desirable to have the 
frequency response extend practically 

A typical 
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as high as the highest frequency that 
may be expected in the signal that is 
being traced. Therefore, oscilloscopes 
intended for TV work quite generally 
have responses extending to one or two 
megacycles and even more. Of course, 
getting the necessary gain over so 
wide a frequency band calls for the 
use of TV circuit techniques in the 
vertical amplifier (which is quite simi- 
lar, as a matter of fact, to the usual 
video amplifier). The same techniques 
must also be used to get the good 
low -frequency response needed for 
alignment. 

For these reasons, the gain -per - 
stage is not extremely high in the 
vertical amplifier of a TV test oscil- 
loscope. Further, you will find that the 
older oscilloscopes that were designed 
primarily for sound radio servicing do 
not have the sensitivity and frequency 
response needed for TV servicing. 

GAIN CONTROL 

In an oscilloscope intended for ordi- 
nary radio servicing, the gain control 
for the vertical amplifier is usually 
placed right at the input terminals. 
Such an arrangement is not desirable 
in an instrument that is to be used for 
TV servicing, however. 

When the gain control is connected 
directly across the input terminals, 
there is a fairly high capacity between 
the terminals. When the oscilloscope 
is connected to the circuits that are 
being tested, this shunting capacity 
may reduce the frequency responses of 
the circuits and thus affect the shapes 
of the waves that you are trying to 
see. 

One way out of this difficulty is to 
connect the oscilloscope input termi- 

nals directly to the grid of the first 
tube in the vertical amplifier, and then 
to put the gain control between the 
first and the second amplifier stages. 
This arrangement reduces the input 
capacity but also makes it possible 
for a strong signal to overload the 
first tube in the vertical amplifier. 

There are several methods of re- 
ducing the danger of overloading. In 
one design, a cathode -follower circuit 
is used for this purpose: the load for 
the first tube in the vertical amplifier 
is placed in the cathode circuit, and 
the resulting degeneration makes it 
possible for the grid to handle a 
fairly high input signal. Another ar- 
rangement makes use of an input 
voltage divider having very low ca- 
pacity that can be switched in when 
necessary to reduce the strength of the 
input signal to some fraction of its 
original value-usually to one -tenth. 
Thus, when the divider is switched in, 
only one -tenth the signal is applied to 
the grid of the first tube. 

In summary, we can say that you 
are not likely to overload the oscillo- 
scope if the gain control is across the 
input terminals, but the input capacity 
may affect the circuits that are being 
tested. If the gain control is between 
the stages, on the other hand, the in- 
put capacity will be too low to cause 
trouble, but you will have to be careful 
to limit the input signal so that it can- 
not overload the first tube. Read the 
manufacturer's instructions accom- 
panying the oscilloscope you buy to 
learn what is said on this subject. 

Incidentally, it is possible to over- 
load an oscilloscope if you run the 
gain control so high that the trace 
sweeps beyond the face of the tube. 
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You should try to keep the deflections 
in both the vertical and the horizontal 
directions well within the edge of the 
face. Because of this, an oscilloscope 
using a c.r. tube smaller than 3 inches 
in diameter is not practical, and those 
with 5 -inch or 7 -inch tubes are better 
because they permit you to use images 
of reasonable size without fear of 
causing excessive distortion because of 
overloading. 

To sum up these requirements, an 
oscilloscope that is to be used in tele- 
vision servicing must have: high sensi- 
tivity; good low -frequency response 
(down to 60 cycles or better) ; good 
high -frequency response (up to 1 mega- 
cycle or more is the oscilloscope is to 
be used for square -wave testing or for 
signal tracing) ; and, finally, a low in- 
put capacity so that it will not affect 
the circuits that are being checked. 

Using an Oscilloscope 
in TV Servicing 

As we have said, an oscilloscope can 
be used in TV service work to examine 
the wave shape and to measure the 
peak -to -peak values of the signal volt- 
ages in various stages. It is also useful 
when you are aligning a TV set. 

In addition, the oscilloscope can be 
used to check the frequency of any 
signals seen. This is possible because 
the frequencies of the sweep generator 
of the oscilloscope are either marked 
on the sweep control, or can readily 
be determined by a calibration process. 
When the sweep generator frequency 
exactly matches the frequency of the 
incoming signal, you will see one cycle 
of the wave being analyzed. By re- 
ferring to the calibration of the sweep 
generator when only one cycle is visi- 
ble, therefore, you can determine the 
frequency of the incoming signal. If 
you see two cycles of the incoming 
signal, the sweep generator is operat- 
ing at half the frequency of the signal, 

and so on. In each case, the frequency 
of the incoming signal is equal to the 
sweep generator frequency multiplied 
by the number of cycles visible. If the 
calibration of the sweep generator is 
not exact, you can determine the un- 
known frequency by comparison with 
known frequencies. The method of do- 
ing so has been described elsewhere in 
your Course. 

Signal Tracing. The oscilloscope is 
directly usable for signal tracing in the 
audio, video, sync, and sweep sections. 
By this statement, we mean that it can 
be used throughout the audio ampli- 
fier just as a signal tracer would be 
used in a sound receiver. It can also 
be used to trace the video signal from 
the video detector through the video 
amplifier to the grid of the picture 
tube if the oscilloscope has a suffi- 
ciently wide frequency response. Fi- 
nally, it can be used to follow the 
synchronizing signal through the sync 
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chain and the sweep signals through 
the vertical and horizontal sweep 
chains. In each of these uses, no spe- 
cial equipment that is not already in- 
corporated in the instrument is re- 
quired. 

Let us remind you, however, that the 
sweep voltages reach very high values, 
so it is quite easy to overload the in - 
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FIG. 22. Schematic diagram of a crystal 
detector probe. 

put of the oscilloscope when you are 
using it to examine the shapes of 
sweep signals. Also, you will have to 
be careful about d.c. voltage levels. 
There may be blocking condensers in 
your oscilloscope that cannot with- 
stand some of the high voltages that 
are found in many sweep circuits. For 
these reasons, you will have to mea- 
sure the sweep signals with caution. 
In particular, unless you use a voltage 
divider of a kind to be described later 
to protect your oscilloscope, do not 
attempt to use it to make a direct 
measurement of the sweep output 
voltage in a set using electrostatic de- 
flection, of the voltage at the plate of 
the horizontal sweep output amplifier 
in a set using electromagnetic deflec- 
tion, or of the a.c. voltage across the 
horizontal deflection yoke. 

The oscilloscope cannot give a use- 
ful indication of a signal too high in 
frequency to pass through its vertical 
amplifier, so it cannot be used directly 
in the i.f. stages. However, by recti- 
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fying the incoming signal so that the 
modulation is available for the oscil- 
loscope, you can use it to trace through 
the video i.f. and the sound i.f. ampli- 
fiers. For this purpose, you must buy 
or build a special detector probe that 
has an extremely low input capacity. 
(This probe must have a low capacity 
so that it will not upset the resonant 
circuits of the i.f. amplifiers.) A dia- 
gram of a typical probe of this kind 
is shown in Fig. 22. The 1N34 crystal 
detector rectifies the i.f. signal so that 
the oscilloscope can follow the modula- 
tion on the signal. This probe may also 
be used in alignment, as we shall show 
elsewhere. 

EFFECTS OF WAVE SHAPE 
You can learn a great deal about 

the operation of various sections in a 
TV receiver by examining the wave 
shapes that are found in each section. 
You are already familiar with the fact 
that the particular sweep -voltage 
shapes desired are obtained by care- 
fully shaping the output of an oscil- 
lator. As another Lesson pointed out, 
any change in the characteristics of 
the wave -shaping network will affect 
the shape of the sweep voltage, and 
will therefore produce non -linearity in 
the sweep. In turn, this will cause the 
picture to be non-linear in one form 
or another. 

Your earlier Lesson on the sweep 
circuits showed you what the ideal 
wave shapes are. In a practical set, it 
is possible for the sweeps to depart 
somewhat from these ideal shapes 
without producing too much distortion. 
When you are examining the sweep 
shapes in an actual set, therefore, you 
should find out what the service man - 



ual on that set nas to say about them. 
The tracings in such manuals are those 
that are obtained from a set in good 
working order, and indicate just how 
much variation from the theoretically 
perfect shape you can expect to find. 

As an example of what you can 
learn from a careful examination of 
wave shapes, let's suppose that we 
have an oscilloscope that is connected 
in the video amplifier, and that we 
have it adjusted so that we can see 
the horizontal line pulses and their 
blanking pedestals. 

If the pulse and the blanking pede- 
stal are normal, as shown in. Fig. 23A, 
the over-all frequency response of the 
receiver is about what it should be, 
and the picture should also be normal 
unless some defect exists beyond the 
point at which the oscilloscope is con- 
nected. 

On the other hand, let's suppose that 
the wave is distorted as shown in Fig. 
23B. Such a distortion is caused by a 
poor high -frequency response. Com- 
pare this carefully with the correct 
wave shown in part A of this figure. 
Notice that the pedestal of the latter 
has a front and back porch, and that 
the sync pulse is properly placed on 
the pedestal. When the high frequen- 
cies are lost, it is impossible for the 
circuit to follow the sharp frequency 
changes that are needed to produce 
the porches, and the slope or rise of 
this nearly square pulse is rounded off. 
When this condition occurs, the loss 
of high frequencies may result in a 
loss of picture detail. This condition 
may correspond to a misalignment of 
the sort shown by the alignment curve 
in Fig. 23B. 

On the other hand, if the high fre- 
quency response of a receiver is exces- 
sive, there will be an over -shoot on 

each vertical rise (Fig. 23C). When 
this occurs, the oscilloscope tracing 
will indicate that the voltage goes be- 
yond the correct point, and must then 
fall back to the right level. Such a 

condition will produce a form of re- 
versed ghost effect, because any sud- 
den change in shading in the picture 
will become even more abrupt than it 
should be. If the picture is supposed 
to change from black to light gray, 
for example, it may, instead, change 
from black to white, then to gray. 
Conversely, if it is supposed to change 
from white to dark gray, it may 
change from white to black before it 
becomes gray. As a result, each sharp 
change in shade in a picture will be 

FIG. 23. Various possible shapes of the 
horizontal sync pulse and the over-all 
frequency responses that produce them. 
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followed by a line that is lighter or 
darker than it should be. If there is 
much "bounce" or oscillation before 
the voltage settles down to the re- 
quired value, there may be a series of 
black and white lines or striations 
following sharp changes in the picture 
shading. 

Finally, as shown in Fig. 23D, the 
set may be deficient in its low -fre- 
quency response. This deficiency is 
indicated by the fact that the portions 
of the pulses that should be horizontal 
or level tend to slope off instead. This 
condition can be caused by a misalign- 
ment that has shifted the video i.f.- 
response curve in such a way that the 
picture carrier is way below the 50% 
response point. Such a misalignment 
is shown by the response curve in Fig. 
23D. (Of course, this loss of low fre- 
quencies can also be due to a defect 
in the video amplifier.) If the low - 
frequency response of a set is below 
normal, large picture areas that should 
be all of one shade will, instead, 
gradually trail off into a gray. Also, 
if the very low frequencies are lost, 
there will be a smeared picture, and 
perhaps a loss of vertical synchroniza- 
tion. 

Frequency Response Check. If 
the pulse that we are viewing is the 
horizontal pulse, it will not indicate a 
loss of low frequencies under 15 to 20 
kilocycles. Therefore, we will not be 
able to determine if there is any loss 
in the very low frequencies by ex- 
amining the horizontal pulse. 

There are, however, several other 
ways in which we can use an oscillo- 
scope to check the low- and high - 
frequency response of a set. If you 

suspect that the set is misaligned, you 
can S find out if your suspicions are 
correct by using a sweep signal gener- 
ator and an oscilloscope to see exactly 
what the response of the front end and 
the i.f. stages is like. The method of 
using these instruments for this pur- 
pose will be covered when we study 
alignment. 

If you believe that the loss is occur- 
ring in the video amplifier, you can 
feed signals at the frequencies you 
suspect through the amplifier, and de- 
termine its gain at each frequency by 
direct measurement. Alternatively, if 
a square -wave signal generator is 
available, you can feed a square -wave 
signal of about 60 cycles through the 
video amplifier and examine the re- 
sponse. If the trace produced on the 
oscilloscope is square, the low -fre- 
quency response of the video ampli- 
fier is normal. However, if it slopes 
off as does the top of the sync pulse 
in Fig. 23D, the low -frequency re- 
sponse of the amplifier is falling off, 
and there is a low -frequency phase 
shift. 

SIGNAL TRACING 

Most servicemen depend on a TV 
station for a signal source when they 
use an oscilloscope as a signal tracer, 
primarily because test equipment that 
is capable of simulating a TV signal 
is rather costly. However, the demand 
for such equipment is causing less 
expensive models to be put on the 
market, and eventually, the average 
serviceman may have a TV signal 
generator of his own. In such a case, 
the signal seen on the oscilloscope will 
depend on what the output signal of 
his equipment is. 
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If you do not have such a generator, 
but instead trace a broadcast TV sig- 
nal, there are certain basic kinds of 
signals that you will find in each 
section of every TV set. The exact 
forms of these signals do depend, how- 
ever, upon just what is coming in and 
upon the design of the set. Therefore, 
you must consult the manufacturer's 
service information to find out exactly 
what you should see when you trace 
through his sets. 

When you examine a signal with an 
oscilloscope, as you learned earlier, it 
is desirable to have at least two cycles 
visible on the screen, since you can 
then get a better idea of the actual 
wave shape than you could by ex- 
amining just one. The composite signal 
passing through the video amplifier 
contains not only the video signal it- 
self, but also the line and frame - 
blanking pedestals on which are the 
line and frame sync signals-in fact, 
the entire modulation transmitted in 
the composite signal. The video signal 
itself is, of course, constantly chang- 
ing, and it would be impossible to 
synchronize this to any satisfactory 
degree. . However, the horizontal or 
line -blanking pulse that occurs at the 
end of each line, and the vertical or 
field -blanking pulse that occurs at the 
end of each field are fixed and regular 
in frequency; the line frequency being 
15,750 cycles, and the field frequency, 
60 cycles. The oscilloscope can be 
synchronized with either of these 
pulses. Since we want two complete 
cycles, we must set the oscilloscope 
sweep to half the frequency of the 
blanking pulse that we want to sync 
with. Thus, a 30 -cycle sweep rate will 

cause a trace of the voltages that 
occur in two complete cycles of the 
vertical sweep to be produced, whereas 
a rate of 7875 cycles will cause a 
similar trace of the voltages in two 
complete horizontal sweeps. 

Video Amplifier Tracing. The sig- 
nals shown in Fig. 24 are typical of 
those that you might see in the video 
amplifier. The trace in part A of this 
figure shows what you will see if the 
oscilloscope sweep rate is 30 cycles; 
therefore, the two major traces seen in 
this figure represent two fields, and the 
empty area between them represents 
the blanking that occurs between 
fields. All of the lines in each field are 
mixed up in this kind of trace, so it 
gives you little information about the 
true nature of the video signal itself. 
It does give you a general idea of the 
appearance of the signal, however, and 
records the vertical blanking period 
with reasonable faithfulness. Also, you 
can use such a trace to measure the 
peak -to -peak value of the signal. It is 

FIG. 24. Traces representing two fields 
(A) and two lines (B), taken from the 

video amplifier. 
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useful for you to know what this value 
is, because the service manual for the 
set will usually tell you what it should 
be at various points in the video am- 
plifier. If you do not find the right 
value (which may be as low as 1 or 2 

volts at the output of the video de- 
tector, or as much as 60 volts at the 
grid of the picture tube), you will 
know, of course, that some defect 
exists. 

The trace shown in Fig. 24B is 
what you will see if the oscilloscope 
sweep is adjusted to be half the hori- 
zontal sweep rate of the signal. This 
represents two lines and the blanking 
space between them. Actually, of 
course, the trace is produced by all 
the lines that occur during the time 
that the oscilloscope is connected to 
this point in the amplifier, each pair 
of lines being superimposed on the 
pair that occurred before it. Since each 
line usually differs somewhat from all 
the others, the trace is not a clear 
representation of a pair of lines, but 
rather a mixture of the traces produced 
by a great many lines. 

The peak -to -peak voltage in this 
case is essentially the same as that 
represented by the trace shown in Fig. 
24A, since the peak -to -peak signal 
depends primarily on the height of the 
sync pulses above the zero level, a 
factor that will remain relatively con- 
stant even though the signal content 
itself does change. 

As you move along through the video 
amplifier, this trace will be inverted 
as you pass each stage, but its appear- 
ance should remain relatively the same 
except that it will be amplified. Of 
course, if the signal itself changes 

during the time it takes you to move 
the oscilloscope probes, the part of the 
trace that represents the video portion 
of the signal-the "smear" between 
the blanking intervals-will tend to 
change in characteristics somewhat. 

The peak -to -peak value of the sig- 

nal you find at any point should cor- 
respond to the value given by the 
manufacturer, if the local signal 
strength is normal. Regardless of this 
strength, you can determine the gain 

of any stage by dividing the peak -to - 
peak voltage at the output of the stage 
by its peak -to -peak input voltage. 

Sync Chain Tracing. The signals 
seen in the sync chain vary a great 
deal in their characteristics. If there 
is an input sync amplifier, it is quite 
likely to handle the entire signal, in- 
cluding the video portions. However, 
there may be some leveling or clipping 
in this stage to restrict amplitude 
changes caused by noise, so the signal 
may look somewhat different from 
that found in the video stages. 
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FIG. 25. Traces representing two vertical 
(A) and two horizontal (B) pulses, taken 

from the output of the clipper. 



At the output of the clipper, the 
video signal should be almost entirely 
removed, and you should get a series 
of pulses that consist mostly of the 
sync pulses. Once again you can get 
your oscilloscope to sync with either 
the vertical or the horizontal pulses, 

FIG. 26. Trace representing the output 
of the vertical integrating network. 

and can therefore view them individu- 
ally. A typical example is shown in 
Figs. 25A and 25B, the former showing 
two vertical and the latter two hori- 
zontal pulses. 

Any sync amplifier following the 
clipper will increase the amplitude of 
these signals if it is arranged as a 
straight amplifier. However, a second 
sync amplifier is often actually a sec- 
ond clipper, arranged to square off 
the pulses, and get rid of any stray 
noise, and any vestiges of the video 
signal. In such a case, the output may 
be below that of the first clipper, but 
the pulses should be more nearly 
square in their shapes. The voltages 
at the output of the clipper are usually 
somewhere around 50 to 75 volts, since 
a fairly strong signal is needed for the 
integrating and differentiating net, 
works. 

The output of the vertical inte- 
grating network consists of a series of 
pulses representing the vertical sync 
signal. As you will recall, this pulse 
is relatively broad in comparison to 
a line pulse (in fact, its duration is 
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equivalent to that of three or more 
complete lines), but it looks rather 
narrow on an oscilloscope when com- 
pared to the over-all sweep time of the 
complete field, as shown in Fig. 26. 

The pulse found in the output of the 
integrating network may be anywhere 
from 10 to perhaps 40 volts in peak - 
to -peak amplitude, depending on the 
set design. As you will recall, this 
pulse is used in most receivers either 
to unblock a blocking oscillator or to 
drive a multivibrator. 

The wave form to be seen in and 
around this oscillator depends upon 
the characteristics of the circuit. A 
typical example of the wave shape at 
the grid of a vertical blocking oscilla- 
tor is shown in Fig. 27. Here, the 
peak -to -peak voltage may be rather 
high-as much as 300 volts or more 
in some sets, depending on the induc- 
tive kickback of the blocking oscilla- 
tor transformer. The peak -to -peak 
voltage at the input of a multivibrator 
will be considerably less. 

The vertical sync signal will look 
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FIG. 27. Trace representing the wave 
shape at the grid of a vertical blocking 

oscillator. 

somewhat like the trace shown in Fig. 
28 when it is applied to the input of 
the vertical sweep output stage in a 
set that uses an electromagnetic pic- 
ture tube. Here, too, the peak -to -peak 
voltage may be surprisingly high, per- 
haps as much as 150 volts or so. Of 
course, only the tips of the positive 



peaks (which may be only about 20 

volts positive) are used to drive the 
vertical output tube. 

The signal that finally reaches the 
vertical deflection coils in a set in 
which electromagnetic deflection is 

used has the shape shown in Fig. 29. 
The peak -to -peak amplitude depends 
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FIG. 28. Trace representing the vertical 
sync signal at the input of the vertical 

sweep output stage. 

on the design of the coils; it is usually 
around 50 to 75 volts. 

Horizontal Sweep Tracing. The 
shapes of the signals coming through 
the horizontal sync chain depend on 
whether the set has an a.f.c. hori- 
zontal hold system or one of the pulse - 
shaping types. You should consult the 
service manual for the set you are 
working on to learn what wave shapes 
you should expect the sync signals to 
have. 

The wave shapes in the horizontal 
sweep chain depend on the kind of 
horizontal oscillator that is used. The 
horizontal oscillator is often a block- 
ing oscillator or a multivibrator, but 
it is quite possible for it to be a sine - 
wave oscillator, particularly if it is in 
a set that uses a horizontal a.f.c. sys- 
tem. 

In this last case, you will find a 

sine wave across the grid circuit of 
the oscillator but are quite likely to 
find a squared wave in its plate cir- 
cuit. If the set uses a blocking oscilla- 
tor or a multivibrator, the horizontal 

sweep signal will probably be shaped 
very much like the vertical sweep sig- 
nal, except, of course, that its fre- 
quency will be 15,750 cycles instead 
of 60 cycles. To reproduce two cycles 
of this signal on the oscilloscope, there- 
fore, you must set the oscilloscope 
sweep frequency at 7875 cycles. 

An example of the changes that 
occur in a horizontal sweep circuit 
that starts from a sine -wave oscilla- 
tor is given in Fig. 30. The grid input 
signal of the oscillator is shown in 

part A of this figure. Part B shows the 
signal in the plate circuit. 

After shaping, the wave resembles 
the one shown in part C, which repre- 
sents the signal that is fed to the grid 
of the horizontal -sweep output tube. 

A signal much like that in part D 
may be found at the plate of the hori- 
zontal output tube, but you should not 
attempt to measure this pulse without 
using special equipment-it may be as 
much as 6000 volts peak -to -peak! The 
coupling condensers in your oscillo- 
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FIG. 29. Trace representing the signal 
applied to the vertical deflection coils. 

scope cannot withstand such voltages; 
even if they could, these signals would 
drive the spot far off the screen. About 
the only way you can measure a volt- 
age of this kind is to use a capacitive 
voltage divider that is set up to de- 
liver a very small portion of the total 
signal to your oscilloscope. Any such 
capacitive voltage divider must use 
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fixed condensers rated at 10,000 volts 
or more, of course. 

The signal across the vertical de- 
flection coils is shown in Fig. 30E. 
Here, because of the resonant kick- 
back, we again have a high peak volt- 
age; it may be 1000 or more volts 
peak -to -peak. Once again, a capacitive 
voltage divider, made up of high -volt- 
age condensers, must be used if the 
voltage is to be measured. 

Summary. Keep in mind that the 
oscilloscope traces we have shown in 
Figs. 24 to 30 are typical for only one 
kind of set. You will find quite differ- 
ent signals in other sets, and until you 
become accustomed to the signals that 
are to be seen, you should always 
refer to the manufacturers' informa- 
tion to learn what the typical wave 
shapes and peak -to -peak voltage 
values are. 

In our example, we have shown the 
wave shapes that exist in a receiver 
using electromagnetic deflection. Many 
of the same signals exist in a set in 
which electrostatic deflection is used; 
however, the signals in the sweep 
chains of the latter will be different, 
because a saw -tooth voltage must be 
applied to the deflection plates of the 
electrostatic picture tube. This saw - 
tooth wave is formed in the saw -tooth 
generator in the sweep chain, then am- 
plified in a linear fashion to a very 
high voltage level. It is common to 
find a deflection voltage of 800 or more 
volts peak -to -peak applied to an elec- 
trostatic picture tube. Once again, you 
must use a capacitive voltage divider 
to measure this voltage. 

As we have pointed out, the oscillo- 
scope is particularly useful as a signal 
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FIG. 30. Generation of a horizontal 
sweep signal from a sine -wave oscillator. 
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tracer, because it lets you measure the 
peak -to -peak voltage of a signal of 
any shape and also makes it possible 
for you to see the wave shape of the 
signal. When this wave shape departs 
radically from what it should be, you 
have a definite indication of trouble in 

the section or stage in which the 
change of shape occurs. Thus, the 
oscilloscope is an extremely valuable 
instrument for use in localizing a de- 

fect to a particular section or stage. 



Most standard radio service equip- 
ment (except the signal tracer) is use- 
ful for TV servicing if it has the 
proper characteristics. Thus, you will 
not need a special multimeter for TV 
work as long as your present one has 
a meter with a high enough ohms -per - 
volt rating to provide high ohmmeter 
ranges. A high -voltage multiplier 
probe is the only extra equipment that 
is needed to extend its usefulness to 
television. Your tube tester is per- 
fectly satisfactory for TV work if it 
can test the latest tube types. A 
standard R-C tester is far more use- 
ful for TV servicing than it is for 
radio work. Your signal generator may 

or may not be useful, depending on the 
ranges it covers; we shall discuss such 
generators in detail in the Lesson on 
alignment. 

In general, most of the basic ser- 
vicing procedures that you have 
learned to use in repairing radio re- 
ceivers can be applied directly to TV 
service work as long as you are care- 
ful in interpreting the results of your 
tests. For this reason, once you obtain 
a certain amount of practical experi- 
ence, and have learned to recognize 
the effects produced on test patterns 
by various defects, you will find it 
rather easy to service TV receivers 
successfully. 
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Lesson Questions 

Be sure to number your Answer Sheet 64RH-3. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. If the individual lines in a raster are not sharp when the contrast control 
is turned down so that no picture is visible, which one of these possible 
causes is to blame: 1, poor focus; 2, ghosts; 3, poor high -frequency 
response; 4, poor low -frequency response? 

2. If it is difficult to keep a set in vertical sync, and the picture is blurred, 
which one of these possible causes is to blame: 1, poor focus; 2, ghosts; 
3, poor high -frequency response; 4, poor low -frequency response? 

3. If a set that originally showed a black -and -white picture later shows a 
brown -toned one, what is probably the matter? 

4. If a set uses full -wave rectification in its power supply, what defect is 
indicated if (a) one bar and (b) two bars appear on the picture? 

5. If a picture has 10 bars across it horizontally, what is the approximate 
frequency of the interference? 

6. If a sine -wave a.c. source rated at 5 volts r.m.s. is used for calibrating 
an oscilloscope, what is the peak -to -peak voltage? 

7. What four requirements are essential for an oscilloscope that is to be 
used in TV servicing? 

8. Why is a detector probe needed with a TV scope to search through the 
video i.f. stages? 

9. Why is it desirable to arrange for more than one cycle of the signal to 
be visible on the oscilloscope? 

10. In viewing the horizontal pulse on a TV oscilloscope, what is wrong with 
the receiver response if the porches and flat top of the pulse are rounded 
instead of square? 

Be sure to fill out a Lesson Label and send it along with your answers. 
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You don't need to be a genius in order to succeed 
in your chosen career! 

The greatest results in life are usually obtained by 
simple means-and by the exercise of ordinary qual- 
ities that we all have. 

The common every -day life, with its cares, neces- 
sities, and duties, gives us plenty of opportunity to 
get experience of the best kind-and provides abun- 
dant room for self improvement. 

The road of human welfare lies along the old 
highway of steadfast well -doing. The men who are 
most persistent will usually be the most successful. 

"Fortune" has often been blamed for her blind - 
But "fortune" is not as blind as men are. 

"Fortune" is usually on the side of the industrious- 
just as the wind and waves are on the side of the 
best navigator. 
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TV RECEIVER ALIGNMENT 

ALIGNING a standard sound re- 
ceiver is a relatively simple 

process: the proper i.f. or r.f. signal is 
inserted and the corresponding circuits 
are tuned for a maximum output indi- 
cation. (Band-pass adjustments are 
found only in a few high-fidelity sets.) 
The indications of the need for align- 
ment of a sound receiver are quite 
definite - reduced output, stations 
coming in at incorrect points on the 
tuning dial, or distortion due to side - 
band cutting. Since sound receivers 
are relatively stable, the need for 
alignment is rather infrequent. 

Aligning a TV set is not a great 
deal more difficult, but the indications 
pointing to the need for alignment are 
not as definite. In many cases, a set 
will exhibit exactly the same symptoms 
when some part is defective in it as it 
will when it needs re -alignment. In 
such cases, either you should prove 
that no defect exists before you decide 
that alignment is needed or you should 
use a sweep generator and an oscillo- 
scope to show the response curve and 
thus determine whether alignment is 
needed. 

Because many of the circuits of a 
TV set are heavily loaded so that they 

will have low Q and a broad response, 
there is seldom enough drift to make 
a complete over-all alignment neces- 
sary. On the other hand, because 
certain changes in the alignment affect 
the picture in a manner that is rather 
noticeable to the eye, relatively small 
amounts of drift, which may occur 
fairly often, can make spot or section 
alignment necessary. Tuned -circuit 
drift is more common in a TV set 
than in a radio because more heat is 
developed-heat that will warp coil 
forms and distort tuning capacitors- 
and because tube capacities, which are 
subject to change, make up part of the 
capacity in some tuned circuits. 

In general, the sharper the selec- 
tivity (the higher the Q), the sooner 
alignment may be needed, because 
even small amounts of drift affect the 
outputs of high -Q circuits remarkably. 
On the other hand, low -Q circuits can 
drift considerably before the output 
changes greatly. 

Relatively high -Q circuits are used 
as oscillator tank circuits and as sound 
and adjacent -channel rejection traps. 
In some of the stagger -tuned i.f. cir- 
cuits, the Q is higher than the width 
of the pass -band might lead you to 
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expect. It is quite possible that any of 
these circuits may need touch-up ad- 
justments even when the rest of the 
receiver requires no alignment. 

Oscillator Drift. It is rather com- 
mon to find that the oscillator of a 
TV set has drifted so much that sta- 
tions come in too near the end of the 
range of the fine tuning control or out- 
side its range altogether. In a set that 
does not have a fine tuning control but 
instead depends on automatic fre- 
quency control (a.f.c.) to hold the 
oscillator, it is possible for the drift 
to cause the signal to fall outside the 
range of the a.f.c. network and thus 
for the station to be lost completely. 

A certain amount of drift of the 
oscillator at the high frequencies in- 
volved in television is natural. It can 
be tolerated as long as it can be cor- 
rected by the fine tuning control or by 
the a.f.c. system. If the drift becomes 
exceE ive. however, it will be necessary 
to re -align Ole oscillator. 

Because t'te oscillator circuits used 
in TV sets depead .,n the irate fia} tube 
capacities for wt.4eh of the tuning ca- 
pacity needed, releang the original 
oscillator tube with one that has differ- 
ent internal capacities may easily 
throw the oscillator section complete 
out of alignment. The: » fore, it it 
proves impossible to find a replace- 
ment tube that matches the oricinai 
in its capacities,. a certain amount if 
re -alignment may be required. 

Traps. Trap circuits also frequently 
drift out of proper adjustment. There 
are many traps in the average TV set. 
Some are tuned to the accompanying 
sound channel, some are tuned to the 
adjacent sound or picture carriers, some 
are used to reduce i.f. interference, and 
still others are used (particularly in 
sets using the intercarrier sound sys- 
tem) to reduce the 4.5 -mc. grain pat- 
tern in the picture. Because these 
traps are sharply tuned and have much 
to do with the over-all response, slight 

shifts in their tuning may produce 
large increases in interference and can 
affect the low- or high -frequency re- 
sponse as much as or more than the 
stagger -tuned or band-pass circuits do. 

Sound -Video Drift. The sound and 
video carriers are 4.5 mc. apart. If 
either or both of these i.f. sections in 
a conventional set drift appreciably, 
you may find that best sound and best 
picture are not obtained at the same 
setting of the tuning control. That is, 
if the picture carrier is moved up or 
down on the slope of the video i.f. re- 
sponse, the low -frequency response will 
be better or worse than it should be, 
and consequently the picture quality 
will be affected. A shift of the carrier 
may also result in a loss of high - 
frequency response. 

In any of the above cases, you can 
make a touch-up alignment of the 
particular circuit that needs it without 
re -aligning any of the rest of the set. 
This is similar to what you do when a 
radio does not track the dial properly, 
41 which case you re -align the oscilla- 
tor but leave the i.f. and r.f. adjust- 
ments alone. 

Of course, there will eventually 
come a time when an over-all align- 
ment will be desirable. Such a general 
over-all alignment is called for when 
you are overhauling a receiver or 
remedying any of the characteristic 
conditions described in the following 
section. 

1MISALIGNMENT INDICATIONS 
(he of the must obvious conditions 

indicating a need or alignment is 
weak 1i e E Ar However, unless the 
oscillator d ins. the al:g mnent must 
shift markedly usually in more than 
one stage) to produce weak reception. 
It is more common to find that the 
first indication of the need for TV 
alignment is a loss of the low- or high - 
frequency response. This is most 
easily seen by observing a test pattern. 
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Fig. 1 shows a typical test pattern. 
As we have shown elsewhere, this test 
pattern gives considerable information 
about the adjustment of the focus, 
linearity, and size controls, and also 
indicates when the correct contrast 
and brilliancy control settings have 
been made. 

The contrast setting is indicated by 
the center circles: proper setting gives 
the complete tone range from black to 
white. The wedge-shaped groups of 
lines show many things. The vertical 
wedges show the high -frequency re- 
sponse, because they represent ele- 
ments along the scanning lines. The 
horizontal wedges show other things, 
including the low -frequency response. 

When we are aligning a set, we are 
primarily interested in how the test 
pattern will show high- and low -fre- 
quency response. When the set is op- 

erating normally and has a frequency 
response going out to 4 or 4.25 mc., the 
separate lines in the vertical wedges 
should be distinguishable all the way 
down to the center circle at which 
they end. If they appear to blend to- 
gether short of their ends, the response 
of the set is less than 4 mc., either 
because it is intended to be or because 
it is out of alignment. In this case, 
the actual high -frequency response can 
be determined by observing where the 
lines in the vertical wedges appear to 
blend. 

In the standard test pattern of Fig. 
1, the four pairs of white .dots along 
the lower vertical wedge are markers 
that indicate approximately the fre- 
quency response needed to reproduce 
the lines in the wedge between each 
pair. Thus, the first pair, nearest the 
bottom of the test pattern, represents 

Courtesy NBC 

FIG. 1. The standard test pattern broadcast by many stations. 
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a frequency response of 2 mc. If the 
lines are distinguishable between this 
pair but not between the next pair of 
dots, 2 mc. is the limit of the high - 
frequency response. The next pair is 
for 2.5 mc., the next, 3 mc.; the next, 
3.5 mc.; and the ends of the wedges 
represent a response of 4 mc. In other 
words, if the vertical lines can be dis - 

RI TV Lab Photo 
FIG. 2. Poor high -frequency response. 

tinguished sharply all the way to their 
inner ends, the horizontal regolution 
corresponds to an over-all frequency 
band width in the video amplifier, 
video i.f., and front end of 4 mc. 

It may happen that the test patterns 
of your local stations do not have 
calibration marks, or that non-stand- 
ard wedges made with fewer or thicker 
lines are used. In the latter case, the 
frequency response may be less than 
4 mc. even though the ends of the 
wedges are clearly distinguishable. 
Check with your local stations and 
use the best local test pattern for your 
alignment check. 

The horizontal wedges do not show 
anything about the band width of the 
receiver response. Whether or not the 
lines in these wedges can be dis- 
tinguished depends on the focus, the 
roundness of the scanning spot, and 
the interlacing of the fields. If the set 
is deficient in low -frequency response, 
however, the horizontal line wedges 

will be gray when the vertical wedges 
are black and white. 

Examples. Before you can tell 
much about the test pattern, you must 
adjust the focus for maximum sharp- 
ness and set the contrast and brilli- 
ancy controls to normal positions. If 
the set is very close to a powerful 
station, overloading may occur, or you 
may not be able to get normal contrast 
without turning the control down so 
far that overbiasing produces a dis- 
torted response. In such cases, use 
another signal, or use a resistive pad 
in the transmission line to reduce the 
strength of the input signal. 

Fig. 2 illustrates poor high -fre- 
quency response. Notice that the lines 
in the vertical wedges join well outside 
the inner circle. 

Èxcessive response to any frequency, 
an effect that may be caused by re- 
generation or misalignment, may be 
indicated by a smearing or blurring at 
the position in the wedge correspond- 
ing to that frequency. This is shown 
in Fig. 3. 

NRI TV Lab Photo 
FIG. 3. Peak in high -frequency response. 

Another common indication of mis- 
alignment is the appearance of sound 
bars across the picture as shown in 
Fig. 4. This may mean that the sound 
traps are not properly aligned or are 
aligned to the wrong frequencies, but 
it may also indicate merely that the 
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fine tuning control on the set is mis - 
adjusted. If the set uses a.f.c., sound 
bars may be caused by excessive drift- 
ing of the oscillator or by a misalign- 
ment of the discriminator from which 
the a.f.c. voltage is obtained. 

The grain pattern shown in Fig. 5 

NRI TV Lab Photo 
FIG. 4. Sound bars. 

may be the result of a misadjustment 
of a grain trap, but it may also indi- 
cate that the co -channel sound traps 
in the i.f. amplifier are misaligned if 
the set is a conventional type. 

Many of the distorted test patterns 
that we have just shown may 

or caused by other defects in the set or 
by external causes as well as by mis- 
alignment. Therefore, you should not 
try re -alignment until you have check- 
ed the other possible causes of trouble. 

Before we take up the methods of 
aligning a TV set, let's learn what 
frequency response we can expect each 
section to have. 

CIRCUIT RESPONSES 
Front End. In general, the front- 

end response will be a band-pass re- 
sponse about 6 mc. wide so that the 
picture and sound signals can go 
through simultaneously. 

Video I.F. The response of the 
video i.f. amplifier varies considerably 
in different receivers. One reason for 
the variation is that this response is 

often designed to correct for dips or 
peaks in the front-end response. An- 
other is that the manufacturer may 
intend to locate the picture carrier 
higher or lower . than the 50% re- 
sponse point, depending on whether he 
wants the low -frequency response to 
be raised or lowered. And, of course, 
the response of the video i.f. amplifier 
to the sound carrier will depend upon 
whether it is a conventional or an 
intercarrier system. Because of these 
wide differences, it is very desirable 
to have the manufacturer's alignment 
instructions before attempting to ad- 
just a TV receiver. 

Fig. 6A shows a typical front-end 
response. The exact shape of the re- 
sponse curve depends on the design of 
the set and even on the channel to 
which it is tuned. 

If the set has a separate sound 
channel, the sound carrier will be sup- 
pressed. A typical i.f. response for 
such a set is shown in Fig. 6B. The 

Courtesy RCA 
FIG. 5. Grain. 

over-all r.f.-i.f. response is a combina- 
tion of the two, which may be some- 
what like that shown in Fig. 6C. 

The shape of the response curve can 
be varied considerably, as shown in 
Fig. 7A, without making any difference 
in the output. In other words, the out- 
put will be constant if the picture 
carrier is located exactly half way up 
any slope that is symmetrical on both 
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sides of the carrier, regardless (within 
limits) of what the angle of the slope 
may be. Thus, the curves 1, 2, and 3 
all will give approximately the same 
output. Because of the design of the 
peaking circuits and traps, however, it 
may be that only one of these curves 
can be made symmetrical, so it is 
necessary for you to learn from the 
manufacturer's instructions just what 
slope is to be obtained on the particu- 
lar set on which you are working. 

The position of the picture carrier 
on the slope affects the low -frequency 
response. If it is above the mid -point 

FIG. 6. The combination of the front-end 
response ' (A) with the i.f. response (B) 
produces the over-all response of the 

set (C). 

VIDEO AMPLIFIER RESPONSE 

FIG. 7. The shape of the i.f. response 
curve (A) has little effect on the output, 
but the position of the sound carrier on 
the curve (B) can be used to compensate 
for variations in the video amplifier re- 

sponse (C). 

of the curve, the low -frequency output 
is higher than normal; if below, the 
low -frequency output is lower than 
normal. This fact is helpful when 
the video amplifier response is to be 
compensated for. If the video ampli- 
fier response is flat as shown by curve 
2 in Fig. 7C, for example, the carrier 
should be at the 50% point on the 
response curve in Fig. 7B. On the 
other hand, if the video amplifier re- 
sponse peaks at the low frequencies 
as shown by curve 1 in Fig. 7C, the 
carrier should be lower down on the 
curve, perhaps near the 30% point 
(Fig. 7B). This arrangement will re- 
duce the amount of low -frequency 
signal applied to the video amplifier, 
thus compensating for the peak in the 
response of the latter. Similarly, if 
the video amplifier response is defi- 
cient at the low frequencies (curve 3 
in Fig. 7C), the carrier should be 
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FIG. 8. Typical video i.f. responses of 
intercarrier sets. 

farther up the slope, perhaps near the 
70% point (Fig. 7B), to compensate. 
Once again, the manufacturer's align- 
ment instructions must be followed. 

Of course, if the receiver uses the 
intercarrier sound system, in which 
the sound signal must get through the 
picture i.f. along with the video signal, 
the response curve of the i.f. amplifier 
will be quite different. Fig. 8 shows 
two typical intercarrier video i.f. re- 
sponses. The curve in Fig. 8A is nearly 
symmetrical on the sides, but the pic- 
ture carrier is much farther up the 
slope than is the sound carrier. In 
some sets, traps are used to create a 
small plateau at the point where the 
sound carrier intercepts the response 
curve (see Fig. 8B). Once again, you 
will have to learn from the manufac- 

turer's instructions what adjustments 
must be made. 

Sound I.F. The response of the 
sound i.f. amplifier has the shape 
shown in Fig. 9A. The response is 
rather narrow, since a band of fre- 
quencies only 50 to 100 kc. wide is all 
that has to be passed. Hence, a re- 
sponse characteristic that is 200 to 300 
kc. wide is entirely sufficient for most 
purposes and will even permit a rea- 
sonable amount of oscillator drift. 

Since the sound is f.m., the discrimi- 
nator response has the standard S - 
curve shape shown in Fig. 9B. The 
distance between the peaks on this 
S curve varies from set to set; once 
again, your adjustments must be 
guided by the manufacturer's informa- 
tion. 

ySOUNO }ARRIER 

0 
SOUND CARRIER 

o 
FIG. 9. Sound i.f. (A) and discriminator 

(B) responses. 

Methods of Alignment 
The pass band of a TV set, as you 

have learned, must be wide and flat 
and have very carefully shaped skirts. 
Either band-pass or stagger -tuned cir- 
cuits are used in the front end and 
video i.f. amplifier sections to make 
the response sufficiently wide and flat, 
and traps are commonly used both to 
eliminate undesired carriers and to 
shape the response. Any one or all of 
these circuits may need to be aligned. 

It is possible to align stagger -tuned 

circuits with an ordinary signal gen- 
erator by adjusting each for maximum 
output at its proper frequency. The 
combined response curve of all the 
circuits will then have the desired 
shape. 

A signal generator can also be used 
to align band-pass circuits fairly well, 
but a sweep signal generator is far 
better for the purpose. This same 
sweep signal generator can also be 
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used to align stagger -tuned circuits if 
a cathode-ray oscilloscope is used as 
the output indicator; the oscilloscope 
will make the response curve visible, 
and any defects shown in the curve 
can easily be remedied. 

Before we learn just how to align 
the various sections of a TV receiver, 
let's see what requirements the equip- 
ment used to do so must meet. 

SWEEP SIGNAL GENERATORS 
The sweep signal generator used in 

television resembles the frequency - 
modulated or "wobbulated" signal 
generator that is used to align high- 
fidelity sound receivers. The only 
basic difference is that the television 
sweep signal generator covers a wider 
sweep band. 

As you know, the output of a wob- 
bulated signal generator consists of a 
signal voltage that is swept back and 
forth over a range of frequencies on 
each side of a tunable operating or 
center frequency. For television use, 
this sweep must extend over a rather 
wide range-it is common to use 

sweeps 10 mc. (or more) wide for TV 
alignment. 

This sweep can be obtained either 
mechanically or electronically. Three 
kinds of mechanical sweep generators 
are shown in Figs. 10A, B, and C. In 
the one shown in Fig. 10A, a motor 
rotates a tuning condenser plate so 
that the capacity in the L -C circuit is 
continuously varied. In that in Fig. 
10B, a vibrator vibrates one plate of 
the condenser with respect to the fixed 
plate so that the capacity is varied. 
In that in Fig. 10C, a vibrator moves 
a disc with respect to the tuning coil 
so that the inductance is varied. 

An electronic generator is shown in 
Fig. 10D. Here a reactance tube (like 
the one used in a.f.c. systems) is con- 
nected across the oscillator tank cir- 
cuit. The grid of the reactance tube 
is fed from an a.c. source. As a result, 
its reactance varies at the a.c. fre- 
quency and therefore varies the fre- 
quency of the oscillator. 

A major defect of the motor system 
shown in Fig. l0A is that there is no 
easy way to vary the width of the 
range over which the signal frequency 

FIG. 10. Sweep generators used in sweep signal generators. 
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is swept. In the other systems, we can 
vary the range over which the fre- 
quency change occurs by varying the 
amplitude of the a.c. voltage applied 
to the vibrator or to the grid of the 
reactance tube. An increase in the 
voltage will cause an increased change 

VARIABLE 
OSCILLATOR 

SWEPTFr 
OSCILLATOR 

MIXER 
FILTER 

-f- (TUNED 
CIRCUIT) 

y 

FIG. 11. Block diagram of a sweep signal 
generator. 

in capacity or inductance and con- 
sequently an increase in the width of 
the sweep. Conversely, a decrease in 
the voltage will cause a decrease in the 
width of the sweep. It is very desira- 
ble to be able to vary the width of 
the sweep, since we want a width of 
less than 1 mc. for f.m. and audio 
section alignment, and a width of 10 
or 15 mc. for video alignment. 

The sweep rate is equal to the fre- 
quency of the a.c. signal used to vary 
the output frequency of the generator. 
In other words, it is the number of 
times per second that the output of 
the generator is swept through its 
range and returned to its starting 
point. This sweep rate need be only 
high enough to be within the response 
range of an oscilloscope. A 60 -cycle 
a.c. is readily available from the 
power line or from a filament winding, 
and 120 -cycle a.c. can be obtained 
from the ripple output of a full -wave 
rectifier. Either can be used for the 
sweeping signal if the oscilloscope has 
a reasonably good response at these 
frequencies. 

The heterodyne principle is used in 
all practical sweep signal generators 
to simplify the problem of getting 
sweeps of adequate width at any de- 

sired center frequency. The block 
diagram in Fig. 11 shows the general 
arrangement of such an oscillator. As 
you can see, it consists of two oscilla- 
tors, a mixer stage in which the out- 
puts of the two oscillators beat to- 
gether, and a filter circuit that passes 
only the difference frequency pro- 
duced by the beating process. 

One oscillator, called the swept os- 
cillator, has a fixed center frequency 
that is sweep -modulated over the de- 
sired range. Since the center frequency 
of this oscillator is very high-usually 
well over 100 mc.-it is easy to vary 
the reactance in its tank circuit enough 
to produce a sweep range of 10 or 15 
mc. The frequency of the other oscil- 
lator, called the variable oscillator, 
can be adjusted to any desired single 
value within a fairly wide range. 

To see how this sweep signal gen- 
erator works, let's suppose that the 
swept oscillator has an output of 125 
mc. that is swept over a range of 15 
mc. The center frequency of the out- 
put of the generator will be equal to 
the difference between 125 mc. and 
the frequency of the variable oscilla- 
tor. If we adjust the variable oscilla- 
tor to a frequency of 100 mc., for ex- 
ample, the generator output will have 
a center frequency of 25 mc. (125 - 
100), which will be swept over a 15 - 
mc. range. 

To be useful for television servicing, 
a sweep signal generator should have 
an output voltage that is practically 
flat over the entire tunable frequency 
range, or at least over the range over 
which the signal is swept. This output 
voltage should be high, because as 
much as .5 volt may be necessary to 
give a usable response on an oscillo- 
scope when the signal is fed through 
a single i.f. stage. There should be 
some provision for attenuating this 
output, however, since only 500 micro- 
volts or less may be wanted when you 
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are checking the over-all response of 
a set that has high gain. 

It is necessary, of course, to syn- 
chronize the horizontal sweep of the 
oscilloscope with the sweep of the 
generator to produce a steady pattern 
on the oscilloscope face. Some gener- 

FIG. 12. A double trace (A) should be 
overlapped to produce a single trace (B) 
by adjusting the phasing control of your 

sweep signal generator. 

ators supply a synchronizing signal 
that can be used to lock the sweep of 
the oscilloscope to the right frequency; 
others furnish the horizontal deflec- 
tion voltage for the oscilloscope di- 
rectly. (The latter is applied through 
the horizontal amplifier instead of 
the oscilloscope sweep voltage.) 

It is possible for a sweep signal 
generator to produce a single trace 
pattern, but whenever a.c. is used to 
produce the sweep, the output will be 
a double trace. Thus, if the center 
frequency is 25 mc. and there is a 
10 -mc. sweep, the signal will be swept 
from 20 through 25 to 30, then back 
from 30 through 25 to 20. Thus, it 
goes over the frequency range twice 
for each complete sweep-once from 
the low end up, and once from the 
high end down-and therefore pro- 
duces a double trace on an oscillo- 
scope. For easiest observation, these 
two traces should exactly overlap each 
other as shown in Fig. 12B instead of 
appearing as separate traces as in 
Fig. 12A. This overlapping will be 
produced if the phase of the output is 
arranged properly; therefore, a control 
is incorporated in the sweep generator 
to permit the phase to be adjusted. 

In general, therefore, a sweep signal 
generator will have a frequency con- 
trol to adjust the operating frequency, 
an attenuator to control the output, 
a phasing control to permit the sweep 
image to be overlapped properly, and 
a sweep width control to vary the 
width of the swept band. 

MARKERS 
The manner in which a sweep gen- 

erator produces its output makes its 
calibration subject to rather large 
errors. For example, let's suppose that 
two oscillators operating at 125 mc. 
and 100 mc. respectively are being 
used to produce a 25 -mc. beat output 
frequency. Assuming a 1% accuracy 
for each oscillator, the output of one 
may be between 126.25 and 123.75 mc., 
and that of the other may be between 
99 and 101 mc. The beat may there- 
fore be anywhere between 22.75 and 
27.25 mc., meaning that it may be as 
much as 9% away from the desired 
25 -mc. frequency. Further, there is no 
guarantee that the sweep will be ex- 
actly the same width on either side of 
the resting frequency or that the width 
of the sweep will be accurately known. 

SWEEP 
GENERATOR 

OUTPUT 

TO 
RECEIVER 

l J 
MARKER 

FIG. 13. How to connect a dipper marker. 

Since it is important to know ex- 
actly what frequencies are produced 
by a signal generator, it is necessary 
to use some "marker" with the gener- 
ator that will produce accurate fre- 
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quency indications on the sweep trace 
on the oscilloscope. This marker must 
be accurately calibrated; an accuracy 
of .1 mc. is not good enough, even 
though this represents 1/10 of 1% at 
100 mc. 

Dipper. Perhaps the simplest form 
of marker is an absorption wavemeter 
like that shown connected to the cable 
of a sweep generator in Fig. 13. Some 

FIG. 14. Frequency indications produced 
by a sweep generator marker (A), a dipper marker (B), and a blanker 

marker (C). 

sweep generators have a marker of 
this kind built in. 

Essentially, this marker is a tuned 
circuit made with high precision from 
quality parts. It has a calibrated dial 
that indicates accurately the fre- 
quency to which it is tuned. When it 
is connected between a generator and 
a receiver as shown in Fig. 13, the 
tuned circuit will absorb energy at its 
resonant frequency from the coil L2 
and hence will produce a drop in the 
voltage supplied to the receiver at 
this particular frequency. This gives a 
"dip" in the response curve like that 
shown in Fig. 14B. If you change the 
resonant frequency of the absorption 

marker by turning its tuning con- 
denser to some other position, the dip 
will move along the response curve to 
a position corresponding to the new 
resonant frequency. Thus, the marker 
dip can be used to indicate exactly 
the frequency to which any particular 
point on the curve corresponds. 

Pipper. It is also possible to use 
an accurately calibrated signal gen- 
erator as a marker. If the output of 
the signal generator is fed into the 
circuit in parallel with the output from 
the sweep generator, a "pip" will ap- 
pear on the response curve seen on the 
oscilloscope, as shown in Fig. 14A. 
However, whereas the absorption tank 
circuit produces a single dip, a marker 
signal generator will produce a number 
of "wiggles" along the response curve, 
since there will be beats between the 
signals of the signal generator and 
the sweep signal generator that will 
cover an infinite band. All that limits 
the number of beats that are visible 
are the band -width response of the 
video output with the oscilloscope con- 
nected and the response of the vertical 
amplifier of the oscilloscope. An oscil- 
loscope with a limited response pro- 
duces a limited series of beats (Fig. 
15A), but one with a wide -range re- 

0 
FIG. 15. Marks produced by a signal 
generator marker on an oscilloscope with 
a narrow response (A) and on one with 

a wide response (B). 
sponse passes a number of beats (Fig. 
15B). As we shall point out later, it 
is necessary to have only a narrow 
band of beats reproduced if the pip 
marker is to be used. If the oscillo- 
scope response is too good, therefore, 
the response must be narrowed at the 
point where the oscilloscope is con - 
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nected to the set. In this case, an in- 
expensive oscilloscope with a reduced 
response is as useful as a wide -band, 
high -quality instrument. (For other 
TV uses, of course, the more expensive 
instrument is better.) 

Incidentally, the marker can be any 
good signal generator that covers the 
frequencies involved, provided that it 
is accurate in its calibration or that a 
crystal calibrator is used with it. Since 
few service generators cover the right 
frequencies, however, TV markers are 
usually bought especially for this use. 

Blanker. A third way to produce 
a mark is to mix the marker and 
sweep signals and to utilize the beat 
output to produce a high negative 
voltage that is applied to the grid of 
the oscilloscope. In this case, the re- 
sponse curve will be blanked out, as 
shown in Fig. 14C, at the point corre- 
sponding to the marker frequency. 

At the present time, blanking mark- 
ers are not commonly available. 

Calibrators. A dipper marker must 
be accurately calibrated. Once this 
has been done properly, the calibra- 
tion should remain accurate if the 
instrument is of reasonable quality. 
The calibration of a signal generator 
may become inaccurate after a time, 
however. If such an instrument is to 
be used as a marker, therefore, it must 
be re -calibrated frequently. 

A very accurate crystal oscillator 
is often used for this purpose (in fact, 
some TV marker generators have such 
crystal oscillators built in) . The fun- 
damental and harmonic frequencies of 
the crystal can be used as calibra- 
tion points. If a 5 -mc. crystal is used, 
for example, its output will contain 
harmonics every 5 mc. This fact 
makes it possible to locate points at 
5, 10, 15, 20, 25 (etc.) mc. accurately. 
If you adjust the marker generator 
so that it zero -beats accurately with 
the oscillator output at these points, 

you can be reasonably sure that it will 
be accurately calibrated between these 
points. The exact method of producing 
and detecting the zero beats depends 
upon the equipment you have: the 
manufacturer of your marker genera- 
tor will supply calibration instructions 
with the instrument. 

THE OSCILLOSCOPE 
The oscilloscope used for alignment 

can be any of the standard types used 
for radio receiver servicing. It must 
have a fairly good response down 
around 60 cycles and a reasonable 
sensitivity, but it need not have a 
good high -frequency response. Of 
course, if the oscilloscope is to be used 
for other TV servicing uses, it should 
have a very good high -frequency re- 
sponse, high gain, and low input ca- 
pacity. 

The oscilloscope is absolutely neces- 
sary for making a band-pass align- 
ment or for checking the over-all fre- 
quency response. However, when you 
are peak -aligning stagger -tuned cir- 
cuits, you can measure the output with 
a. vacuum -tube voltmeter or a 20,000 - 
ohms -per -volt multimeter (preferably 
the former) instead of an oscilloscope. 

ALIGNMENT TOOLS 
TV alignment tools are very similar 

to those used in ordinary receiver 
alignment. It is important to use non- 
metallic alignment tools insofar as 
possible, and the types with long, thin 
shanks may be needed to reach some 
of the adjustments. Any special align- 
ment tool needed for a particular set 
can be obtained from the manufac- 
turer, his local distributor, or your 
regular supply house. 

When you align over -coupled or 
band-pass circuits, it is sometimes 
advisable to use two tools and to ad- 
just the primary and secondary of 
each transformer more or less simul- 
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taneously. Of course, it is possible to 
adjust first one and then the other, 
but you will waste a lot of time mov- 
ing a tool rack back and forth between 
the adjustments. (Usually, one ad- 
justment, is above the chassis and the 
other below.) 

Now that you have a general idea 
of the tools, equipment, and proce- 
dures involved in alignment of a TV 
set, let's discuss the alignment of each 
of the sections of a TV set. As we 
said, most of the time you can remedy 
alignment defects merely by readjust- 
ing one or two circuits; however we 
shall give the complete procedure so 
you will know just what needs to be 

done if the set should need complete 
alignment. Once again we must cau- 
tion you to follow the manufacturer's 
instructions carefully. 

In making a complete alignment, it 
is quite common to align the sound 
system first, then the video i.f., and 
finally the front end. Some manu- 
facturers, however, recommend that 
the video i.f. be aligned before the 
audio system. Actually, unless the 
sound signal passes through one or 
more of the video stages, it makes 
little difference which section is 
aligned first. It is wise to follow the 
order suggested by the set manufac- 
turer, however. 

Video I. F. Alignment 
Before we discuss the processes in- 

volved in aligning the video i.f., there 
are several preliminary matters we 
must take up. Let's do so now. 

Obviously, you must be able to 
identify each adjustment you are go- 
ing to use. Unless you are quite fa- 
miliar with the set, therefore, you 
must have the manufacturer's layout 
so that you can locate these adjust- 
ments. 

Fixing the Bias. In aligning the 
video i.f. amplifier, we have to con- 
sider the fact that the contrast control 
(or the a.g.c. system, if the set has 
one) varies the gain of the video am- 
plifier by varying the bias on some of 
the stages. The over-all response of a 
group of stages depends, of course, on 
their individual gains. If the gains of 
some of the stages are changed, as 
they will be if there is change in bias, 
obviously the over-all response of the 
i.f. amplifier will be greatly affected. 
For this reason, the bias on each stage. 
that is to be aligned must be kept con- 
stant during the alignment procedure. 

Manufacturers usually recommend 
the use of a moderate bias voltage so 
that the alignment will be made under 
the conditions that would exist if a 
reasonable local signal were being re- 
ceived. In sets without a.g.c., the con- 
trast control is set to produce the de- 
sired bias, which is measured with the 
aid of a vacuum -tube voltmeter. As 
the alignment progresses, this voltage 
is remeasured from time to time, and, 
if necessary, the contrast control is re- 
set to bring the voltage back to the 
right value. 

Most manufacturers of sets in which 
a.g.c. is used recommend that the sys- 
tem be blocked either by removing a 
tube in the a.g.c. chain or by connect- 
ing a large condenser to the a.g.c. net- 
work. This condenser must make the 
time constant so long that it will be 
impossible for the a.g.c. to follow the 
variations in output caused by the 
alignment. 

If a set is constructed so that the 
a.g.c. system or the contrast control 
cannot be adjusted to produce a fixed 
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voltage of the desired value, the manu- 
facturer may recommend the use of a 
bias from a separate source. Fig. 16 
shows a typical arrangement. The po- 
tentiometer across the 4.5 -volt battery 
can be used to adjust the bias. When 

FIG. 16. Alignment bias source. 

such a separate bias is used, the a.g.c. 
network or the contrast control is usu- 
ally disconnected at some point. The 
manufacturer's instructions will tell 
you where. 

COUPLING TO 
VIDEO I.F. STAGES 

An important point to remember is 
that a signal generator can never be 
connected directly across a tuned cir- 
cuit that is to be aligned. It must al- 
ways be decoupled from this circuit. 
The simplest way of doing this is, of 
course, to connect the signal generator 
to a stage that is nearer the antenna 
than the one that is being aligned. If 
you connect your signal generator to 
the grid circuit of the tube ahead of 
the tuned circuit you are going to 
align, for example, the tube will act as 
a decoupler and prevent the generator 
from detuning the circuit. 

Manufacturers recommend two 
basic approaches to video i.f. align- 
ment: 1, a stage -by -stage process; 
and 2, an over-all technique. In a 
stagger -tuned section, the over-all 
technique is usually followed unless 
the stages are very far out of adjust- 
ment because of excessive drift or of 
tampering. An over-all technique will 
work on band-pass circuits also, but 

here the response curve depends so 
much on exact amounts of coupling 
(which may vary from stage to stage) 
and on precise adjustments, that the 
stage -by -stage method may be recom- 
mended. 

Over-all Video I.F. For over-all 
alignment of the video i.f. amplifier, 
the signal generator can be connected 
to the grid circuit of the mixer stage 
or even to the antenna connections of 
the set. Although a signal fed from 
the antenna will be reduced by the r.f. 
stage, its level at the input to the video 
i.f. amplifier may be about as high as 
it would be if it were fed to the grid of 
the mixer, because the grid circuit of 
the mixer may contain a trap tuned to 
the i.f. frequency that would reduce 
the input to a low level. In such cases, 
the manufacturer may give special in- 
structions for making connections in 
the input tuner, because it is neces- 
sary to feed the signal through the 
mixer to align the i.f. transformer in 
its plate circuit properly. 

Getting a simple connection to the 
circuit is sometimes a problem. In 
some instances, the manufacturer will 
instruct you to make up a dummy 
tube-one with one or more pins cut 
off-that will provide the necessary 
connection for the signal generator. 

Another and even simpler method of 
connection is shown in Fig. 17. There 
will be sufficient capacitive coupling 
between a shield of this sort and the 
tube elements to transfer the signal 
without greatly upsetting the circuit 
to which the tube is connected. Of 
course, the shield must fit so snugly 
that it will not slip down the tube and 
touch the chassis; if it did, the hot 
side of the signal generator output 
would be grounded. 

When you are making an over-all 
alignment, you can connect the output 
indicator to the plate load of the video 
detector (or even to the output of the 

í 
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video amplifier if a modulated signal 
is used.) The kind of output indicator 
will depend on what you use as a sig- 
nal source-if it is a standard signal 
generator, as it will be when you align 
a stagger -tuned i.f., you should use a 
vacuum -tube voltmeter or a multi - 
meter as the output indicator. On the 
other hand, if you use a sweep signal 
generator in making an over-all check 
on alignment, the output indicator 
should be an oscilloscope. We shall 
describe the connections of these de- 
vices in more detail a little later. 

Stage -by -Stage Video I.F. Align- 
ment. There are two methods of 
getting a stage -by -stage alignment. In 
the more popular one, the output in- 
dicator is connected to the detector 
plate load, and the signal source is 
moved from the last i.f. stage back 
toward the converter stage, a stage 
at a time. However, a few manu- 
facturers recommend that the signal 
source be connected to the converter 
or to the antenna connections and 
that the output indicator be moved 
from the first video i.f. stage back 
toward the video detector, a stage at 
a time. Essentially the same results 
will be obtained by either method. 
You must follow the manufacturer's 
instructions, however, particularly 

SNUG -FITTING 
TUBE SHIELD 

SOLDER 

CONVERTER 
TUBE 

TO SWEEP 
AND MARKER 
GENERATORS 

FIG. 17. Simple method of coupling a 
signal generator to a set. 

when you align band-pass circuits, 
because that is the only way you can 
duplicate the curves that he shows in 
his service manual. 

As far as making connections is con- 
cerned, it is somewhat more difficult 
to align by moving from the output 
back toward the input, since you must 
move both the sweep generator con- 
nections and the marker signal gen- 
erator connections each time you align 
a stage. Going in the other direction, 
you need to move only the oscilloscope 
connection, but a special coupling de- 
vice consisting of a rectifier and an 
R -C decoupling network must be at- 
tached to the end of the oscilloscope 
cable to make it possible to use it this 
way. We'll describe a simple coupling 
device that can be used for this pur- 
pose a little later in this text. 

CONNECTION HINTS 

When you align any section of a TV 
receiver, you must make sure that 
good ground connections exist between 
all of the pieces of equipment that are 
connected together. Some manufac- 
turers even recommend the use of a 
metal -topped bench to insure good 
common grounding; such a bench is 
dangerous from other standpoints, 
however, so you should use some other 
means to make the ground connec- 
tions. If you find at any time that 
moving the cables or bringing your 
hand near them causes the signal 
strength to vary or the frequency to 
change, you do not have an adequate 
ground connection between the set and 
equipment. 

Although all of the cables that are 
commonly used for making connec- 
tions have clips for grounding, these 
may prove insufficient. Pieces of 
shielding braid with heavy clamps on 
the ends can be used to connect vari- 
ous pieces of equipment together. 

You must take special precautions if 
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any piece of your test equipment or the 
set on which you are working is of the 
a.c.-d.c. type that has a direct connec- 
tion to the power line. If you have a 
piece of a.c.-d.c. test equipment, it is 
advisable to install an isolating trans- 
former between it and the power line. 
(An isolating transformer has a one- 
to-one turns ratio: it does not change 
the voltage, but it does separate the 
device from the power line.) Such a 
transformer is needed when you work 
on sets that use filament strings and 
voltage -doubling power supplies so 
that there will be no chance of short 
circuits developing through your 
grounding connections. 

When you align a set that does not 
have a series filament string, you can 
leave the picture tube out if it inter- 
feres with easy handling of the set 
chassis. (Leave the deflecting yokes 
plugged in, however.) If the filament 
of the picture tube is in series with 
others in a filament string arrange- 
ment, either leave it in the set or con- 
nect a 5 -watt, 10 -ohm resistor across 
the filament terminals of its socket to 
take its place. Of course, you should 
never attempt to remove the tube 
while the receiver is on. 

If you remove an electromagnetic 
tube, you must do something to make 
the high -voltage lead safe. Either 
fasten this lead in a position where 
you will not be able to touch its ter- 
minal and where the terminal will not 
be able to touch the chassis, or make 
the high -voltage supply inoperative. 
The latter may be accomplished either 
by removing the high -voltage rectifier 
tube (or tubes) from its socket or by 
removing the r.f. oscillator tube or the 
horizontal output tube, depending on 
what kind of power supply is used in 
the set. 

It is very important not to use too 
strong a signal for aligning any section 
of the TV set, the video i.f. in par- 

ticular. If the input signal is too 
strong, some of the stages will be over- 
loaded to such an extent that they will 
act as limiters and thus produce a 
false flattening in the trace of the 
over-all response on the face of the 
oscilloscope. The alignment cannot be 
properly made under such conditions. 
To prevent overloading, limit the in- 
put enough to keep the voltage across 
the video detector load under 2 volts. 

If you align the i.f. stages with the 
signal generator connected to or ahead 
of the converter, it is always possible 
for the local oscillator in the receiver 
to beat with the signal and thus give 
a number of spurious frequency in- 
dications. If this proves annoying, you 
may have to kill the local oscillator 
completely by removing the tube, re- 
placing it with a dummy tube to com- 
plete the filament circuit if the set has 
a series filament string. (A dummy 
tube for this use is a regular tube from 
which the grid and plate prongs have 
been removed, leaving only the fila- 
ment operative.) 

Of course, if the oscillator is a sec- 
tion of a dual tube, you may not be 
able to remove it. In such a case, it 
may be practical to tune to some 
channel far removed from the i.f. fre- 
quency (one of the upper channels on 
the high band) so that the oscillator 
frequency will be as far removed as 
possible from the signal you are using. 

Now let's learn how to align video 
i.f. stages. 

STAGGER ALIGNMENT 
When the video i.f. amplifier uses 

stagger -tuned circuits, the most usual 
method of alignment is to adjust the 
tuned circuits, one at a time, with 
the aid of a standard signal generator 
and an output meter. The manufac- 
turer's instructions will usually have 
you start with the traps, which are ad- 
justed to give minimum responses, 
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after which you adjust the regular 
tuned circuits for maximum outputs 
at their resonant frequencies. 

Using such a system, and of course 
changing the signal generator to the 
proper frequency for each alignment 
adjustment you make, you can be 
reasonably sure that you will get the 
desired over-all results. If you have 
any doubts after you have completed 
the stagger -tuned alignment, you can 
always use a sweep generator, a 
marker, and an oscilloscope to check 
the over-all response and make any 
necessary corrections in it. As a mat- 
ter of fact, you can use the sweep gen- 
erator and the marker combination to 
align these circuits in the first place by 
adjusting each trimmer until the over- 
all response is that desired for the par- 
ticular set you are working on. The 
difficulty with this arrangement is that 
if the trimmers are far out of adjust- 
ment, you may find it very difficult to 
get the proper over-all response with 
maximum output. In such a case, you 
will probably have to align the stages' 
to approximately their right fre- 
quencies before making a sweep align- 
ment. 

Let us run through the adjustment 
procedure you should use to align 
stagger -tuned circuits, first with a 
standard signal generator and an out- 
put meter, and then with a sweep gen- 
eratór and an oscilloscope. 

Standard Generator. Aligning the 
video i.f. amplifier with a standard 
signal generator and an output meter 
is a process that is very similar to the 
one you use to align a radio receiver. 
If the circuits are not too badly out of 
alignment, the signal generator may be 
connected to the grid circuit of the 
mixer or even to the antenna terminals 
of the set. 

The output meter may be either a 
vacuum -tube voltmeter or a multi - 
meter of high sensitivity. Connect it 

across the load of the video detector. 
You will often find that the receiver 
is equipped with a convenient terminal 
on the top or rear of the chassis for 
making this connection. Refer to the 
manufacturer's instructions to see if 
this is true of the set you are working 
on. 

If you are using a standard signal 
generator, you can use it modulated or 
not, as you wish. In either case, a d.c. 
voltage will be developed across the 
video detector load; measuring this 
voltage with your output meter will 
give your output indication. Of 
course, the proper polarity for your 
output meter connections depends 
upon the picture phase for which the 
video detector is adjusted. E the video 
detector load resistor is in its cathode 
circuit (cathode to ground), connect 
the negative lead of the voltmeter to 
ground. If the video load is in the 
plate circuit, connect the positive volt- 
meter lead to ground. 

You can also measure the a.c. volt- 
age produced by the modulation of the 
signal generator if you wish, but since 
most signal generators are modulated 
only about 30% to 50%, the a.c. out- 
put voltage will be rather low. 

If you are using a marker signal 
generator, you may find that there an; 
no provisions for modulating it. In 
this case, you must depend on the d.c. 
indication. 

You must, of course, refer to the 
manufacturer's instructions to learn 
exactly what frequencies each of the 
traps and the tuned circuits must be 
set to and in what order the stages 
should be aligned. Follow this order 
exactly. If you do not, you may get 
two of the circuits aligned to the same 
frequency, in which case feedback 
may be set up, and some stage may go 
into oscillation. If you make the 
alignment in the proper order, the nor- 
mal staggering of the tuning arrange - 
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ment will prevent the resonant fre- 
quencies of the circuits from crossing 
each other in this manner. 

A stagger -tuned video i.f. amplifier 
always has several traps, each of 
which must be adjusted to the fre- 
quency specified for it in the manu- 
facturer's instructions. To align a 
trap, set the signal generator to the 
proper frequency and then adjust the 
trap to produce a minimum output in- 
dication. 

Usually, though not always, the 
manufacturer's instructions will tell 
you to adjust the various traps first. 
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SOUND TRAP 

FIG. 18. Individual and over-all responses 
of a stagger -tuned i.f. section. 

When you have adjusted them, pro- 
ceed to align the various stages in the 
specified order. To align a stage, set 
the signal generator to the proper fre- 
quency and turn whatever adjustment 
the stage has until you get maximum 
output. 

When each trap and stage has been 
properly adjusted, the over-all re- 
sponse should have the form shown by 
the broken line in Fig. 18. This re- 
sponse curve is the resultant of the 
responses of the individual stages 
(shown by the solid lines), and the 
notches cut by the various traps. 

The proper response curve may not 

be produced by this method of align- 
ment, however, if there has been a 
change in the bias applied to one or 
more stages or if the characteristic of 
some tube has changed because of 
aging. Either of these causes will af- 
fect the gain of a stage; and, unless 
the gains of all the stages are affected 
equally, the over-all response of the i.f. 
section will therefore be changed from 
what it was at the time the set was 
made. An incorrect response curve 
may also be produced, as we pointed 
out earlier, if too strong a signal is 
used. You can avoid this possibility 
by following the manufacturer's in- 
structions carefully. 

Oscillation. A severe misalignment 
may produce oscillation. If you sus- 
pect the alignment, and have another 
set like it, move all the adjusting 
screws of the set on which you are 
working to approximately the posi- 
tions of those in the set that is working 
normally; the circuits should then be 
somewhere near the right adjustment 

perhaps near enough so that you car 
go on to make a proper alignment. If 
not, you may have to align the cir- 
cuits, one at a time, by aligning the 
last i.f. stage first and working back 
toward the input. In such a case, it 
is necessary to block the oscillation. If 
the receiver has four i.f. tubes, for ex- 
ample, remove the third i.f. tube to 
block all signals coming from stages 
nearer the antenna. Then connect 
your signal generator to the grid cir- 
cuit of the fourth i.f. stage and align 
this stage for maximum output. Next, 
put the third tube back in place, re- 
move the second tube, and connect the 
signal generator to the grid of the 
third tube. Progressing in this man- 
ner, you should be able to reach an ad- 
justment that will stop the oscillation, 
after which you can make the final ad- 
justment in the proper order. 

Incidentally, when a set is severely 
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out of alignment, a procedure of this 
type may be necessary whether or not 
oscillation occurs. When you are feed- 
ing a signal into the grid of one tube, 
the tuned circuits that are between 
the plate of the preceding tube and the 
point where your signal is applied may 
act as an absorption trap and reduce 
the output from your signal generator 
to a low level. By removing the pre- 
ceding tube, you remove that tube's 
capacity and so detune the circuit that 
such absorption is unlikely. Of course, 
any procedure that involves the re- 
moval of a tube cannot be used in a 
set that has a series filament string 
unless you can put a dummy in place 
of the one you wish to remove. 

Sweep Alignment. If you want to 
see the over-all response after having 
aligned the circuit in the manner just 
described, or if you want to align with 
the sweep generator, you can connect 
a sweep generator and a marker in 
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place of the standard generator and 
connect an oscilloscope as the output 
indicator. 

If the oscilloscope has an excellent 
high -frequency response, the beat be- 
tween the marker and the signal gen- 
erator will spread over such a wide 
band that it will not be practical to 
use it. In such a case, the high -fre- 

quency response must be reduced. 
One way of doing this is to connect a 
resistance of 10,000 to 25,000 ohms in 
series with the hot lead going to the 
oscilloscope. This will cause the cable 
capacity (between the point of con- 
nection and the oscilloscope) to act 
with the resistance as an R -C low - 

FIG. 19. A "normal" (A) and an inverted 
(B) trace of the same signal. 

pass filter, thereby reducing the input 
to the oscilloscope at high frequencies. 
Another way to reduce the response is 
to shunt the detector load with a small 
condenser. The size of such a con- 
denser would have to be determined 
by experiment if there is no recom- 
mendation in the oscilloscope instruc- 
tions. 

You may sometimes find that the 
oscilloscope picture is upside down, as 
shown in Fig. 19B, instead of having 
the normal position shown in Fig. 19A. 
Some oscilloscopes have a switch that 
permits you to turn over the trace by 
reversing the oscilloscope connections. 

An upside-down picture is just as 
useful for alignment as a normal one 
is, so if your oscilloscope has no 
phasing switch, you can use the trace, 
or if you prefer, you can get the pic- 
ture to turn over by inverting the pic- 
ture phase, which you can do by con- 
necting your oscilloscope to the output 
of the first video stage following the 
detector. If you do so, remember 
that you must not short-circuit the B 
supply. If your oscilloscope does not 
have a blocking condenser in its input 
lead, you must connect one in series 
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with this lead to prevent such a short 
circuit. 

The proper method of connecting 
the sweep and the marker depends on 
the equipment you have. If the 
marker is an absorption wavemeter or 
dipper, it will just be connected in the 
output lead from the sweep signal gen- 
erator to produce a dip in the response. 
If the marker is a signal generator, 
however, it may be connected in paral- 
lel with the sweep generator, it may be 
connected at another point in the cir- 
cuit, or it may be connected directly 
to the oscilloscope, depending on its 
type. 

You may get into some trouble be- 
cause the marker output may be far 
higher than is necessary. If its at- 
tenuator cannot reduce the output suf- 
ficiently, you may have to include a 
resistance in series with the hot lead 
from the marker generator. A 100,- 
000 -ohm resistor is generally used. 

Some of the newest marker signal 
generators are quite different from the 
kind we have already described. 
These contain a built-in mixer -de- 
tector stage in which the marker sig- 
nal is mixed with a small amount of 
energy taken from the output of the 
sweep generator. The resulting beat 
output is then fed directly to the oscil- 
loscope, where it is connected in paral- 
lel with the sweep output that is 
coming from the set. In other words, 
only the sweep generator signal goes 
through the receiver, but the output of 
the marker unit has the necessary beat 
at the right point (since it is in syn- 
chronism with the sweep) to indicate 
the frequencies on the curve shown by 
the oscilloscope. Instruments of this 
kind have crystal calibrators built in 
them for checking the marker gener- 
ator alignment from time to time. 

Some servicemen couple a marker 
generator to a receiver capacitively 
simply by placing the marker lead 

near the mixer circuit. In general, you 
should follow the instructions accom- 
panying your marker and generator 
combination in connecting them to a 
receiver. 

As a simple check on whether the 
marker is properly connected, set up 
the sweep signal generator and oscil- 
loscope and get a response. Next, con- 
nect the marker and turn it on. The 
response curve should then have the 
characteristic wiggles of a pip on it, 
but should otherwise be unchanged. 
If it does change, either the marker 
output must be reduced or the marker 
must be connected at a different point 
so that it does not upset the sweep out- 
put. 

The sweep generator -marker -oscil- 
loscope method of alignment has two 
advantages: it lets you see whether 
the over-all response curve has the 
right shape, and lets you determine 
whether the curve covers the right 
frequency range. It is always possible 
for the response to have exactly the 
right shape but to be shifted above or 
below the correct frequency range. 
You can tell whether this has hap - 
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FIG. 20. Position of carriers on a response 
curve. 

pened by using your marker to locate 
various frequencies-such as the car- 
rier frequencies-whose relationship 
to the curve is known. Fig. 20 shows 
where the various carriers are sup- 
posed to occur in many sets. If you 
find, with the aid of your marker, that 
the picture carrier is not half -way 
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down the slope of the response, you 
know at once that the response curve 
does not have the frequency range it 
should have. The manufacturer's in- 
structions will show you where the 
various carriers should be with respect 
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FIG. 21. Schematic of a crystal detector 
probe. 

to the response curve for the set you 
are interested in. 

BAND-PASS ALIGNMENT 

Two basic kinds of band-pass cir- 
cuits are used in video i.f. stages. In 
one, each circuit covers practically 
the full band width, in the other, the 
circuits are band passed but are also 
somewhat stagger tuned in their ar- 
rangement. 

It is sometimes possible to align 
either kind of band-pass circuit fairly 
well with a standard signal generator 
(we will show you how later on). It 
is far better, however, to use a sweep 
generator and an oscilloscope for the 
purpose. 

Band-pass circuits, because they are 
overcoupled, are critical in their ad- 
justment. It is very easy to get them 
out of adjustment so that the response 
curve is lopsided or consists of two 
widely separated peaks having a val- 
ley between them. The best way to 
avoid such difficulties is to adjust the 
primary and secondary simultaneously 
on each transformer as you move 
along. 

As we have pointed out, there are 
two basic ways in which you can make 
the alignment. One is to connect the 
oscilloscope to the detector load and 
then move the sweep generator and 

marker back a stage at a time toward 
the input. The other is to connect the 
marker and sweep generator to the 
converter stage and move the oscil- 
loscope from the input toward the out- 
put, a stage at a time. In the latter 
case, the oscilloscope must be con- 
nected to the set through a rectifier 
and decoupling network like that 
shown in Fig. 21. You can buy such a 
coupling unit made up in an enlarged 
probe, or you can make one if you are 
careful to arrange it to take a mini- 
mum of space. 

No matter which way you move 
through the video i.f. amplifier in a 
stage -by -stage alignment, you must 
have the manufacturer's instructions 
so that you will know what response 
curves you should see for the various 
groupings of the stages that you have. 

Courtesy General Elect fie Co. 

FIG. 22. Partial and over-all responses of 
a band-pass i.f. section. 

That is, you will need to know what 
the response curve for one stage alone 
looks like, then what shape the curve 
for two should have, and so on. 

A typical example of such curves 
is shown in Fig. 22. Part A of this 
figure shows the curve for one stage 
(the output stage) ; B, that for two 
stages; C, for three; and D, the over- 
all response. Notice that the other 
curves do not closely resemble the one 
showing the over-all response. 

It may be possible to make an over - 

21 



all alignment adjustment of a band- 
pass i.f. when the trimmers are not 
very far out and when the coupling 
need not be disturbed. If the coupling 
has to be adjusted, however, the 
proper pass -band shape can usually 
be obtained only by making a stage - 
by -stage adjustment. 

Notice that the various marker posi- 
tions are very carefully indicated in 
Fig. 22. It is quite important to make 
sure that the various points on the re- 
sponse curve occur at the right fre- 
quencies. 

If you do not have a sweep signal 
generator, you may be able to use 
the method shown in Fig. 23 to align 
a stage in which an over -coupled 
transformer is used. A load resistor of 
the size recommended by the manu- 
facturer (usually 1000 ohms or less) 
is connected across one of the circuits; 
then the other is aligned. Next, the 
resistor is moved to the other circuit, 
and the circuit across which it was 
first placed is aligned. As shown in 
Fig. 23A, for example, a resistor is used 
to load the primary, and the secondary 
is tuned to resonance. Then, as shown 
in Fig. 23B, the resistor is moved to 
the secondary, and the primary is 
tuned to resonance. When the resistor 
is removed from both windings, the 

over -coupling that will be present 
without the resistor should give the 
band-pass response shown in Fig. 23C. 

INTERCARRIER RECEIVERS 
Receivers that use the intercarrier 

method of obtaining the sound may 
either be stagger tuned or have band- 
pass circuits. The alignment proce- 
dures for these sets are quite similar 
to those that we have just described. 
One difference is that you seldom align 
the sound i.f. amplifier of a conven- 
tional set unless it actually needs it, 
whereas it is customary to align the 
sound i.f. amplifier of an intercarrier 
set as a matter of course before align- 
ing the video i.f. amplifier. About the 
only difference between the two kinds 
of sets in the alignment of the video 
i.f. amplifier is that you want to get 
an over-all response curve in an inter - 
carrier set that is somewhat different 
from the one you want in a conven- 
tional set, since the video i.f. ampli- 
fier of the former must pass at least a 
small portion of the sound carrier. 

In general, the over-all video re- 
sponse curve of an intercarrier set is 
more symmetrical on the two sides 
than that of a conventional set is. If 
there are any traps for the accom- 
panying sound signal, they will not 

FIG. 23. Method of aligning a band-pass i.f. section with a non -sweeping generator. 
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have the high Q of those used in con- 
ventional sets or will be detuned suf- 
ficiently to permit a certain amount 
of the sound carrier to go through. 

Once again, you should follow the 
manufacturer's instructions concern- 
ing the exact order of the trimmer ad- 
justments and the response curves that 
should be obtained. 

Grain Traps. A grain trap is com- 
monly used in an intercarrier set at 
the point of sound take-off (and some- 
times also in any following video 
stage) to remove the 4.5 -mc. beat 
from the picture signal before it is 
applied to the picture tube. Such traps 
are also used in some conventional 
sets. 

The adjustment of a grain trap is 
quite simple. Just apply a 4.5 -mc. sig- 
nal to the first video amplifier, then 
adjust the trap until a minimum 

amount of grain is visible on the pic- 
ture tube of the set. If you prefer, you 
can connect an oscilloscope having a 
rectifying probe to the output of the 
video amplifier and adjust the trap 
for minimum signal on the oscillo- 
scope. This adjustment must be made 
with the contrast control in its maxi- 
mum position if the contrast control is 
located in the video amplifier. If the 
contrast control is located in the video 
i.f. amplifier, its setting is immaterial, 
unless you are watching a picture on 
the picture tube to determine when the 
grain is minimized instead of using a 
signal generator. 

Although this trap is in the video 
amplifier, not in the video i.f. ampli- 
fier, we have included its adjustment 
here because it is usually adjusted 
after the video i.f. amplifier has been 
aligned. 

Sound I. F. Alignment 
The sound i.f. section of a TV re- 

ceiver is aligned in just the same way 
that the i.f. section of an f.m. radio is. 
We shall sketch the method briefly 
here; full details were given earlier in 
your Course. 

The sound i.f. amplifier itself con- 
sists of from 1 to perhaps 3 stages that 
are tuned to the sound i.f. frequency. 
In an intercarrier receiver, this fre- 
quency is 4.5 megacycles. In a con- 
ventional set, this frequency is 4.5 
megacycles below whatever the video 
i.f. carrier frequency may be. 

Although these amplifier stages 
may be coupled by semi -band-pass 
circuits, the pass band is usually nar- 
row enough for them to be peak 
aligned. Therefore, you can use either 
a signal generator and a vacuum -tube 
voltmeter (peak alignment) or a sweep 

signal generator, a marker, and an 
oscilloscope (sweep alignment). 

You must connect your signal gen- 
erator to some point ahead of the 
place where the sound signal is taken 
off. In a conventional set, a logical 
place is at the grid of the mixer -con- 
verter. In an intercarrier set, you can 
feed the signal in anywhere in the 
video amplifier ahead of the sound 
take-off. 

The point to which you should con- 
nect your output indicator depends 
upon whether the set uses a limiter - 
discriminator or a ratio detector. 

If the set uses a limiter, it is con- 
sidered best to adjust the sound i.f. 
circuits for a maximum indication 
across the grid resistor of the limiter, 
so that is the logical place to connect 
your vacuum -tube voltmeter or oscil. 
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loscope. If you use an oscilloscope, 
connect a decoupling resistor of about 
50,000 ohms in series with the hot 
lead to prevent the input of the oscil- 
loscope from affecting the time con- 
stant of the limiter circuit too much. 

After the circuits up to the input 
of the limiter have been adjusted for 
maximum response, you must move 
your output indicator to the output of 
the discriminator. At that time, you 
can make the proper adjustment of 
the transformer that connects the 
limiter to the discriminator. We shall 
say more about this adjustment in a 
moment. 

A set that uses a ratio detector has 
no limiter stage (or has only partial 
limiting) . In such a set, the proper 
place to put the output indicator is 
across the ratio circuit, as we shall 
show. Once again, the purpose of the 
adjustment is to produce maximum 
output. 

F.M. DETECTOR ALIGNMENT 

Although it is possible to adjust a 
discriminator or a ratio detector with 
a signal generator and an output 
meter, it is better to use a sweep sig- 
nal generator and an oscilloscope. 
We'll describe both methods. 

Peak Adjustment. The trans- 
former that feeds the f.m. detector 
must be very carefully adjusted if 
best results are to be obtained. You 
must first set the signal generator to 
produce the sound i.f. center fre- 
quency, then tune the primary to ob- 
tain maximum output, and then tune 
the secondary to get a minimum out- 
put. Be careful in adjusting the sec- 
ondary-a slight misadjustment be- 
yond the correct point will cause a re- 
versal of the polarity of the output 
voltage. Since many vacuum -tube 
voltmeters will not indicate a reversed 
voltage, you have to be careful in ap- 
proaching zero output to be sure you 

do not go too far. If you suspect that 
you have, reverse the test leads and 
see if you get a reading. If you do, re- 
adjust the secondary slightly. You 
will have gotten the right adjustment 
when the reading remains as near zero 
as possible when you reverse the leads. 

The output meter connections for 
this adjustment depend on the type of 
detector circuit. If the set uses the 
standard discriminator circuit shown 
in Fig. 24, connect the v.t.v,.m.between 
point Y and ground, and adjust the 
primary trimmer Cl until you get a 
maximum reading. Then connect the 
v.t.v.m. between point X and ground, 
and adjust the secondary trimmer C2 

L3 

FIG. 24. Output meter connection points 
in a standard discriminator circuit. 

until you get a minimum output. You 
may have to go back and forth, re- 
peating each adjustment one or more 
times, because of interlocking between 
these circuits. 

When the ratio detector is used, the 
connections will depend on the design 
of the circuit. In the balanced detector 
shown in Fig. 25, there is a center - 
tapped resistor network across the 
charge -storing condenser C3. Connect 
the v.t.v.m. between point Y and 
ground to align the primary for maxi- 
mum output, and connect it between 
point X and ground to align the sec- 
ondary for minimum output. You 
should also connect it between point Y 
and ground for use as an output meter 
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when you align the preceding i.f. am- 
plifier circuits. These circuits should 
be adjusted to produce maximum out- 
put when. the v.t.v.m. is connected in 
this manner. 

The ratio detector shown in Fig. 26 
is unbalanced. When you align this 

FIG. 25. Output meter connection points 
in a balanced ratio detector circuit. 

kind of detector, you should connect 
the v.t.v.m. between X and ground to 
align the primary circuit L1 -C1 and 
the preceding i.f. amplifier circuits to 
produce maximum output, just as you 
do when you align a balanced detector. 

To adjust the secondary circuit L2- 
02, however, you must establish an 
artificial balance point, because the 
load resistor R1 has no center tap. To 
do so, connect two resistors of about 
100,000 ohms (R2 and R3) across R1 
as shown. These resistors should have 
the same resistance within 5%. Then 
connect the v.t.v.m. between the junc- 
tion point W and point Y, and adjust 
the secondary to get a minimum 
reading. 

Notice that two core adjusters are 
indicated for L2 in Fig. 26. These are 
provided so that the secondary can be 
adjusted to feed the proper signal to 
each diode. Adjust them simultane- 
ously for minimum output between W 
and Y. 

This peak adjustment procedure 
does not necessarily give a symmetrical 
response curve. For this reason, sweep 
alignment (which does give a sym- 
metrical curve) is preferred. 

Sweep Alignment. When you use 
a sweep signal generator, you must 
connect the oscilloscope to the point in 
the output circuit of the discriminator 
to which the audio frequency take-off 
lead is connected. You will then get 
an "S" curve somewhat like that in 
Fig. 27A if the oscilloscope is swept 
from the sweep generator. If the 
sweep generator furnishes a sync volt- 
age instead of a sweep voltage to the 
oscilloscope, you can get the double 
response curve shown in Fig. 27D by 
reducing the horizontal sweep fre- 
quency to one-half that of the sweep 
generator. This pattern is sometimes 
useful in obtaining perfect balance in 
the discriminator response, because it 
is easier to determine whether the two 
sections of the double "S" curve are 

FIG. 26. Output meter connection points 
in an unbalanced ratio detector circuit. 

alike than it is to compare halves of a 
single curve. 

You should use a marker signal gen- 
erator to determine the exact mid- 
point of the S curve (point 1 in Fig. 
27A). This marker should be modu- 
lated by an audio tone. If the marker 
is not modulated, the pip it produces 
will be visible if it occurs near one of 
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the peaks of the discriminator curve 
(at point 2 in Fig. 27B, for example), 
but it will not be easily visible if it 
occurs at the midpoint of the S curve. 
If the marker signal generator is mod- 
ulated by an audio tone, however, a 
series of beats will show up on either 

FIG. 27. The text describes the use of 
these curves in aligning a discriminator. 

side of the S curve, as shown in Fig. 
27C, except when the marker is tuned 
exactly to the midpoint of the curve. 
In other words, as long as the beat 
pattern appears outside the S curve, 
the marker frequency is not the same 
as the center frequency of the S curve. 
The beats will disappear when the two 
frequencies are the same. Inciden- 

tally, this is practically the only case 
in TV alignment in which it is desira- 
ble to modulate a marker. 

As you adjust the secondary of the 
discriminator transformer, you will 
move the S curve from side to side. 
When the transformer is properly ad- 
justed, the positive and negative peaks 
should be equally distant from the ref- 
erence line, the S curve should be 
straight between the two peaks, and 
the frequency separation of the two 
peaks should be what the manufac- 
turer recommends. This separation 
(which represents the pass band of the 
discriminator) may be anywhere from 
200 to 500 kc., depending on the set. 
Use your marker to determine exactly 
where these peaks occur. 

You should align the sound system 
as accurately as the video section. If 
you happen to align the sound system 
to the wrong center frequency, the 
points of best picture and best sound 
may not be at the same setting of the 
fine tuning control. If it is necessary 
to make any great change in the align- 
ment of the sound circuits, and the 
set uses automatic frequency control 
(a.f.c.), it may be necessary to re- 
adjust the oscillator as well to make it 
possible for the a.f.c. system to main- 
tain control. 

Front End Alignment 
Because it drifts so much, the oscil- 

lator circuit needs re -alignment more 
frequently than does any other TV 
circuit. The fine tuning control or the 
a.f.c. system used in most sets has a 
wide enough range to compensate for 
a rather large drift. Sooner or later 
the drift will exceed the adjustment 
range of these compensators, however, 
and then the oscillator alignment must 
be touched up. 

It may also be necessary to re- 
align the oscillator if the oscillator 
tube burns out, because the interelec- 
trode capacities of this tube affect the 
tuning, and a replacement tube is very 
unlikely to have exactly the same ca- 
pacities. Before you make the re- 
alignment, however, you should try a 
number of different tubes to see if you 
can find one that is exactly right. If 
you are not lucky enough to find such 
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a tube, use the one that comes nearest 
to being right so that a minimum of 
readjusting will be necessary. 

Once again, you should be guided by 
the instructions furnished by the man- 
ufacturer of the set. In some sets, the 
oscillator circuits are entirely inde- 
pendent of each other, which makes 
it possible for you to re -align only the 
channel or channels that are improp- 
erly adjusted. More commonly, how- 
ever, the oscillator coils for the various 
channels are in series, which means 
that adjusting one channel will affect 
the adjustments of all of the channels 
having lower frequencies. If you re- 
align channel 9, for example, you will 
find that the adjustments for stations 
on channels 7, 5, and 4 will be off. 
When you re -align the front end of a 
set in which the oscillator coils are in 
series, therefore, you must align all 
channels, starting at the highest -fre- 
quency channel and working down- 
ward. 

A skilled serviceman may be able 
to find a reasonably good adjustment 
by using the stations themselves as 
signal sources. In general, however, it 
is best to use a standard signal source 
of considerable accuracy for this pur- 
pose. 

Getting accuracy at such high fre- 
quencies is not easy. For this reason, 
the most practical signal generator for 
TV front-end alignment consists of a 
crystal -controlled oscillator having 
separate crystals for each channel. It 
is possible to connect such an instru- 
ment to the input of the set and to ad- 
just the oscillator, channel by channel, 
for maximum output. Then, if neces- 
sary, you can make a final touch-up 
adjustment by using the available sta- 
tions as signal sources on the stations 
themselves. 

When you adjust the oscillator, you 
must set the fine tuning control some- 
where near the middle of its range. 

If the set uses a.f.c., you must disable 
the a.f.c. circuit temporarily in the 
manner recommended by the set man- 
ufacturer. 

R.F. ALIGNMENT 

The r.f. circuits of the average input 
tuner are rarely adjustable. In gen- 
eral, the original adjustment that was 
made at the factory was made by 
spacing the coil turns and by making 
other physical adjustments to give the 
proper band-pass response. Factory 
equipment must ordinarily be used to 
re -adjust such circuits. If the r.f. end 
is badly out of alignment for any rea- 
son (a very rare occurrence), you 
should remove it and return it to the 
factory for re -adjustment. 

There are usually one or two ad- 
justments, however, that can be made 
in the r.f. section. These usually con- 
sist of adjustments for channels 6 and 
13, the highest channels in the two 
bands. If there are local stations on 
these channels, it is usually possible 
to set each of these adjustments cor- 
rectly by turning it to produce maxi- 
mum output with the set tuned to the 
appropriate station. Use a v.t.v.m. 
across the load of the video detector 
to measure the output. If there are 
no local stations on these channels, 
you can use a signal generator to fur- 
nish the necessary input signal. 

A disadvantage of this maximum - 
output method of aligning the front 
end is that it may upset the band-pass 
characteristics of the receiver. It is 
therefore a good idea to check the re- 
sponse with a sweep signal generator 
after making a maximum -output ad- 
justment. You can check the response 
on all channels this way. If you want 
to see what the r.f. band-pass char- 
acteristic looks like, connect your os- 
cilloscope with a crystal detector 
probe to the output of the mixer cir- 
cuit. If you want to check the over-all 
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response instead, connect your oscillo- 
scope to the video detector output; the 
resulting characteristic curve will in- 
clude the response of the r.f. circuit 
and of the video i.f. amplifier as well. 
Of course, make sure that the video i.f. 
amplifier is properly aligned before 
making this latter check. 

Should you ever check the response 
of a TV receiver in this manner, you 
may be surprised to see how much 
difference there is in the responses that 
are obtained on the different channels. 
Don't worry about such differences as 
long as the responses are within the 
tolerances specified by the manufac- 
turer. As a general rule, you will find 
that the tuned circuits for the upper - 
frequency channels are far wider and 
give lower outputs than do those for 
the lower channels, because most man- 
ufacturers find it impossible to prevent 
the Q of a tuned circuit from decreas- 
ing as the frequency to which it is 
tuned increases. 

R.F. TRAPS 
There may be several adjustable 

traps associated with a front end. For 
example, there is often an i.f. trap 
associated with the grid circuit of the 
mixer. To adjust such a trap, connect 
a signal generator or marker to the 
antenna terminals, tune the generator 
to the video i.f., and adjust the trap 
to produce a minimum output across 
the load of the video detector. 

There may be other traps that are 
intended to eliminate interfering sig- 
nals, such as those from f.m. stations. 
If you wish to use such a trap to 
eliminate an interference having a 
known frequency, you can use a signal 
generator to supply a signal of that 
frequency while you adjust the trap 
for a minimum output. If you do not 
know the frequency of the interference 
you want to eliminate, wait until the 
interference is present, then tune the 
trap through its range to see if it has 
any effect on the picture as far as the 
interference is concerned. 

We have advised you many times in 
this Lesson to follow the manufac- 
turer's instructions. This applies both 
to the instructions for the receiver you 
are working on and to those that ac- 
company your servicing equipment. 
You will find a number of important 
hints for speeding up your alignment 
work and for carrying it out in the 
proper order given in these manu- 
als. If you follow the set manufac- 
turer's instructions faithfully and use 
your test equipment as it is supposed 
to be used, you should have little diffi- 
culty in getting the desired alignment. 

Most of this text has been devoted 
to the video i.f. stages because we 
wanted to give the methods of sweep 
and stagger -tuning alignment in de- 
tail. Much of this information also 
applies to the alignment of the sound 
i.f. stages and of the front end. 
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Lesson Questions 
Be sure to number your Answer Sheet 65RH-4. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this Lesson immediately after you 
finish them, as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 

1. If, after focusing a receiver properly, you find that the lines in the 
vertical wedges of a standard test pattern blend together short of their 
ends, in what respect is the receiver deficient? 

2. If, after focusing a receiver properly, you find that the lines in the 
horizontal wedges of a standard test pattern are gray while those in the 
vertical wedges are black, in what respect is the receiver deficient? 

3. What is the purpose of the "phasing" control that is found on sweep 
generators that are swept sinusoidally? 

4. Why is it necessary to reduce the frequency response of a wide -range 
oscilloscope to use it with a marker generator for alignment? 

5. What will happen if the bias on the stages being aligned is not kept 
constant during alignment? 

6. Why is it desirable to connect your signal generator to the grid circuit 
of the tube ahead of the tuned circuit you are going to align? 

7. If you find that moving the cables that connect your test instruments to 
the set that you are aligning causes the signal strength to change, what 
is the matter? 

8. What may happen if too strong a signal is used in aligning the video i.f. 
section? 

9. In what way does the video i.f. response for an intercarrier set differ 
from that of a standard set? 

10. Where are grain traps used in an intercarrier TV set? 

Be sure to fill out a Lesson Label and send it along with your answers. 

29 



COMMENCEMENT -AND 
YOUR FUTURE 

This is your last regular Lesson in the NRI Course. 
With it, you have received a thorough basic training 
in Radio and Television Servicing. But more than 
this, you have learned to think for yourself; you have 
acquired the ability to locate and use printed informa- 
tion which has been prepared by others; you have 
learned to answer questions precisely, briefly, and 
clearly-you have learned to do exactly the type of 
work which leaders of men must do to gain their 
successes. 

With all these added qualifications, new develop- 
ments in your chosen field should be no obstacle; 
you are equipped to keep in step with future develop- 
ments. 

It has been a real thrill for me to watch your 
progress through this Course, to see you tackle and 
hurdle even the toughest Lessons in the Course. My 
admiration - my heartiest congratulations - my 
wishes for happiness and speedy success go to you- 
a man who will not quit when new problems arise! 
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Practical Electronic Control Equipment 

OPPORTUNITIES IN A NEW FIELD 

JUST as electrical power has largely replaced human muscles, so is the 
"electric eye" gradually replacing the human eye in industry, the "elec- 

tric feeler" replacing the human sense of touch, the "electric taster" replac- 
ing the human sense of taste, and the "electric nose" replacing the human 
nose. Since electronic tubes play an important part in making these elec- 
trical senses carry out desired control operations, we call the entire field 
electronic control. 

Electronic control is a new and fast-growing field, and pioneering will be 
in order for many years yet. Because of your thorough training in radio, 
you are now in a position to take a leading part in the development of this 
field and in the application of the already -available electronic devices to 
industrial eeds. There will be only a few precedents to guide you in in- 
dividual electronic applications (most of these being given in this book), 
but with an understanding of the standard circuits and setups, you can 
become an electronic control specialist-if you want to. 

Opportunities for the application of practical electronic control equip- 
ment exist in almost every industry. If you are now working for an or- 
ganization which has a need for improved machine controls, you can make 
your knowledge of electronic control serve as a key to promotions and 
salary boosts. 

Like the field of public address systems, electronic control can be at first 
simply a side -line for an active, progressive Radio-Trician; eventually it 
may become even more important than your servicing business. In order 
to gain the attention of those who need electronic control equipment, make 
your store or shop "the showroom of modern industrial magic"; install 
electronic devices which will arouse the interest of your regular customers, 
who in turn will tell the_r friends, giving you free advertising. Study the 
needs of store owners and others in your neighborhood, sell them electronic 
controls and gradually your ability will attract the attention of factory 
owners and industrial agents in your town. Remember, though, that while 
merchants may want only trick devices to attract customers, industry ac- 
cepts new devices only when they can profitably perform a definite, desired 
task accurately and dependably. 

As the electronic control industry expands, manufacturers of electronic 
equipment and the agencies which specialize in selling, installing and main- 
taining the equipment will need more men; those trained in both radio and 
electronics, as you are, will get first chance at these jobs and will command 
the highest salaries. 
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ADVANTAGES OF ELECTRONIC CONTROLS 

A few of the more common advantages and reasons for installing elec- 

tronic control equipment are listed below, to give you some idea of the 
great variety of projects covered by this new field. 

I. Reduction in the cost of producing a product. 
2. Reduction in equipment maintenance costs. 
3. Insuring more uniform quality of manufactured products. 
4. Safeguarding and protecting life and property. 
5. Speeding up industrial operations. 
6. Counting objects accurately. 
7. Inspecting and adjusting manufactured products with greater accuracy and 

speed than is possible even with the best workers. 
8. Acting as a constant attendant in supervising actions which occur at irregular 

intervals or when least expected. 
9. Attracting and holding the attention of prospective customers. 

10. Controlling things which cannot be detected by the human senses. 

11. Controlling objects too fragile for mechanical controls. 
12. Improving the efficiency of human workers. 

ANALYZING THE JOB 

No matter what application of electronic control equipment you may be 

considering, first study and analyze the job. Be absolutely fair; will a 

simple mechanical or electrical control work as efficiently and be less ex- 
pensive? If it will, suggest it even though this may mean less profit to you. 
If a simple push-button set into a door frame will set off an alarm when 
the door is opened, it is unwise to recommend a light beam and photocell 
control device for this purpose. If an overflow of liquid can be detected by 
a floating ball on a hinged arm, it is folly to recommend a photoelectric 
control here. The customer will eventually discover the least expensive 
way, and if you have erred, intentionally or not, you will lose prestige. Be 

fair and you will go far in this field. 
If the request for a control originates with some one else, be sure to get a 

clear statement of what is to be accomplished; if the control is to be a part 
of an existing machine or process, study the machine or process. You must 
not upset the existing conditions. If the job originates with you, then you 
should already have all necessary data. Place your ideas and plans on 

paper, work out the design, study the results, and when you are convinced 
that your project will prove valuable, prepare a written report, giving: 
1, the purpose of the control; 2, the advantages; 2, the design; 4, the esti- 

mated cost; 5, savings to be gained by its use; 6, estimated time required 
to make the installation. This report constitutes your bid for the job; al- 

ways secure the written approval of the customer on the entire job and on 

your price, and secure an advance payment when you think it necessary. 

When the job is finished and in operation, call back periodically to inspect 

its operation. Purchase commercially available equipment made by 

reliable concerns, making full use of their engineering consultation service; 

construct only those parts which are not standard or readily obtained. 
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BASIC PARTS OF A CONTROL SYSTEM 

In every electronic control system you will find some or all of the fol- 
lowing important parts: 

1. The detector, which converts the physical change being controlled into a de- 
sired electrical change, either directly or by means of mechanically actuated 
contacts. With photoelectric controls the electric eye is the detector; with 
temperature controls, a thermostat, mercury column thermometer, or some 
other device which responds to changes in temperature serves as detector; 
with humidity controls a special indicator using one or more pieces of blonde 
human hair may be the detector. 

2. The introductory system, which brings before the detector the object or agent 
to be analyzed. For example, the introductory system may be a conveyer belt 
which makes the packages being counted pass in front of the electric eye; it 
may be the railing on each side of the approach to a door, which compels a 

person to walk through the light beam; it may be a special pipe or wire which 
makes the liquids, gases or the electric current being supervised pass in front 
of or through the detecting device. We must include in the introductory 
system all of the devices which insure proper operation of the detector; for 
example, with the electric eye the entire optical arrangement is a part of the 
introductory system. 

3. Amplifying and power relay devices are often essential components of an 
electronic control system. In one sense the amplifier is the "automatic brain" 
of the system, building up the weak current changes produced by the detector 
to give sufficient energy for a positive control, and at the same time selecting 
and handling in an orderly, prescribed manner the controlling impulses. 
Vacuum and gas amplifier tubes, relays of all kinds, circuits with unique 
characteristics, and electromechanical "gear switching" systems play vital 
parts in the final control operation. 

1. The device being controlled is naturally the most important part of an elec- 
tronic control system, for it must perform the desired action. The operation 
of this device is of far more importance to its owner than the means of con- 
trolling the device. If the device is to open and close a door automatically, 
we must consider the electric motor, the worm and drive gears, the reversing 
switch, the limit -of -travel switches and the door itself. 

PHOTOELECTRIC CONTROL SYSTEMS 

Photoelectric control holds an important position in the field of elec- 
tronic control; commercial apparatus for all standard photoelectric jobs 
has been on the market for many years, and is available at reasonable 
prices in a wide range of models. Existing equipment is easily modified 
by electronic engineers to meet special requirements of individual appli- 
cations, when necessary. For these reasons we will pay special attention 
to the photoelectric branch of electronic control. 

In analyzing the average light-sensitive control circuit, you will find 
the following basic units: 1, the light-sensitive cell; 2, the light source with 
its associated optical system; 3, the amplifier and sensitive relay (or super- 
sensitive relay with sensitive relay) ; 4, the power relay; 5, the device being 
controlled. Before going into specific photoelectric applications, a general 
discussion of these essential units will be helpful. 

The Light -Sensitive Cell. This is the detector in a photoelectric system, 
changing its electrical characteristics in response to changes in the quan- 
tity and quality (color) of light. The three basic types of cells are the 
photoemissive, photoconductive, and photovoltaic cells. When the light 
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beam is to be invisible to the human eye, infra -red light is generally util- 
ized; photoconductive (selenium) cells and photoemissive cells are gener- 
ally used with "invisible" beams, for they have high infra -red response. 

Light Source and Optical System. A source of artificial light and an 
optical system for directing the greatest possible amount of this light on 
the light-sensitive cell are necessary in all photoelectric control systems 
except those which are designed especially to respond to general illumi- 
nation. 

The 6-8 volt, 32 candlepower automobile headlight bulb has become 
more or less standardized as a photoelectric light source, but in some units 
a 110 volt home movie projector type of lamp is used in order to permit 
operation of the bulb on either 110 volts A.C. or D.C. With the low voltage 
lamp a step-down transformer is needed, the secondary having several 
taps. The lamp should always be operated at the lowest voltage which 
gives sufficient illumination, to secure long lamp life. Twin filament lamps 
are generally used; when one filament burns out, the position of the lamp 
in its bayonet type socket is merely reversed. These lamps have a high 
infra -red output and can, therefore, be used with an infra -red filter to 
produce an invisible beam. 

Either parabolic mirrors or convex spherical lenses can be used to con- 
centrate light from the source into a narrow beam. Lenses are more widely 
used than reflectors for this purpose, since lenses are lower in cost, simpler 
to adjust, and permit focusing of the beam to any desired position. 

Photoelectric light sources must be rugged in construction, for they are 
often subjected to considerable abuse. In some cases, as in door -opening 
installations, persons or trucks may bump the unit or its support; inquisi- 
tive persons will seek to discover what is inside that "cute little box," and 
in outdoor installations snow, rain, ice and sleet will batter the unit. 
Representative commercial light sources are shown in Figs. 1A, 1B, le 
and ID; in each, a step-down transformer is built into the lamp housing, 
and a spherical lens is placed in front of the lamp. The position of either 
the lamp socket or the lens is adjustable; the lamp is set at the focal point 
of the lens when an approximately parallel beam is wanted, and back of 
the focal point (but at less than twice the focal distance) when the con- 
verging beam is to be focused on the light-sensitive cell. In general, the 
beam of light is adjusted to have a greater diameter (at the light-sensitive 
cell) than the cell cathode; this prevents vibration in any part of the 
optical system from throwing the beam off the cell and causing improper 
operation of the control system. 

The average photoelectric control unit requires an illumination of about 
5 -foot candles on the light-sensitive cell; the maximum distances at which 
this intensity can be obtained for the light sources shown in Figs. IB and 
ID, and for two sizes of ordinary incandescent lights without lenses or 
reflectors are given on the graph in Fig. 2. With ordinary 110 -volt lamps 
the illumination varies inversely as the square of the distance, and there- 
fore drops off rapidly as the light-sensitive cell is moved away from the 
lamp. Ordinary lamps are unsuited for producing powerful beams, prin- 
cipally because their filaments have too large an area. 
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The photograph in Fig. .5 illustrates a practical photoelectric application, 
where a beam of light directed across the punch press prevents the press 
from operating until the operator's hands are out of danger. The light- 
sensitive cell, placed in the dust -proof metal housing at the right, has a 
tubular visor to keep out all light except that reaching it from the light 
source at the left. When the distances involved are as short as this, no 

FIG. 1A. This light source, a Western Electric 
product, has a light filter (two panes of colored 
glass) held in place between the lamp and the 
lens barrel by a spring clip. Careful design of 
the castings used for the housing gives a sturdy, 

weather-proof unit. 

FIG. 1B. Westinghouse type F general purpose 
light source, designed for indoor use. The trans- 
former is housed in the lower casting; the ad- 
justing screw on the lens barrel is loosened 
while focusing, then tightened to hold the lens 
in the desired position. Provisions are made for 
attaching metal conduit at the base, through 
which the wires to the transformer can be run. 

FIG. 1C. Another simple light source with trans 
former, in a weather-proof cast iron housing. 
Adjusting screw clamps lens tube in desired 

position. 

Fm. 1D. View of interior of Westinghouse type E 
long range light source, designed for either in- 
door or outdoor use. Light -concentrating lens in 
rigidly mounted in cover, but lamp socket can be 
moved backward or forward for focusing. Unit is 
designed to deliver a parallel beam which it 
about 5 inches in diameter at a point 10 feet awe 
from lens. Note that in each of these four light 
sources, a step-down transformer is mountel 

below the lamp, and no reflectors are used. 

light -collecting lens is needed, and even the light -concentrating lens on 
the source can often be dispensed with if a simple reflector is used back of 
the lamp. When protecting the operators of machines against their own 
carelessness in this way, electromagnetic devices are usually attached to 
the operating lever of the machine to prevent release of the lever when 
the operator's hands are in the danger zone; a careful study of each instal- 
lation is necessary, for the machine must not be slowed up unless the 
operator actually is in danger. 

A photoelectric control unit utilizing a light -collecting lens is shown in 
Fig. 4; this lens concentrates a large -diameter beam on the photocell 
cathode. Light -collecting lenses like this are generally required where tin 
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light beam is transmitted for distances greater than 15 to 40 feet (depend- 
ing upon the type of light source used) . 

Mirrors can be placed in the path of a light beam to change its direc- 
tion, but each reflection from an ordinary mirror results in a loss of about 
40% of the light reaching the mirror. This loss can be compensated for 
by using a stronger light source and better optical system. The mirror 
used must be large enough to reflect all of the light beam. 

Some light is also lost (through reflection) when a beam is directed 
through a plate glass window or a pane of glass; the loss is about 5% for 
zero angle of incidence (at right angles to the glass), and increases to 25% 
for a 45 degree angle of incidence. 
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FIG. 2. This graph gives maximum intensities of illumination at different distances 
from the type F Westinghouse light source (pictured at B in Fig. 1), from the 
type E Westinghouse unit (pictured at D in Fig. 1) and from two sizes of 

ordinary incandescent lamps. 
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The light-sensitive cell may either be housed in the amplifier and re- 
lay box, as shown in Fig. 4, or may be placed in a special housing similar 
to the housing used for light sources. A separately mounted photocell is 
pictured in Fig. 5, connections being made between cell and amplifier by 
wires running through a grounded BX cable; since the photocell is essen- 
tially a high impedance device, these precautions must be taken to re- 
duce undesirable pickup in the connecting leads. Manufacturers supply 
special cable for making connections to photocells like this. 

Visors of the forms shown in Figs. 4 and 5 are essential where a beam of 
light is directed on a photocell, for these visors exclude light from other 
sources and thus prevent improper operation of the equipment. 

Amplifier and Relay Unit. This is the "brain" of the control system, 
interpreting what the light-sensitive cell sees; it can be made to act on 
impulses of light, on gradual changes, or on differences in the color of light; 
it can be made to ignore anything but slow permanent changes; it can 
be made selective in its action. All the peculiarities of radio and electrical 
circuits can be put to use to get actions which appear nothing short of 
magical to the general public. 
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It is customary to place the amplifier stages and sensitive relays in a 
single housing; the photocell is often placed in this housing too, as it is in 
Fig. 4. The power pack, the special circuits and the circuit -adjusting con- 
trols are housed in the same box, giving a compact, easily serviced unit. 
Heavy-duty relays are usually placed in a separate housing mounted close 
to the device being controlled. Bear in mind that when photovoltaic cells 
are used, only relays are needed; the cell feeds directly into a super- 
sensitive relay which may control motor -operated switches or relays. 

FIG. 3 (upper left). A beam of light may here 
save a worker's hand some day. The powerful 
punch press cannot operate while the beam of light is interrupted, for the photoelectric ampli- 
fier and relays are interlocked with the press 

controls. 
FIG. 4 (upper center and right). Two views of 
General Electric CR7505-M1 outdoor photo- 
electric relay with self-contained photocell and light -collecting lens. Light intensities as low as 
3 foot-candles will cause relay to pull up; light 
beam should be completely intercepted for relay 

to drop out. Note metal visor over lens to keep 
out slanting rays of sun. 

FIG. 5 (lower left). General Electric CR7505.A5 
indoor type photoelectric relay with covers re- 
moved. Photocell is in separate housing, con- 

nected to relay unit by BX armored cable. 
FIG. 6 (lower right). Typical electromagnetic 
counter (made by Production Instrument Co.) 
with cover removed to show the six number 
wheels. The maximum operating speed is hen 

25,000 counts per hour. 

The Device Being Controlled. Photoelectric equipment is essentially 
designed to control electrical apparatus, the largest relay in the system be- 
ing connected to start and stop the electrical device which is to be con- 
trolled. Where the desired operation is of a mechanical nature, additional 
devices are sometimes needed; for example, when the flow of gas or water 
to a device is to be controlled, the final relay would be connected to an 
electromagnetic valve. In some cases, as in automatic door openers, motors 
are used to give the required mechanical motion. 

Basic Considerations. In applying photoelectric controls to industrial 
or commercial jobs, the manner in which the optical system will react 
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should be given full consideration. In fact, the types of light-sensitive con- 
trols can be grouped according to whether: 1, the light beam is cut off or 
on; 2, the light beam merely varies in intensity; 3, the color content of the 
light beam varies. A better understanding of photoelectric control sys- 
tems will be obtained if typical systems are studied according to these 
classifications. 

CONTROLS WHERE LIGHT IS CUT OFF OR ON 

The commonest type of photoelectric control is that which involves in- 

terruption or turning on of a beam of light which is directed on a light- 
sensitive cell. Standard photoelectric units are available from various 
manufacturers; with the correct unit at hand, there remains only the in- 

stallation and connection of the various components to give the desired 
results. A few examples will be taken up to show how simple this is in 

most cases. 
Counters (Slow Speed). The movement of an object through the light 

beam of a photoelectric system produces an electrical impulse which, if 

amplified and fed to an electromagnetic counter of the type shown in Fig. 6, 

will cause the counter to read one number higher. The speed of the con- 
trol equipment (number of objects it can count per minute) is governed 
essentially by the speed of the counter; 600 "counts" per minute is an 
average top speed. Electromagnetic counters require about 5 watts of 

power and can be obtained for use with either A.C. or D.C. power of any 
practical voltage and frequency. Standard counters will count up to 9,999 

or 999,999, but special counters can be obtained which will count up to 

any desired amount, automatically reset themselves to zero and in the reset 
process trip a switch. 

When objects on a moving conveyer belt are to be counted, the light 
beam is directed across the belt; each object interrupts the beam once, 

and the photoelectric amplifier sends one impulse to the counter. The 
conveyer here places the objects in the proper position for counting, and 
no other introductory devices are needed. On the other hand, when per- 

sons are being counted, it is necessary to design the introductory system 
so that only one person can pass through the beam at a time. This is done 

by constructing a passageway or entrance just wide enough for a single 

person. 
Another interesting photoelectric counter application is that where 

definite quantities of some small object are to be placed in containers. The 
reset type of counter can be used here, the final switch action being used 

to control a conveyer which will bring an empty container into position 
ready for a new count. 

One -Way Counter. When objects pass through the beam in both direc- 
tions, as in the case of automobiles going over a highway or bridge, a spe- 

cial counting circuit can be used to count only the cars moving in one 

direction. This circuit, given in Fig. 7, uses either selenium cells or photo- 
cells. With the cells connected as shown, illumination on a cell lowers the 
cell resistance, makes the amplifier tube grid more negative and thus 
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lowers the plate current; interruption of a light beam therefore increases 
the plate current of the associated amplifier tube. 

With a circuit like that shown in Fig. 7, only objects moving upward 
will be counted. When light is on both cells, the plate currents of the two 
tubes are a minimum and all three relays are in their drop -out positions 
as shown; an object moving upward first interrupts the beam on PB, caus- 
ing relay RB to pull up. The contacts of RA and RB are both closed now, 
but Rc cannot pull up for the simple reason that plate current in VTA is 
still a minimum and is insufficient to operate both RA and Rc, now in 
parallel with each other. The object moves farther up, to a position where 
it interrupts both beams; the plate current of VTA increases, but-and here 
is the secret of this circuit-the coil of Rc has so much, lower a resistance 
than the coil of RA that only Rc pulls up. In other words, relay RA cannot 
get sufficient current for its operation when Rc is in parallel with it. The 
pulling up of Rc closes the contacts which control the electromagnetic 
counter, and one count is registered. As the object moves on, the beam of 

Ftc. 7. One form of selectiva 
circuit for a one-way photoelectric 
counter. Objects moving upward 
over the shaded path are counted; 
those moving down do not give e 
count. In some installations the 
electromagnetic counter can be 
connected in place of R,,, elimi- 
nating one relay, provided that 
the operating coil of the counter 
has the same electrical chortle. 

teristics as the coil of R.. 

NOT COUNTED 

LIGHT 
SOURCE 

COUNTED 

D.C. SOURCE 

TO ELECTRO- 
MAGNETIC COUNTER 

PB is restored first, causing RB and Rc to drop out; with Rc no longer 
"stealing" current from RA, the latter relay pulls up, but nothing else can 
happen. When the object leaves the last beam, restoring light to PA, 
RA drops out, closing its contacts, and the system is ready for another 
count. 

Now let us see why no count is made for an object moving in a downward 
direction. The beam of PA is interrupted first, and RA pulls up. Nothing 
else happens until the object moves into the lower beam, cutting off light 
to PB; relay RB now closes, but since the contacts of RA are open, Rc is not 
energized and there is no count. When light is restored to PA, the contacts 
of RA close; Rc cannot pull up now because VTA has minimum current and 
the electromagnetic counter does not operate. Finally, when light is re- 
stored to PB, the contacts of RB open, and the system is restored to its 
original condition. 

Objects shorter than the separation between the two beams are not 
counted, since both beams must be interrupted at some instant, and in the 
proper order. Special counting systems like this are usually built to order 
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by electronic equipment manufacturers, since they are required only for 
specialized applications. 

High -Speed Counters. In industries where small products such as 
cigarettes, nuts, bolts, etc., are produced at speeds far in excess of the 
counting ability of an ordinary electromagnetic counter, special circuits 
have been developed which will "memorize" impulses and operate the 
counter once for a definite number of impulses. 

One type of high speed counting arrangement, shown in Fig. 8, uses one 
small size gas triode for each impulse which is to be "memorized"; the 
multiplying factor for the registered count is therefore four when four 
tubes are used. The grids of all tubes are fed simultaneously by impulses 
from the light-sensitive cell amplifier, through coupling condensers C, but 
the cathode bias resistances and connections are such that only one tube 
is "fired" (passes current) at any time, and this "firing" primes the follow- 
ing tube so it can be "fired" by the next impulse. The plates of the tubes 
are connected to a D.C. source; you will remember that once a gas triode in 
a D.C. circuit fires, the grid loses control and plate current can be stopped 
only by interrupting the plate current or removing the plate voltage. 

Let us trace through the operation of the circuit from the time it is turned 
on. The D.C. voltages applied to the plates and the grid bias batteries are 
of such values that no tube can fire when voltage is first applied, even when 
signal impulses come through. The circuit must therefore be initially 
primed (one tube made to fire) by throwing switch SW momentarily to 
position 1, placing zero bias on tube VTA and causing it to fire; the switch 
is then thrown to position 2 permanently, applying the bias voltage of bat- 
tery BD to tube VTA. With tube VTA passing current, the voltage drop in 
the lower part of potentiometer RA opposes the bias voltage of battery 
BA (applied to the grid to VTB) and the net bias on VTB is made less nega- 
tive. The first signal impulse to come from the photocell circuit will fire 
tube VTB now, but will not affect tubes VTc and VTD, which are still biased 
highly negative, or tube VTA, which is passing current. The firing of tube 
VTB causes condenser CA to act momentarily as a short circuit, drawing 
a large current through RA. The voltage drop across RA momentarily be- 
comes so great that the voltage between plate and cathode of VTA is in- 
sufficient to maintain ionization. Current flow in VTA stops, and its grid 
regains control. 

The first signal impulse has thus fired tube VTB, extinguished VTA and 
"primed" the grid circuit of VTA; the next impulse will fire VTc, extinguish 
VTB and prime VTD; the third impulse will fire VTD, making the electro- 
magnetic counter read one digit higher, and will extinguish VTc and prime 
VTA, completing the cycle. Since the first impulse was created artificially 
by manipulating SW, the total number of actual impulses will be (in this 
circuit) one less than four times the counter reading (provided VTD is firing 
when the reading is taken) . 

Photoelectric Alarms. It has often been suggested that photoelectric 
controls be used as burglar alarms or for announcing the arrival of a per- 
son or car, the interruption of either a visible or invisible light beam caus- 
ing the alarm to sound; in the majority of such cases, however, it is cheaper 
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and more practical to use simple mechanical switches for the purpose. 
These switches might be simple make -and -break affairs mounted on all 
doors and windows which must be opened to enter a room or, in the case 
of filling stations, might be metal plate switches in the driveway or a 
pneumatic switch which operates when a car drives over a rubber hose. 
Capacity controls utilizing feedback -controlled oscillators, to be described 
shortly, should be considered. 

Where open passageways or definite areas in a room are to be guarded, 
and where mechanical systems are impractical, undesirable or too costly, 
photoelectric controls can be used to advantage. Standard photoelectric 
amplifier unite can be used, with an ordinary power relay if the alarm is 

to operate only when the beam is interrupted, or with a latch -in type 
relay if the alarm is to operate until the relay is reset manually. 

Many unique photoelectric alarm systems have been devised. In one 
case the interruption of the light beam opened and closed the shutter of a 
camera and set off a photoflash bulb, taking a picture of the intruder; an 
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Fin. 8. High speed photoelectric counter circuit, which "memorizes" impulses led to it by photo- 
cell and amplifier, and operates the electromagnetic counter once for every four impulses. 

alarm gong was also set into operation, scaring off the intruder before he 
could locate and wreck the camera. 

Effortless Action Switches. Where an action is desired with no effort 
on the part of the operator and no mechanical pressure on the product or 
object being controlled, the photoelectric control fills an important need. 
Standard photoelectric control equipment can generally be used, the in- 
troductory system being designed to meet the requirements of each par- 
ticular application. 

An automatic sanitary drinking fountain is a good example of an effort- 
less action switch. It is a simple matter to arrange the light source and 
light-sensitive cell so that a person bending over the fountain interrupts 
the light beam. The regular fountain valve is replaced by an electro- 
magnetic valve which is controlled by the contacts of the power relay in 
the photocell amplifier circuit. The light beam can be made invisible when 
a mystery effect is desired. 

The general appearance of an electromagnetic water valve is shown in 
Fig. 9; the mechanism is usually quite simple, consisting of a soft steel 
plunger with a conical bronze point which is normally held against the 
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orifice (water outlet) by a spring. When the solenoid or coil surrounding 
the plunger is energized, the plunger is pulled away, allowing water to 
flow through the valve. 

Effortless controls find many uses in manufacturing plants. Where strips 
of cloth, cellophane and similar materials which are subject to shrink- 
age have woven patterns or printed designs whose positions are critical, 
shrinkage causes errors in cutting and considerable waste when automatic 
cutting machinery is used. Errors due to shrinkage accumulate rapidly, 
especially in high-speed machinery, with the result that the machine must 
be stopped and reset at frequent intervals. Photoelectric control of the 
position of the printed pattern with relation to the cutting knife completely 
eliminates these troubles. A dot or other mark woven or printed in the 
margin of the sheet at each point where a cut is to be made is all that the 
electric eye needs to do its work. Light source and electric eye are mounted 
close to each other in a manner similar to that shown in Fig. 10, so that the 

c 

HT SOURCE 

REGISTER MARK 

FIG. 9. A typical electromagnetio Flo. 10. The "detecting" section of a photoeleotrie 
water valve, register control. 

light-sensitive cell can detect the changes in light reflected from the mov- 
ing sheet of material. 

Photoelectric register controls like this are now being used extensively 
in connection with package wrapping machinery like that shown in Fig. 
11; here a friction brake is used to correct the speed of the moving paper 
at the command of the photoelectric control system, to insure correct 
register. 

Automatic Door Openers. The opening of doors automatically as a per- 
son or vehicle approaches is becoming a very popular job for photoelectric 
controls. Doors in garages, stores, hospitals, restaurants, factories and 
public buildings are today controlled by interruption of beams of light. 

Door opening mechanisms are available for the opening and closing of 
three general types of doors: 1, doors which open inwardly or outwardly, 
or swing in both directions; 2, sliding doors; 3, overhead doors. The door 
opening mechanisms can be divided into two general groups: 1, those 
using electric motors operating worm gear drives, cables running over 
pulleys, or a link motion mechanism; 2, pneumatically operated openers, 
in which the motion of one or more pistons under the action of compressed 
air is transferred into motion of the door by link mechanisms. 
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Each door opening installation requires a complete photoelectric control 
at the approach, to cause the door to open when some one enters the in- 
troductory system, and generally another complete photoelectric control 
to close the door after the person or vehicle has passed through and in- 
terrupted a light beam on the other side. In many installations, of course, 
it is more feasible to arrange a manual control for closing the door; in 
private garages this especially holds true, for here the door must remain 
open as long as the engine of the car is running, to prevent an accumulation 
of deadly carbon monoxide gas. In this particular case the driver must 
get out of his car anyway, so it is no hardship for him to turn a switch on 
the wall to close the doors. 
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FIG. 11A (above). Simplified sketch of photoelec- 
tric registry control mechanism. 

FIG. 11B (right). View of modern packing machine; 
cellophane rolle containing printed designs are ac- 
curately cut to required size sheets by means of 
photoelectric registry control, insuring that the 

pattern is perfectly centered on each sheet. 
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When very long objects, such as a truck and trailer or a long string of 
trailers, may pass through a door, the truck may intercept the closing light 
beam before the last car has cleared the door; in cases like this it is neces- 
sary to use an additional light beam or some other means of indicating to 
the "brain" of the photoelectric system that the doorway is being blocked. 
One solution to this problem, a light beam directed diagonally through the 
doorway, is shown in Fig. 12. 

In Fig. 13 is shown a typical photoelectric door opening installation; a 
photoelectric cell and light source are mounted inside the railings placed on 
either side of the entrance, while the pneumatic door opening mechanism is 
mounted above the door. A motor driven air compressor and storage tank, 
located in a remote place, provide air pressure at thé correct value. Inter- 
rupting one beam opens the doors and interrupting the beam on the other 
side of the door closes the doors. 
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The advantage of a pneumatic door opener lies in its ability to open and 
close doors almost instantly, with a minimum of noise. Where slower acting 
doors are permissible, as in garages and in industrial plants, motor driven 
mechanisms can be employed; typical examples of these are shown in Figs. 
14A, 14B, 14C and 14D. A reversible motor is generally used; note that in 
Fig. 14A the cable actuates a link mechanism; in Fig. 14B an endless cable 
running over two pulleys moves the sliding doors in and out; in Fig. 14C a 
gear box operates levers connected to the two swinging doors; in Fig. 14D 
an endless cable pulls the door up overhead. Worm and screw mechanisms 
driven by electric motors are also widely used for these types of doors. The 
possibility of power failure must always be considered in a door opening 

Ftc. 12 (above). Arrangement of light beams 
for fool -proof photoelectric door -opening sys- 
tem. Three photovoltaic cells connected in 
series feed into one super -sensitive relay 
whose contacts in turn control a rotary switch, 
power relays and finally the door -operating 
mechanism. Cell 3 is shorted out by switch 5 when the doors are closed. Interruption of either cross -beam increases the resistance of a cell about five times, lowering circuit current 
enough to cause relay operation and make the 
doors open. Relays and a rotary switch are 
so interconnected that interruption of the other 
cross -beam closes the doors only if nothing 

is blocking the diagonal beam. 

Ftc. 13 (right). Installation of Stanley auto- matic door opener in kitchen of modern home. 
1 

mechanism; it should be possible to open and close the doors manually when power is off. Detailed information on door opening mechanisms 
can best be obtained from the literature supplied by the various manu- facturers. 

Automatic Inspection. Photoelectric controls can be applied to prac- tically any automatic inspection application, but as a rule considerable 
ingenuity is required to design and install the system. A description of a typical application will give some idea of the problems involved. In the 
automobile manufacturing industry it is necessary to test a large number 
of steel parts for hardness. The instrument ordinarily used for testing 
hardness contains a diamond pointed weight which is dropped on the object 
from a fixed height, the hardness of the object being determined by the 
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height of rebound of the weight. The higher the rebound, the harder is the 
material. The weight (often called the hammer) moves inside a vertical 
glass tube alongside which is a scale indicating the height; the hammer 
is drawn to the top of the tube by suction, then allowed to drop. Objects 
which do not give a rebound to a certain definite height are rejected. To 
make the hardness inspection automatic, a light beam is focused so its 
cross -over point is inside the glass tube; if this beam is intercepted by the 
hammer on the rebound, the object is considered okay and is moved along 
by the conveyer system; if the hammer does not reach the light beam, a 
rejecting mechanism kicks the object into a basket for further treatment 
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Ftc. 14. Types of electric door -operating mechanisms. A-top and side views of motor -driven 
worm gear mechanism for opening outward -swinging double doors; B-motor-driven endless cable 
for opening single -section sliding door; C-motor-driven crank and link mechanism for opening 
inward -swinging double doors; D-motor-driven endless cable type opener for overhead doors. 

or scrapping. A second light beam directed through the glass tube below 
the first beam is so connected to the amplifiers and relays that the descend- 
ing hammer resets the latch -in relays in readiness for another monitoring 
operation as the hammer ascends. Naturally the rejecting mechanism must 
be carefully designed to give the desired results and make the entire testing 
procedure automatic. 

CONTROLS FOR VARIABLE LIGHT INTENSITIES 

Variations in the amount of light reaching the light-sensitive cell (rather 
than complete cut-off of the light beam) cause relay operation in a number 
of photoelectric control systems. Controls like these are possible because 
relays can be made to pull up or drop out at definite values of coil current 
corresponding to definite values of illumination on the cell; general illumi- 
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nation in a room or outdoors, which is gradually changed by movement of 
clouds or the sun, can be utilized to actuate the photoelectric control sys- 
tem. The passage of dust, smoke or fog through a light beam, the change 
in opacity of a liquid through which the light beam is directed, or the par- 
tial blocking of a light beam by a moving object are a few other examples 
of variable illumination. Some practical applications where variable light 
intensity is used will now be taken up. 

Spark Plug Gap Adjustments. As automotive spark plugs are now man- 
ufactured and assembled, it is necessary to adjust the gap between the 
points to the correct value by a separate operation after assembly. Pre- 
viously an accurate thickness gauge was held in the gap and a vibrating 
hammer used to bend the outer electrode against this gauge; unless the 
operator was very careful in stopping the hammer, a few extra blows would 
be delivered, cracking the porcelain insulator. At least one spark plug 
manufacturing plant has now replaced the steel thickness gauge with a 
light beam gauge, so arranged that when the outer electrode blocks off the 
light by an amount corresponding to the correct gap, the photoelectric con- 
trol system automatically stops the vibrating hammer. Naturally a very 
small diameter but high intensity light beam is needed; this is obtained by 
focusing light to a cone having a minimum diameter at the gap. All light 
passing through the gap is collected by a light-sensitive cell, which is con- 
nected to an amplifier in such a way that a definite decrease in light in- 
tensity actuates the relay. 

Smoke Detectors. Many towns and cities now have laws limiting the 
amount of smoke which factories, apartment buildings and other large 
users of coal and other fuels can release from chimneys and smoke stacks. 
Aside from the fact that smoke is a nuisance to the public, its presence indi- 
cates incomplete combustion and wastage of fuel, the amount of smoke 
being a direct indication of the inefficiency of combustion. If a beam of 
light is directed through the chimney or smoke stack to a photoelectric cell, 
as shown in Fig. 15A, increases in smoke will reduce the light reaching the 
photoelectric cell. If this cell is connected to an amplifier, the plate current 
of the amplifier tube will change in value according to the amount of smoke. 
A relay can be inserted in the circuit and adjusted to close its contacts and 
sound an alarm when the amount of smoke exceeds a certain definite value. 
A meter can be inserted in the plate circuit of the amplifier stage to indi- 
cate the relative amount of smoke present at all times, or a recording in- 
strument can be connected to the amplifier to give a continuous record of 
the amount of smoke passing up the chimney. Various combinations of 
relays can be used for special indicating purposes; in one system, shown 
in Fig. 15B, a red light is made to flash on to indicate improper combustion, 
and a green light is illuminated when combustion efficiency is satisfactory. 
Relays can also be connected to correct the excessive smoke condition auto- 
matically; this is usually done by having the relay start a blower which 
feeds more air to the furnace and improves fuel combustion. 

In most cases, the light beam intensity and the amplifier circuit must he 
adjusted, after the equipment is first installed, by making an analysis of 
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the gases going up the chimney, and computing the percentage of efficiency 
of combustion for various amplifier settings. Special measuring instru- 
ments are available for this purpose. In general, combustion efficiency is 
at a maximum when a haze appears at the top of the chimney. Since the 
correct installation of a photoelectric smoke detector requires consider- 
able knowledge of steam engineering, these systems are generally installed 
by firms which specialize in this one field. While some manufacturers of 
smoke detectors prefer to carry out the entire installation themselves, 
others will cooperate with you and your customer in working out a satis- 
factory system for a particular location. 

F G. 15A (above). Simp 'fled diagram 
o a representative photoelectric 
combustion efficiency recorder and 

smoke alarm. 

Coarten, liar lnatrrnient Oo 
Fto. 1515 (right). All parts of the 
Ess Model HGL -4 Combustion In- 
dicator system appear here, mounted 
on a "breudhoard" for display pur- 
poses. Hazeguge with signal lights is 
ordinarily mounted in boiler room. 

In some photoelectric smoke detectors, the panes of glass which protect 
the light source and the photoelectric cell are kept clean continually by a 
motor driven wiping mechanism, while in others some provision is made 
for adjusting the voltage of the light source to compensate for dust and 
smoke on the glass. In the latter case it is generally necessary to clean the 
glass windows about once a week. 

Turbidity and Opacity Measuring Devices. The turbidity of a solution 
(the amount of foreign material in the liquid) is easily estimated by mea- 
suring the reduction in the intensity of a beam of light which is directed 
through a sample of the solution, the emerging light beam being directed 
on a light-sensitive cell which is connected to a suitable amplifier and indi- 
cating meter. Where a continuous indication or record of the turbidity of 
a solution is required, as in chemical processes, or where pure water is re- 
quired for drinking purposes or for manufacturing processes, it is customary 
to by-pass a small portion of the main water supply, allowing this water 
to run through a short length of glass tubing through which the light beam 
can be directed. One light beam is directed through this glass tube which 
carries water to be analyzed, and another light beam is directed through a 
similar tube carrying pure distilled water. The two light-sensitive cells are 
connected to a special linear amplifier circuit known as a differential cir- 
cuit, which responds to the difference in the outputs of the two cells and 
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causes an indicating meter to register the amount of turbidity in the solu- 
tion being analyzed. Recording instruments and alarm devices may also 
be connected to the amplifier if desired. Colored liquids or dyes can be 
continually monitored in this way; sometimes color filters are used in the 
optical system to make the photocell respond to changes in the most im- 
portant color present in the liquid under test. 

Opacity, the ability of a material to block light, and transparency, the 
ability of a material to transmit light, can both be measured in a manner 
similar to that used for checking turbidity. The material to be inspected 
is either placed in the light beam or drawn slowly through it; the associated 
amplifier is connected to a meter which reads from zero to 100 per cent, the 
system being adjusted to give full-scale percentage transparency directly. 
Films of soot or dust can be measured if deposited on a clear pane of glass; 

FIG. 16. Westinghouse Treni -O 
Meter, a simple portable device for 
measuring the percentage of trans- 
parency of paper, films, fabrics or 
any other thin flat material. Housing 
of photovoltaic cell raise. so materiel 

can be slipped under it. 

the meter is adjusted to read 100 per cent with only the glass in the light 
beam, to counteract losses of light in the glass itself. 

A representative transparency measuring instrument is shown in Fig. 
16; this can also be used to measure opacity and turbidity by following the 
directions supplied with the instrument. The photovoltaic cell used here 
is corrected with filters to have the same color response as the human eye. 

Photoelectric egg candling systems operate on much the same principle 
as the transparency measuring instrument. The eggs are first sorted by 
operators for size and color of the shell, and are then placed on a conveyer 
system which carries them through the egg candling machine. A rejecting 
mechanism controlled by an electromagnetic lever pushes eggs of inferior 
quality off the conveyer belt. 

Illumination Controls. The importance of adequate illumination in 
securing maximum efficiency of workers is rapidly becoming recognized. 
Today we want light when it is needed, and not necessarily when it is 
time for the sun to set or when some one suddenly notices "it is getting 
pretty dark." If sunlight returns after artificial lights have been on for a 

while, the effects of the sun so greatly overshadow the effects of the arti- 
ficial sources that no one realizes lights are on and power is wasted. Ad - 
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vertising signs, highway lights, window display lights and school room 
lighting systems are just a few examples where automatic control of 
illumination is today being used to great advantage. It is generally recog- 
nized that for working purposes, between fifteen and thirty foot-candles 
of illumination are ordinarily required; for street illumination between .5 

and 2 foot-candles are sufficient, while about 6 foot-candles are needed for 
proper illumination of advertising signs. It is the light-sensitive cell with 
its discriminating control apparatus which makes automatic control of 
illumination at different levels possible. Various types of commercial il- 
lumination controls are now on the market, these being adjustable to turn 
lights on at a certain minimum level of illumination, and to turn the 
lights off again when illumination exceeds a prescribed maximum value. 

Illumination controls are, as a rule, quite easy to install. The control 
box containing the light-sensitive cell is, of course, placed in the room 
whose illumination is to be controlled, it being so located that the cell sees 
the average light coming from the area being monitored. The contacts of 
the illumination control relay are connected into the circuit containing the 
lights being controlled. 

There are many different types of illumination control circuits, each 
manufacturer generally showing a preference for a particular circuit. That 
shown in Fig. 17 is a good example, however, and will therefore be studied 
in detail. In this circuit, P is a photocell connected between cathode and 
grid of vacuum tube VT, while potentiometers R2 and R3 control the nega- 
tive grid bias of VT. Although the plate of this tube receives A.C. power, 
the circuit is in operation only for that half of each cycle when the plate 
is positive (when transformer polarity is as indicated) . Since the photo- 
cell anode and the plate are positive at the same time, the photocell passes 
current and acts like a variable resistance during the active half -cycle. 

The operation of this circuit is as follows: When the photocell is dark 
'insufficient illumination), the resistance of the cell is high and the grid 
bias (determined by the ratio of the resistances R1 + R to the cell resis- 
tance) is highly negative. Plate current of VT is therefore a minimum, 
and relay A is in the drop -out position, as shown. Contacts a are closed; 
relay B is getting power directly from the A.C. line, and is therefore in 
the pull-up position shown. Contacts 3, controlling the load, are closed, 
and artificial lights are on. Note that under these conditions R3 is out of 
the circuit; R2 therefore determines the level, as natural illumination in- 
creases, at which plate current is sufficient to actuate relay A. 

When natural illumination increases to the level at which the customer 
decides artificial lights are no longer needed, the increasing illumination 
on P has lowered its resistance, making the grid of VT less negative 
(closer to the cathode in potential), and thus increasing the plate current 
of VT to a value which causes relay A to pull up. Armature K now moves 
to contact b and relay B now receives its current through time delay but- 
ton (or time delay relay) M, whose contacts were closed. Current passing 
through the heater resistance in M causes its contacts to open in a definite 
time interval. With relay armature K pulled up and the contacts at M 
open, relay B drops out; contacts 3 open, turning off the artificial lights 
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contacts 2 open, and time delay button N is now in series with the coil of 
relay B; contacts 1 close, connecting potentiometer R3 in the circuit. The 
moving arms of R3 and R2 are thus connected together through resistor R, 
which has a sufficiently high ohmic value to prevent overloading of the 
transformer, and the grid bias will be determined solely by the setting 
of R3. 

The lights are now off; when natural illumination drops below the level 
determined by the position of R3, the resistance of the photocell increases, 
plate current of VT decreases to the drop -out value for relay A, and 
armature K drops out to make contact with a. Remember that relay B is 
still in the drop -out position; the coil of B now gets its power through the 
heater resistor of time delay button N (whose contacts are open when 
cold), but this heater resistance keeps the current through B below its pull- 
up value. In a definite time interval the contacts of N close, allowing relay 
B to pull up. Now contacts S turn on the lights; contacts 2 close, shorting 
out N and allowing it to cool in readiness for the next cycle of operation, 
contacts 1 open, cutting out R3 and allowing R2 to take control again. 

This system provides separate adjustments for low and high values of 
illumination, eliminating any need for adjusting the relays to certain pull- 
up and drop -out values. The two time delay buttons act to prevent flash- 
ing of lights on and off where changes in illumination are temporary, such 
as changes caused by passing clouds in the daytime, flashes of lightning at 
night, or persons walking directly in front of the light-sensitive cell. 

Sorting According to Size. Objects having a definite geometrical shape 
but different sizes can be accurately sorted according to size if passed 
through a beam of light which is a part of a photoelectric control system. 
In some cases the light is beamed through a tunnel whose cross-section 
corresponds to the shape of the largest object being inspected, the inside 
of the tunnel being painted black to prevent reflections of light. The ob- 
jects being inspected are carried through this light -tunnel by a conveyer 
system, and the amount of light passing around the object is condensed 
onto a photoelectric cell by a collecting lens. The smaller the object, the 
more light will reach the photocell; the amplifier and a rejecting circuit 
can be adjusted to reject all objects under a certain size. One form of re- 
jecting mechanism, which can be used to "kick" objects off a moving belt, is 
shown in Fig. 18. 

When more than two sizes of objects are to be sorted, one photoelectric 
analyzer is usually required for each size. The objects are passed through 
each analyzing position in turn, a separation into two sizes being made at 
each position. Even tape, ribbon or wire can be monitored for size in this 
way; the material is made to pass through the analyzing beam, and when 
its width exceeds certain dimensions, an alarm or signal system either 
warns the operator or stops the machine. Thousands of other photoelec- 
tric sorting and inspection applications are possible, but in general, stand- 
ard photoelectric amplifier circuits can be used. Your job is to choose the 
correct relays and the optical system. 
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CONTROLS WHERE COLOR OF LIGHT VARIES 

Photoelectric cells, as you know, have varying responses to light of dif- 
ferent colors, each type of cell having its own peculiar color response char- 
acteristic. It is therefore possible to use photoelectric controls in sorting 
objects like beans, eggs, sliced pineapple, cigars and sheets of paper as to 
shades of whiteness or color; similar photoelectric controls can be used 
to supervise the roasting of coffee, the baking of cake and bread, the pre- 
heating of steel before treatment for tempering, and the control of any 
other products whose final quality is determined by the color of light which 
it reflects or emits. 
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FIG. 17 (left). Photoelectric illumination 
control circuit. 

FIG. 18 (above). One type of mechanism 
which kicks objects off a conveyer belt in 
response to impulses from a light-sensitive 
cell. A special mechanism must be de- 

veloped for each installation. 

Sorting Closely -Related Colors. Sorting of light and dark objects is 

comparatively simple, for here the difference in the amount of light re- 
flected from the object is quite appreciable; ordinary photoelectric con- 
trol units are generally quite satisfactory for sorting objects which differ 
greatly in color. When there are only slight variations in the color of a 

certain product, and the variations in the amount of white light reflected 
are not sufficient for accurate photoelectric sorting, an expert sorter first 
separates a large number of samples of the product into the desired num- 
ber of groups according to shades of color; in other words, this expert sets 
an example which the photoelectric color sorter must follow. The products 
in each group are now put through a special color -analyzing process which 
determines the average percentages of the primary colors, red, blue and 
green, in that group. The controlling color for all groups (that color 
which varies greatest in amount in all objects sorted) is then determined, 
and a filter is selected which will allow only the one particular color to pass. 
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Since one photoelectric color sorter can ordinarily separate objects into 
only two groups (corresponding to relay pull-up and relay drop -out posi- 
tions), an extra sorter is needed for each extra group (above two) into 
which a product is to be sorted; a filter of the selected color is inserted in 
each of the light beams, so that the different shades of color produce the 
greatest possible differences in light-sensitive cell response. Each sorting 
unit is then adjusted to "pick out" objects belonging in one of the groups 
originally set up by the expert sorter. 

Only a single photoelectric color analyzing system is needed when con- 
trolling a process where the color of the object changes gradually, such as 
in the roasting of coffee. When the electric eye "sees" the correct color, it 
causes relays to cut off the heat and sound an alarm. 

Color Analyzing. In many manufacturing processes where the color of 
a product is important, the sensitivity of the human eye to shades of a 
color is not sufficiently accurate for production purposes. Photoelectric 
color analyzers have been designed to replace the human eye for this pur- 
pose; although many different types of analyzers are on the market, the 
basic principles of these can be secured by studying the simplified dia- 
gram shown in Fig. 19. Here a photovoltaic cell whose color response has 
been corrected with filters to approximate that of the human eye is ar- 
ranged to "see" light which is reflected from the object being analyzed by 
a lamp which is filtered to make it approximate sunlight. The meter con- 
nected across the photovoltaic cell gives a minimum deflection when a 
pure white surface is being analyzed, and for other colors gives readings 
which are proportional to the amount of light reflected. By inserting red, 
blue and green filters in the path of the light beam in turn, the amounts of 
each primary color reflected from the product can be determined. 

Photoelectric Installation Questionnaire. To be certain that you are 
ordering the proper equipment for a particular photoelectric job, it is wise 
to check over the following list of questions, making sure that each factor 
has been properly considered: 

LIGHT BEAM 
1. Can visible light be used, or must the 

light be practically invisible? 
2. Will the light beam be horizontal or at 

an angle? 
3. How many mirrors, if any, are required 

for the beam P 
4. What is the total length of the light 

beam? 
5. What is the size of the intercepting 

object P 

6. How far will the intercepting object be 
from the light source? 

LIGHT-SENSITIVE CELL 
1. Will the cell be in the relay housing? 
2. If the cell is mounted separately, how 

far is it from the relay? 
3. Will direct or reflected sunlight or 

strong artificial light enter the cell 
housing P 

4. What is the temperature range at the 
location of the installation P 

5. Is the equipment subject to excessive 
dampness? 

6. Will any housings be subject to direct 
heat of the sun? 

7. If equipment is used outdoors, in what 
direction will light be sent from source 
to sell? 
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RELAYS 
1. What is the maximum number of relay 

operations per minute? 
2. What is the voltage, current and fre- quency of the circuit to be controlled? 
3. What is the nature of the load? (Is it highly inductive P) 
4. Will relay be in pull-up or drop -out 

position when light is on cell? 
5. What is minimum duration of complete light change which is to actuate relay? 

INSTALLATION 
1. Are there any limits on size of hoae- 

ings? 
2. Are cell and light source housings 

readily accessible for cleaning ? 
3. Are units to be mounted on floor, walls 

or ceilings? 
4. What are maximum and minimum values 

of line voltage? 
5. What is the power line frequency? 
6. If unit is to be used at night, what ie 

the night voltage range? 
7. Is one side of the power line solidly 

grounded P 
S. How many hours a day, days week 

and weeks a year is unit to be is nee? 



OTHER TYPES OF DETECTORS 
It has already been pointed out that many of the other human senses 

besides that of sight can be replaced by man-made devices which produce 
a change in electrical or mechanical characteristics, corresponding to a 
change in the effect being supervised. These detectors can be used with 
all of the circuits just described, where they replace only the light-sensi- 
tive cell. Each type of dector will be considered in turn, and a few of tht 
practical applications taken up in each case. 

PHOTOVOLTAIC CELL 

SUNLIGHT 
APPROXIMATING OBJECT BEING 
FILTER ANALYZED 

ANTENNA OR C7 
I-16MF FEELER WIRE D 

R2 
500011,1 W. 

C5 

.IMFD 

IV 
MFD 

i MEG 
) 

j C2 
10-100 MMFD CI 

C.T. l 
-I0000000 

L 
2-20M H. 

lO-IOO 
MMFD. 

607 C6 
FD 

RELAY 
10-2OMA. 

T - 
25A6 

R4 
2 MEG. 

R 
275.0. 

50W. 

FIG. 20. Schematic circuit diagram of capacity control Ftc. 19. Simplified sketch of one circuit. Condenser C7 is needed only for A.C. operation, form of photoelectric color analyzer. to prevent relay chatter; the indicated polarity must be Photovoltaic cell has filter which observed if an electrolytic condenser is used. Any external gives it color response of human eye. capacity between antenna wire and ground has the same R adjusts meter sensitivity. effect as would a condenser at Cl. 

Feeler (Capacity) Controls. It is often desirable to have an alarm sys- 
tem which will operate when a person or object approaches within a definite 
distance of the object or area being protected. Photoelectric alarm systems 
are impractical for protecting areas of irregular size, since the light beam 
can travel only in a straight path, and reflection by mirrors introduces 
heavy losses in light. The solution to the problem lies in a feeler or capacity 
control, which consists essentially of a feed-back oscillator in which the 
degree of oscillation is controlled by the feed-back capacity introduced by 
the feeler or antenna circuit. The feeler may be a single wire stretched 
around the area being protected, at a height of about three feet above 
ground; it may be a metal plate located underneath a display table con- 
taining valuable jewelry or other articles, or it may be a metal object 
such as a safe. 

A simple and practical feeler control circuit, designed by F. H. Shepard. 
Jr., of R. C. A. Mfg. Co., is shown in Fig. 20; the triode section of a 6Q7 
duo -diode triode tube forms an oscillating circuit with coil L and con- 
denser C3, the feed-back voltage of which is controlled by variable con- 
denser C2 and the capacity existing between the feeler wire and ground 
(represented by Cl in Fig. 20). The antenna is simply an insulated wire 
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acting alone or connected to the metal object being guarded. Condenser C4 
is inserted in series with the antenna lead to prevent a direct connection to 
the power supply, since no transformer is used. The diode sections of the 
6Q7 tube, connected in parallel, rectify the oscillator current; the resulting 
D.C. output, which is proportional to the strength of the oscillations, is 

fed to the grid of the 25A6 amplifier tube. Potentiometer RS varies the 
screen voltage applied to the amplifier tube. 

The circuit is initially adjusted to give maximum oscillator output when 
nothing is near the antenna. The output of the diodes is therefore a maxi- 
mum, the bias on the amplifier tube is highly negative, plate current 
through the relay is low and the relay armature is in its drop -out position. 
When a person or vehicle approaches the antenna, increasing the antenna - 
to -ground capacitance (C1) , the intensity of oscillation is reduced and the 
diodes feed a less negative bias to the amplifier; the amplifier plate cur- 
rent goes up, operating the relay. When first adjusting the circuit, potenti- 
ometer RS is adjusted until the relay just drops out when nothing is near 
the antenna; the next step is to adjust condenser C2, with a person in the 
position at which operation of the control is desired, until the relay pulls up. 

Temperature Controls. Millions of temperature control devices of vari- 
ous types are in use today, opening and closing contacts in response to 
changes in temperature. Some of these devices actuate the contacts either 
directly or through mechanical levers, while others require amplifiers 
followed by relays. Let us study a few typical detectors. 

The bi -metallic strip type of temperature control, in which two dissimilar 
strips of metal (welded together) curl and uncurl, causing a lever arm 
to move from one contact to another in response to changes in temperature, 
is pictured in Fig. 21A. This detector is extensively used in room heating 
control systems and in other applications where a large movement but only 
a relatively small force is required. 

Another temperature detector, one which depends upon the expansion 
and contraction of a liquid with changes in temperature, is shown in Fig. 
21B; here considerable force is exerted by the expanding liquid. The 
liquid is placed in a specially constructed metal bellows which readily 
changes its shape as the liquid changes in volume. One side of the bellows 
is fixed, while the other presses against a lever arm which is held down by 
a small spring. Contacts mounted on this arm may move between fixed 
contacts, or the arm can be made to tilt a mercury type switch. 

The change in the resistance of a wire with temperature is the operating 
principle of the temperature detector shown in Fig. 21C. The resistor here 
forms one arm of a Wheatstone bridge, the circuit being balanced for a 

definite temperature. Deviations from this temperature produce an un- 
balanced circuit; the resultant voltage and current are used as a means 
of controlling the heat -producing device or for operating an alarm or 
indicating system. 

The thermocouple shown in Fig. 2/D must be connected either to a super- 
sensitive relay or to an amplifier circuit. The temperature range of the 
thermocouple can be changed by adjusting the pull-up current value of the 
relay or by changing the bias on the grid of the amplifier tube. 
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When the temperature being controlled varies between definite known 
limits, mercury column thermometers having wire contacts imbedded in 
the glass walls can be used as temperature controls; the arrangement is 
shown in Fig. 21E. The rise and fall of the column of mercury makes and 
breaks the circuit between the two contact wires. 

When the temperature being controlled is subject to change from time 
to time, the photoelectric scheme shown in Fig. 21F is sometimes used. 
Here the rising column of mercury intercepts the coned beam of light at 
its cross -over point. 

BIMETALLIC 
RIBBON 

CIRCULAR CORRUGATED 
DIAPHRAGMS WELDED 
TOGETHER AT ENDS 

LIQUID 

METAL 
FRAME 

RES STOR 
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ALTERNATIVE 
TYPE OF BELLOWS 

TO AMPLIFIER 
OR SUPER -SENSITIVE RELAY 
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TO 
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THERMOMETER 
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Pto. 21. Seven different methods of converting changes in temperature into electrical changes. 

An alternative adjustable thermometer method is pictured in Fig. 21G. 
The column of mercury varies the capacity between two metal rings 
slipped over the thermometer, this change in capacity changing the in- 
tensity of oscillation of a capacity control like that shown in Fig. 20, and 
thus causing a relay to pull up. 

Humidity Controls. All practical humidity controls operate upon the 
principle that a porous detecting material, such as paper or human hair, 
will stretch more when damp than when dry. A humidity control de- 
pending upon the expansion of paper when damp is shown in Fig. 22A; a 
thin layer of the paper is cemented carefully to a very thin coiled strip of 
hard brass. The paper keeps the coil spring under tension (wound up) 
when dry, but when humidity rises the paper becomes damp and offers 
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less resistance to the uncoiling of the spring, thus closing the contacts. Nat- 
urally, in g system like this, high contact pressures are difficult to obtain; 
this scheme is used extensively, however, in direct indicating humidity 
meters. 

A more reliable humidity control, which in one case is used to tilt a 
heavy-duty mercury switch, is pictured in Fig. 22B. Human hairs arranged 
in bundles are here kept under tension by a spring; as the hairs become 
damp with rising humidity, the spring stretches the hairs to a greater 
length, moving the lever arm and tilting the mercury switch. By adjusting 
the position of the switch pivot, the control can be set for any desired 
humidity value within its range, and by changing the position of the 
pivot on the lever arm the sensitivity of the control can be adjusted. 

PAPER -A' 

FIXED 
SUPPORT 

BRASS 

-LEVER 

FIG. 22A. Humidity detector 
using special moisture -absorbing 
paper cemented to spring brase 

strip. 

FIXED SUPPORT 

_ 

HUMAN 
HAIRS .. ..a 

PIVO 

Eo- 

PIVOT 
(HEIGHT IS 
ADJUST- 
ABLE) 

FIG. 22B. Humidity detector for heavy duty operation, using 
stretched human hairs whose lengths vary with the amount of 

moisture in the air. 

Sound Controls. An ordinary radio microphone serves as a detector in a 
system where a sound is to start or stop a certain device or machine. The 
output of the microphone must be amplified and then passed to a vacuum 
tube stage whose output is practically independent of the frequency of the 
sound, but is dependent upon the signal intensity. 

A self -rectifying A.C.-D.C. audio amplifier circuit for a sound control 
system is given in Fig. 23; the type 38 output tube is here highly negatively 
biased by variable resistor R6. The relay is of the latch -in type, so any 
sound whose duration is greater than the pull-up speed of the relay will 
operate the relay and give the desired control. This sound control system 
can be used, for example, to make garage doors open when an automobile 
horn is blown. A directional microphone is in this case placed above the 
doors, and directed outward toward the driveway. Potentiometer R6 is 

adjusted to give relay operation with the lowest horn noise which will be 
encountered. With this adjustment completed, extraneous noise from the 
street or shouting will have no effect upon the system. 

Taste Testers. At present it may be stretching the imagination a little 
too far to say that a simple detecting device can tell you whether one 

chocolate bar has more of the chocolate taste than another bar, but it is 
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perfectly possible to tell whether one food product is more sour than an- 
other. For example, we can tell whether one lemon, apple, grapefruit, pine- 
apple, or even a glass of vinegar is more sour than another, since all these 
products contain acids. A taste detecting device consists simply of two 
probes, one of copper and the other of zinc, which are inserted in the prod- 
uct to be tasted. In an acid fruit or solution these two probes generate an 
e.m.f., and a microammeter connected across the probes indicates a current 
flow which is proportional to the acid concentration. By fixing the separa- 
tion of the probes and the depth of immersion, citrus fruits can be ac- 
curately compared as to taste. The sensitivity of the taster can be in- 
creased by using a D.C. amplifier. 

MICROPHONE 

LATCH -IN 
RELAY 

110V. AC. 
OR D.C. 

Flo. 23. Two stage audio frequency amplifier for sound control circuit. Circuit 
constants are: R1-75 ohms, 2 watts; R2-500 ohms, S watts; R3-500 
ohms, 5 watts; R4-325 ohms Cordohm; RS-.5 megohm potentiometer; 

R6-.5 megohm variable resistor. 

The water content of any product can be checked in much the same man- 
ner, if the microammeter is replaced with a megohm meter (an ohmmeter 
capable of measuring resistance up to about 50 megohms, sometimes called 
a megger) . The moisture content of wood is readily checked in this way by 
driving steel needles into the wood a short distance apart and measuring 
the resistance between the needles. 

Automatic control of the taste of a product can be secured simply by 
connecting suitable amplifiers and relays to the taste detecting device. 

Gas Detectors. It is a well-known fact that gases like carbon monoxide, 
illuminating gas and hydrogen can cause wires or discs made of platinum 
black (spongy platinum) to become very hot. This is due to an action called 
adsorption or surface combustion of gas. Flameless cigarette and gas stove 
lighters operate on this principle. Naturally the resistance of the material 
increases with its temperature; this change in resistance can be utilized in 
a Wheatstone bridge circuit to give any desired control or to operate an 
alarm when gas is present. A thermocouple placed in contact with the 
spongy platinum to measure its temperature can also be used as a means 
of detecting gas. 

A wire made with a platinum -iridium alloy exhibits slight surface com- 
bustion effects in the presence of various gases (becomes warm), but is not 
sufficiently sensitive by itself for gas detection purposes. If the wire is 
primed, however, by sending a steady heating current through it, combus- 
tion of the gas increases and temperature changes in the wire become suffi - 
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ciently great for detection. Platinum is the essential element here; iridium 
is included only to harden the platinum and make it more resistant to the 
high temperatures involved. 

Unfortunately, spongy platinum makes no distinction between various 
kinds of gas; this gas detector is therefore limited in its use to conditions 
where only one kind of gas exists. If hydrogen is a component of the gas in 
question and the detector is to be operated cold (without a priming cur- 
rent) , a mixture of palladium and platinum gives considerably greater 
sensitivity to gas. Practical applications include searching for leaks in gas 
pipes and monitoring the amount of hydrogen escaping from alkaline 
(Edison) storage batteries. Where a selective device is required, such as 
for detecting the presence of deadly carbon monoxide gas in airplanes, 
automobiles and garages, a chemical converter type of detector must be 
used. The chemist sets up a system which causes the carbon monoxide gas 
to change from one form to another, this action producing a change in heat 
which can be detected by a thermocouple. 
Radio Off -On Controls. Many different schemes have been devised for 

operating small devices or even airplanes and battleships by radio from 
distant points. The principle of remote controlled radio operation is quite 
simple; a low -power, high frequency (about 50 megacycles} oscillator is 
used at the control station, and a simple tuned input detector receiver 
whose output feeds a relay is located at the receiving end of the system. 
The starting of the oscillator causes the plate current in the receiver to rise 
or fall, depending upon how connections are made, thus actuating the relay 
which starts or stops the device being controlled. In more complicated sys- 
tems the oscillator sends out different code signals, and a selective relay 
connected into the output of the receiver responds to these various codes 
and performs the desired switching operation. If the codes are kept secret, 
only the correct transmitter can actuate the selective relay. 

Conclusion. Although no attempt has been made in this book to analyze 
all possible forms of detectors, sufficient information to stimulate your 
imagination has been given. Radio and mechanical experience, together 
with an inventive mind, are the requirements for developing electronic con- 
trols to replace man's natural senses of seeing, hearing, feeling, tasting and 
talking. 
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We are often told that a man must rely on himself 
for success. In one way this is true-but it is not 
true that a man can become successful in any line of 
work without the cooperation of others. Were it not 
for the fact that we are all living together in associa- 
tions of various kinds, there would be no point in 
striving for success, or in being successful. 

For this reason, men who desire to become suc- 
cessful can not ignore other people; they can not 
ride rough -shod over the feelings of others; they 
must he considerate, courteous, fair, honorable. 

Possibly we can sum up all this in two words-be 
sincere. If you are really sincere, you will be honest, 
fair, kind and considerate. 

All truly successful men are sincere. Success built 
on insincerity is not success; it can not last, nor is it 
complete and satisfying. Only merited success is 
complete and satisfying. Be sincere-if you want the 
kind of success that brings happiness. 


