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Preface

This book is written to mcet the practical nceds of a man who knows
radio servicing and would like to expand his capabilitics profitably into
television, including color scts. The book will also appeal to the television
serviceman who wants to improve his basic understanding of the work.
The information is arranged in a practical sequence which can be put to
actual usc as the rcader goes along. It can thus be used equally well for
home study, as a classroom text, or as the basis for an on-the-job training
program.

The approach used in the book represents an entirely new attack for
the problem of advancing a man from radio to tclevision. It is the out-
growth of almost twenty years of personal experience in television—as a
serviceman, a service manager, an engineer, and a practical teacher. All of
this experience involved the very real requirement of earning a satisfactory
living in the ficld of television servicing. The experience revealed consist-
cently that there was a glaring weakness in standard approaches to the sub-
ject.

The typical book or course on television servicing assumes that the
student must master the operation of all the circuits before he can start
doing any rcal servicing work. ‘The truth is, however, that such study is
unnccessary and confusing.

The approach used in this book is defmitely simple and practical. The
subject is covered in lavers, as it were. LEach layer deals with the whole
subject, but in limited depth, and provides a broad layer of knowledge.
Information is then given on how this much knowledge can be used in
practical servicing. After this the subject is covered again, broadly as be-
forc but in more depth so that another group of television receiver trou-
bles can be fixed. These steps are repeated in eveles so that cach step can
be thoroughly digested and used before the next is started.

A quick glance at the arrangement of the subjects serves to illustrate

this point. After an orienting introduction in Chapter 1, the technical
v
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aspects of television are introduced in Chapter 2. This chapter deals with
background facts in conversational terms. It covers the things vou ought
to know about television itsclf, before vou start worrving about tclevision
receivers. This first uscful laver of knowledge will develop ability to talk
about tclevision to vour customers. It will help vou answer the questions
thev ask cvery day.

Chapter 3 is a natural follow-up. It explains how black-and-whitc tele-
vision reccivers use the principles covered in Chapter 2. Circuit detail is
dcliberately avoided. Instead, the receiver is studied exclusively from the
standpoint of the functions which it performs. The chapter explains what
a set docs, not how the circuits arc designed to do these things. This
knowledge alone will permit you to do many scrvice jobs without going
any further in vour study.

Chapters 4 through 9 deal with practical service work which can be done
bv applving vour functional knowledge. These chapters cover installation,
tuning, adjustment, how to make scrvice calls and how to replace tubes
and simple parts. This information will help yvou handle the majority of
repair jobs which come vour way.

Chapters 10 through 13 represent the next layer of knowledge, in that
they cover the circuits which perform the basic functions of the television
sct. 11cre again, broad and uniform coverage is the objective. The informa-
tion will permit a more analytical approach to tougher problems—the
kind that are morc casily solved if vou know how the actual circuits work.

Chapter 14 dcals with troubleshooting. It shows how circuit knowledge
is applicd to scrvice work. Practical cases are given to add clarity. Tables
arc also included to help in the analvsis of a wide range of trouble symp-
toms.

Chapter 15 deals with information about special tclevision servicing
instruments—the kind vou would usc as vou gain competence. It explains
how they work and liow they are used, both for troubleshooting and align-
ment.

Chapter 16 dclves into the problem of television interference. This
chapter is cspecially valuable because it deals with this problem in prac-
tical down-to-carth terms.

The final four chapters expand the carlier information into the ficld
of color tclevision. Thus, another important laver of knowledge is un-
folded. You quickly get a clear concept of how color television works,
because cach chapter concentrates on what is important. To illustrate this
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point, the confusing mathematics of color has been avoided because it
adds little to basic understanding of color scrvicing problems.

Much of the information contained in this book has been provided
through the direct help and cooperation of many individuals and organi-
zations in the television industry. Wherever possible, credit is given under
illustrations to identify the source. One of the major contributions was the
finc collection of picture screen photographs supplied by the Allen B.
Du Mont Laboratorics and the General Electric Company. Many of the
sketches in the final three chapters are based upon information provided
by the Radio Corporation of Amcrica.

A special note of appreciation is extended to John Markus, not only for
his critical review of the complete manuscript, but also for the patience,
encouragement, and inspiration which he provided.

Finally, the most sincere thanks arc due to my wife, IFran, without whosc
help, sympathy, and personal sacrifice these pages would be blank. The
tvping of the manuscript was hard work but not ncarly as difficult as the
task of getting me to start from scratch after T had completely scrapped
thce original manuscript.

Eugene Anthony
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Your Chances

in Television Service

Television Service Offers Opportunity. The ficld of tclevision scrvice
offers great opportunity to the ambitious scrviceman. This opportunity
stems not only out of the fact that millions of tclevision receivers are
in regular daily use, but also out of the fact that the tclevision business
continues to grow daily and rapidly. The popular adoption of color tcle-
vision cnsures a long future of continucd growth cven after black and
white television has reached a stable level.

More Servicemen Are Needed. 1hat stable condition is not yvet here.
More servicemen will be needed to handle the growing load, and also
to take the place of those who arc unable to make the grade for onc
rcason or another. This situation is to be expected while a business is in
process of growth. It is not until after it has scttled down for some tine
that the knock of opportunity becomes softer. Even though new service-
men are getting into the television service business cvery day, their number
is not increasing as rapidly as is the nced for their services.

Servicing Is Big Business. Somc authoritics claim that the radio and
television scrvice, as a combined business, is growing faster than any
other in the country. This observation might be less surprising if it were
limited to television service only because it is relatively new, having started
virtually from scratch in 1946. But it includes radio scrvice, a long-cstab-
lished business, along with tclevision, so that the claim is thus all the
more impressive. Radio service is included because of its natural associa-
tion with television service; almost all television servicemen handle radio
scrvice as well, and consider the business to be a single package. You

will probably do the same thing; it might be foolish to do otherwisc.
1
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Television Business Figures. As cvidence of that growth, these figures
arc given: In the vear 1939, every man, woman and child in the country,
on a per capita basis, spent 70 cents per vear for radio service. Big busi-
ness? You bet! But look at what has happened since. In the vear 1950,
the per capita expenditure for radio and television service climbed to
$4, almost six times what it was in 1939. By 1955, it had rcached $9 per
person, or more than double the 1950 rate. It would scem that with some
well-directed cffort, vou should be able to get vour share.

Other Attractions of Television. The ficld of tclevision scrvice offers
something bevond simply the carning of a living. The very nature of the
work is such that onc can find a great deal of personal satisfaction in it.
It also offers the opportunity for independence to those men who want it.

Personal Tips for Success. Your chances for success arce better than good
if vou really sense an interest within vourself in the general ficld. 1f you
like to rcad about tclevision, to ponder over circuits, to use simple hand
tools, and to talk to pcople, vou have good rcason to approach television
service with a high degree of confidence. You have the assurance, at least,
that vou will be doing somcthing that you can enjoy, and the work will
be casicr. Then, if you add a little common sense, patience, and good
judgment, vour chances of success will become extremely good.

Business success is encouraged further if vou are camcst, ‘sincere, and
if vou cxercise good character. There is no substitute for personal char-
acter as a factor in cstablishing a good reputation for vourself in your
community. When vou have done that, vou have a valuable competitive
assct which will add greatly to vour volume of business, to vour profits,
and to your personal satisfaction.

The average television scrvice customer wants a serviceman who is
honest as well as competent. Once he deals with a serviceman who has
these qualities, he gencrally supports him strongly and lovally where it
counts—with other prospective customers.

You can make these forces work in vour favor if vou follow two simple
rules. First, make certain that you will alwavs deserve vour reputation;
and sccond, make certain that vou cstablish, as a firm objective, the de-
liberate development of this reputation. To express this sccond rule
another way, don’t assume or cven hope that vou will create a feeling
of trust with vour customers simply because vou are honest; instcad, make
it a special point to reflect this quality in vour total conduct without be-
ing obvious about it.
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Getting Started in Television. A radio scrviceman who contemplates
getting into tclevision service often fits into the picture better than he
may realize. Ile may feel that he is at an overwhelming disadvantage—
that nobody wants to deal with a beginner and that his services, as a con-
sequence, are not worth much. That leaves him with little choice (he
rcasons) but to usc low price as a bait, and that prospect docs not sound
promising.

‘There is little need to harbor such fears. Customers arc not able, really,
to rate a scrviceman on his technical ability or experience when they
first scc him or speak to him. Instcad, they ratc a man in terms of his
apparent confidence, or lack of it. The beginner has many good reasons
to fecl confident and thus to transmit that impression honestly to his
customers.

Results Count. To illustrate the point, the beginner can provide a val-
uable scrvice. There are many television service jobs which are basically
simple to perform. Tle can perform these as competently as a man with
vears of experience—perhaps not always as quickly, but the results should
be cqually satisfactory to the customer. Fxamples of the kind of jobs that
can be donc compctently right from the start are given in a few later
paragraphs.

Don’t Fear Competition. Although his compctitors mayv be able to
handle the tough jobs more quickly (a purcly academic point because the
practical repair situation never boils down to a competitive, side-by-side
race) they have few seeret weapons to use. This is especially true of the
large service organization which, on the surface, may appear to be heavily
armed.

Sheer size is not an advantage in itsclf, except perhaps to the owner
of the business. When vou get down to cases, there is little direct advantage
that the customer can sce; repair work cannot be mass-produced. Each
job is nccessarily a custom job, no matter how formal the organization
may be.

Often, size creates disadvantages at the customer level, which gives
vou a fighting chance to compete effectively.

Drawbacks of a Large Organization. The larger organizations find it
quitc difficult, as a rule, to maintain the highest standards of personal
rclationships with customers. Thev often must compromise in the selec-
tion of scrvicemen. The fmancial problems which arise in slack periods
invariably have their impact on the general manner in which calls are
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made. The servicemen frequently lack deep personal interest in their
work and the lack is often sensed by the customer.

Criticism of the larger service organization is not intended. As a rule,
they are honest, compctent, and efficient, but the problems outlined
above nevertheless exist.

Advantages of a Beginner. 'I'hc beginner is in a favorable competitive
position with other independent servicemen as well, because of the fact
that the bulk of their respective expenses is essentially the same. For
example, the matters of rent, telephone, parts, automobile, insurance,
and so on, arc no respecters of experience. For a given type of business,
the expenses relative to these items are about the same for both; and
they constitute the greater part of the cost, by far, in the performance
of scrvice work.

Beyond this, the enterprising beginner can often outsmart his experienced
competitors by applving some good old-fashioned common sense. He can
do this if he realizes how important the matter of good human rela-
tions is to the television repair business, and does a good job of following
its principlcs.

By way of example, the simple matter of consistent neatness both in
individual habits and appcarance, as well as of shop and vchicle, can add
dramatically to the success of a serviceman and can place him in higher
estecem than other servicemen who have been in business much longer.
Thus, the beginner on this score, too, is in a position to slug it out with
most cstablished pros on pretty fair terms.

Earn While You Learn. Tclevision scrvice is the kind of work that vou
can improve upon as vou go along. You don’t have to know it all at the
start. You may not realize that a grcat many tclevision servicemen pres-
ently in the business get by with only a minimum of technical knowledge
and do a good part of their work “by feel,” so to spcak—but thev are
nevertheless capable of quality workmanship and of providing honest
valuc for their customers.

With a little radio knowledge and repair experience as a background,
vou can fit into the television service picture without taking a back scat.

Many Television Service Jobs Are Simple. 'Ihcre are many television
scrvice jobs which can be done with virtually no previous television service
experience. All vou neced is some practical experience with radio service
and with radio scrvice tools. There are other jobs which can be done
after only a little initial study, such as is provided in the carly chapters
of this book. This includes installing antennas, adjusting scts, replacing
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tubes, and making other simple service calls. You will be able to tackle
many of these jobs almost inmediately. Later on, more detailed informa-
tion is given to help vou with some of the more complicated problems
which come up from time to time.

Following arc some illustrations of the simple types of repair jobs which
comprisc a large portion of the total jobs which vou will have to do.

Replacing Tubes. Authoritative estimates of small-tube failures in tcle-
vision sets run around 30 per cent or more. This means that almost onc
owt of cvery three jobs calls for the simple replacement of a tube, and
gencerally nothing more. Replacing tubes in television scts is not quite
as casy as in radio scts because there are more tubes and because some
of them arc a little harder to reach. Otherwise, the procedure is about
the same.

Although it is possible to locate a defective tube by blind substitution,
there are time-saving wavs to simplify this procedure. Some concrete idcas
arc offercd in this book. In any event, an inexperienced man can quickly
lcarn to handle this kind of job, and thus will be able to fix about onc-
third of the service jobs which come up, even before he has studied further.

Antenna Service. An appreciable amount of television trouble develops
out of problems in the antenna system. Broken wires, loose conncections,
corroded terminals, and mechanically damaged antennas are fairly com-
mon occurrences. Repairs of this nature call for little special experience
and can be done at a profit. With ordinary care, a new man can do work
at a quality level comparable with that of more experienced men. There
is a wide varicty of good accessorics available for television antenna work
which simplifics the problem greatly. The man from whom vou buy these
accessorics may also be able to help vou with uscful suggestions as to how
best to use them.

It is, of coursc, quitc simple to put your finger on an antenna prob-
lem when the antenna is obviously in poor condition. It may be quickly
apparent that the Icads arc broken or that the antenna itsclf is falling apart.
Less obvious cases may be solved, however, if a practice is made of examin-
ing the antenna wlhen a reasonable doubt as to its condition cxists, and
particularly if it has been in service for a few vears. You may be surprised
at the number of problems vou can solve and the extra monev vou can
carn in this way; it's a safe bet that vou will pick up more antenna jobs
than vou would otherwise get.

Component Failures. Just as in radio, there are many component failures
in television which are relatively casy to find—sore-thumb defects, as it
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were. An overheating power transformer is onc case in point, an arcing
sweep transformer is another. Such repairs arc most casily made by a
beginner when the manufacturer’s original part is purchased, becausc no
improvising is nceded. A later chapter provides some practical informa-
tion about this general tyvpe of work.

Complex Problems. Problems will arisc from time to time which are
bevond the scope of the inexperienced serviceman. These, however, need
not prove to be a stone wall. In most arcas, he can take the chassis to the
shop of another, more experienced man, or perhaps to the shop of the set
distributor, and pay to have the nccessary repairs made. If he is lucky, he
mav find that one of these people will be willing simply to point out what
the problem really is.

If he has to pay to get the sct repaired, he won’t make as much profit on
the job, or he may just about break even, but that’s a lot better than re-
turning the set unrepaired. The serviceman would normally charge the
customer for the repairs that he had to pay for, plus an appropriate charge
to cover the original call, the pickup, delivery, and reinstallation in the
cabinct.



Getting Acquainted

with Television

Two Stations in One. A television broadcast station, in cffect, is com-
posed of two completely separate broadcast stations, onc for the sound
and the other for the picture. They opcrate at different frequencics and
can cven use completely separate antenna systems. They operate as a single
system only because the camera and microphones deal with the same
subject; that is, the sound which is picked up by the microphones (or other
audio pickup devices) is directly associated with the subject upon which
the camera is trained. The general idea is illustrated in Itig. 1.

ANTENNA? ——2—2—3 SOUND SIGNAL ON R-F
SOUND TRANSMITTER |——— —
MIKE AUDIO
SIGNAL
ANTENNA ——2 7 > VIDEO SIGNAL ON R-F
D: CAMERA > ViDEO TRANSMITTER
- VIDEO
- (PICTURE}
SIGNAL

Fig. 1. Elementary diagram showing how the sound and pictures are handled as separate

signals in a television station

At the receiving end of a television broadcast, it is entircly possible to
pick up sound and picture with two scparate receiving systems, although
this practice would prove more costly and cumbersome than the familiar
single-recciver system. The serviceman, however, should not let the usc of a
smgle receiver cause him to lose sight of the fact that the recciver deals
with two scparate signals. The nontechnical viewer, of course, is not con-

7
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cerned with this detail; he is satisfied that he is dealing with a single
broadcast because he watches and hears the program as a single presenta-
tion.

Nature of Sound Signal. The audio portion of a television program is
broadcast by mcans of frequency modulation (f-m) in much the same
manncr as conventional f-m broadcasting is carricd on in the 88- to 108-
mc band. The principal differences are in bandwidth and frequency assign-
ment. Conventional f-m broadcasting employs a bandwidth of 75 ke
while the tclevision sound channel is limited to #2535 kc. The f-m broad-
cast station frequency assignments are made in the 88 to 108-mc band,
whereas cach individual television sound transmitter is assigned to a
specific frequency within its corresponding television channel. This will
be explained in a little more detail later.

Although f-m is used for the television sound signal, the matter of
scrvicing television sound circuits is much simpler than servicing con-
ventional f-m receivers. There are a number of practical reasons for this,
cnough to indicate that you don’t have to be an f-m cxpert to deal with
the sound circuits of television scts.

One reason is that the alignment of the f-m circuits in a tclevision sct
is much simpler to accomplish than in an f-m set. The narrower band-
width is partly responsible but, even more important, the standards of
performance for television sound are not nearly as exacting as arc those for
high quality f-m reccivers.

A television receiver, by way of illustration, is not called upon to pick
up very weak f-m signals (the weak picture becomes a problem before the
sound performance suffers scriously). Ordinarily, the f-m sound signal in a
television sct is strong cnough to compensate adequately for poor align-
ment, dcterioration of tubes, ctc.

Another important aspect is the psychological one; the average television
viewer normally cxpects little more of his television sound than to have
it reasonably clcar and intelligible. The television viewer who secks high-
fidelity sound performance is the exception. As a matter of fact, the great
majority of tclevision receivers employ “utility” sound circuits because the
popular table model leaves little effective space for a good speaker location
anywav.

In spitc of these things, the average television sound system is capable of
good f-m performance, and especially so with regard to its noise-climination
propertics. This is a particularly important advantage to the employment
of the f-m system for television sound. As vou will sce later, the picture



Getting Acquainted with Television 9

signal is amplitude-modulated and is located next to the sound signal in
the spectrum, and thus is in an especially delicate relationship to the sound
signal in terms of possible interference with it. As a matter of fact, the
picture (video) signal is deliberately permitted to “interfere” with the
sound signal in the intercarrier type of television receiver. This makes much
circuit simplification possible; complete climination of that interference
is casily done at the proper time. As you will see, the intercarrier type of
receiver with its many advantages would not be possible were it not for
the fact that fan is used for the television sound signal and a-m for the
picture signal.

Nature of the Video Signal. I'ic picture is transmitted by means of a
radio carrier which is amplitude-modulated, just as in the conventional
broadcasting carried on in the 500- to 1600-ke broadcast band. The signal,
however, is quite different from ordinary sound broadcast signals because
the nature of the intelligence which must be conveyed is radically dif-
ferent. ‘The difference would be quickly apparent were vou to tunc a
suitable short-wave recciver to listen in on a television signal. Two things
would be mmmediately observed.

The first observation would be that there is a distinctive sound to the
picture signal. You would hcar a mixture of growls, whining sounds,
whistles, and occasional rumbling. It is somcliow suggestive of a busy
machine shop with all of its cquipment running full blast. Above all this
jumble of sound you would hear a predominant 60-cvcle hum.

The sccond obscrvation would be that the signal is extremely broad—
it spreads out over a large portion of the tuning range. As a matter of fact,
the signal spreads out over a spectrum wide cnough to provide spacce for
over 200 a-m broadcast stations, or for more than 20 f-m stations!

In order to be able to do a great part of the television service work with
which you will be faced, it is nccessary that you understand the com-
position of this unusual signal. That understanding is best obtained by
pursuing a logical step-by-step approach to the related factors which enter
into the transmission and reception of picture signals. The paragraphs
which follow present such an approach and cover those basic facts which
will provide you with a foundation for botli monochrome and color tele-
viston serviee and for future study.

Cathode-ray Tube. The basis of any practical television system is the
device which will be used to display the picture. When the scanning disk
was the only available device to do this job, television standards were very
different. Not much was cxpected of the svstem because the scanning
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disk with its lamp and driving motor had its practical limitations. The de-
vclopment of the cathoderay tube opened the door to today’s high-
quality television; our modern standards were developed to take advantage
of the possibilitics which the tube offered.

Despite the flowery phrascs often used in lay circles to describe the mira-
cle of the cathode-ray tube, it is basically a simple device. It performs a very
simple function, but performs it well.

Fundamentally, a tclevision picture tube is composed of two basic
parts, a screen and an clectron gun as shown in Fig. 2ZA. The scrcen is

FLUORESCENT FoCUS MAGNET
PROSPHOR SCREEN
oS FOCUSSES BEAM BEAM MUST
TO A SHARP SPOT PRODUCE
\ SHARP PINPOINT

OF LIGHT

GLOWING LIGHT
(A) TWO BASIC PARTS

(B} ELECTRON BEAM REQUIREMENT

CONTROL GRID PROVIDES

CURRENT THROUGH

_SPOT CAN BE
CONTROL OVER BEAM YOKE BENDS BEAM MOVED 10 ANY
INTENSITY\ ) POSITION ON

SCREEN

AS GRID VOLTAGE IS
CHANGED, SPOT BRIGHTNESS — VERTICAL HORIZONTAL
CHANGE S ENERGY ENERGY

{C} CONTROL GRID ACTION (D) BENDING THE BEAM

Fig. 2. Step-by-step illustration which shows how a picture is formed by a cathode-ray tube

madc of a fluorescent phosphor material which glows visibly when struck
by clectrons; the electron gun is a device which projects a beam of electrons
toward that screen to make it glow.

Electron Beam Requirements. To be uscful in tclevision the clectron
bcam must meet these three important conditions:

1. It must be extremely small so that it forms only a sharp pin point of
light on the screen. The basic electron gun doces not, of itsclf, do this, but
rather, tends to form a fairly large blurred spot. Practical cathode-ray tubes
usc a focusing device cither within the tube or around the outside (a fo-
cus magnet) to bring the beam to a sharp point. This is illustrated in
Fig. 2B.
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2. The beam must be controllable in intensity. ‘T'hat is to sav, it must be
possible to control the flow of clectrons in the beam so that the brilliance
of the spot of light can be varied. Picture tubes include a control grid in the
gun which docs this job, as in Fig. 2C. Smooth control is possible, from
maximum brilliance down through the grays, until the spot disappears
completely (the black condition).

3. The beam must be capable of being bent in any and all directions
so that it can be made to strike the screen anywhere on its surface; and it
must be capable of such movement at extremely high speeds. The clectron
beam mcets these criteria perfectly. Being of very low mass, it can be bent
about at incredible speeds; speeds which, in fact, exceed the nceds of
television. This is ordinarily done by means of coils placed outside of the
tubc which act upon the bcam magnetically, and bend it about as in
Fig. 2D. The cathode-ray tubce is flared out like a funnel to provide free
spacc through which the beam can travel, no matter in which dircction it
is bent.

Perhaps the most significant fact about the cathoderay tube is that, at
any given instant of time, it forms only a single pin point of light. It can
no more produce a complete picture all at once than a typewriter can
stamp out a full page at one stroke of the keys.

Getting a Complete Picture. Actually, the operation of the cathode-ray
tube in a tclevision recciver is analogous to that of an automatic tvpe-
writer located at the receiving end of a teletype system. The typewriter
is capable of typing any combination and arrangement of characters, but
it docs so Ietter-by-letter according to the serics of individual letter signals
sent to it from the master typewriter. In addition to letter signals, the
master typewriter sends special signals which tell the carriage when to
rcturn to the start of a new line.

The modern television system is similar in that the cathoderav tube
is capable of producing any picture on its screen, but does this by “print-
ing” onc dot of light after another and by arranging the dots in a scrics of
horizontal lines on the screen. The general sequence is similar to that used
in typing; the television system is designed to form a picture in a serics of
horizontal lines which are traced from left to right and which are placed
once below the other until the full sereen is covered. The cathode-rav beam
is made to follow the line pattern as it progresses over the surface of the
screen, and, while this is going on, its control grid 1s continuously under
the control of the amplitude-modulated video signal. As a result, whitcs,
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grays, and blacks are made to appear in their correct physical positions;
together, they form a complete picture.

Deflection Coils. The decflection voke, as shown in Fig. 3, contains two
pairs of coils. Each pair is serics-connected so that it acts as a single coil.
One pair is called the horizontal deflection coil becausc it is capable of
bending the beam horizontally, along the “east-west” axis of the screen.

DEFLECTION cow parwz
YOKE COIL PAIR #1 gz, START
CONTAINS FINISH r
COMBINEO FIELD
o oie OF COILS OF COILS OF COILS (2ot patRs
MAGNETIC MAGNETIC OF COILS

FIELD#1 FIELD# 2

Fig. 3. Construction of a deflection yoke. The two pairs of coils are assembled as shown to
provide for two magnetic fields at right angles to each other

The other pair is called the vertical deflection coil because it is capable
of bending the beam vertically, along the “north-south” axis of the screen.
Together, these coils can move the beam anywhere on the screen when
suitable amounts of current are passed through each one.

The two deflection currents are fed to the voke in a special combination
of deflection speeds which causes the line pattern to be followed by the
beam. This is illustrated in Fig. 4.

-LINE PATTERN
TRACES OVER
ENTIRE PICTURE
AREA

HORIZONTAL AND VERTICAL
DEFLECTION CURRENT IS
FED TO EACH SET OF COILS

Fig. 4. The combination of slow vertical deflection energy and fast horizontal deflection energy
results in a regular line pattern which fills a rectangular area of the screen

The process of forming a television picture, as you can sce from the
above, is basically simple. Unfortunately, it is not possible to slow up the
action of a television set enough to see the process going on, but you can
imagine it in your own mind. It is good mental exercise to do so because
it helps immeasurably in giving vou the real feel of television and it will
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help vou to tic together the new things which you will learn as vou go
along.

Imagine, if vou will, the slow progressive typing of a picturc on a
cathode-ray tube; then make it go faster and faster in vour mind until the
motion of the beam is so fast that vou can no longer sce it; vou sce only
the full picture and it scems to be formed all at once. When yvou can do
this successfully, vou will have a clear, dvnamic idea of how tclevision
works; von will recognize that the picture tube doces a simple job, but that
it docs it too fast to Iet you sce what's happening.

B errr—rroe—— 0 o

Fig. 5. Phctograph of the essential parts of a deflection yoke. The cails have been pulled apart
to show haw they are made. (Allen B. Dy Mont phato)

Number of Picture Elements. From the above vou can sce that cach and
cvery clement of a picture must be transmitted individually in rapid
scquence. The matter of how many clements there are in cach line and
how many lines are uscd in a full picturc now becomes an important con-
sideration.

Obviously, if there arc only a few lines and few characters or clements
per ling, only a crude picture can be constructed. On the other hand, if
millions of clements and perhaps thousands of lincs arc uscd, a picture of
incredibly finc detail is possible. But remember this: cach clement must
be transmitted individually, onc after the other, and the morce there arce,
the harder it is to do the job.

I'mie, the cathode-ray tube is capable of operating at fantastic speeds,
but the various coils, tubes, and circuits which act together to control the
tube become more and more complicated and less and less efficient as



14 Profitable Television Troubleshooting

their operating speeds arc increased. Thus, a compromise was necessary
when television standards were originally established.

It was rccognized that the picture had to have cnough elements to be
a ligh-quality picturc, but that it should not have so many that the system
would become overly complex and incfficient. The commercial television
standards finally settled upon a picture content of roughly 260,000
clements.

Frame Speed. Notc that in the preceding paragraphs, consideration is
limited to a single picture, or frame, as it is called. The next factor can now
be taken up, and that is how many frames per sccond arc required to
create the illusion of continuous motion. In effect we have been dealing
with a single framc in a reel of motion-picture ilm and have settled upon
the quality (number of clements) of that individual frame. Now we must
detcrmine how fast the frames arc to be displayed.

Ilere again, speed is an important consideration because as it increases,
the system becomes more complicated and less efficient. Thus, there is an
advantage in keeping the speed as low as possible.

Flicker Problem. Therc are two factors which cause difficulties when the
framce speed is decreased. They are (1) the appearance of flicker, and (2)
loss of smooth continuity of motion, which permits stuttering or jerkiness
to be observed in moving objects. These cffects were studied by motion-
picturc cnginecrs long before the advent of television, and a very valuable
discovery was made. The discovery is just as valuable to television as it was
to motion pictures.

It was discovercd that the illusion of smooth motion is obtained at
frame spceds much lower than those required to climinate flicker. To
illustrate: At 24 frames per sccond, motion appears smooth, but there is
very bad flicker. The frame speed has to be roughly doubled before the
flicker disappcars.

This discovery is valuable to the motion-picture industry because it
made possible the cffective doubling of film footage. Since only 24 frames
per sccond are needed to create the illusion of smooth motion, only 24
scenes per sccond are photographed and printed. Then, to satisfy the
need for 48 frames per sccond to climinate flicker, cach individual frame is
displaved twice in the theatre.

The television system uses the same general principle to cffect a similar
saving. As vou shall sce later, the saving is in bandwidth and it is also a
2-to-1 saving. ITere’s how the idea is applied in television:
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Flicker Speed. A flicker speed of 60 per second was sclected as the most
convenient value because of its numerical relationship to 60-cyele power-
line frequencies. Using exactly 60 greatly rednces hum problems which
might have been serious had the speed of 48 been used, or any other
between 48 and 60. Without the motion-picture experience to fall back
on, it might have been assumed that 60 completely different pictures would
have to be transmitted cach second.

A quick calculation reveals that if cach picture has 260,000 clements and
60 arc required cach scecond, then 15,600,000 clements must be transmitted
cach sccond. That figurc is high cnough to call for carcful study in terms
of possible cconomy. To be transmitted by an a-m transmitter, it would
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{ABOUT 250 LINES) (ABOUT 250 MOPE LINES)
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Fig. 6. (Left) A single cycle of alternating voltage permits two elements to be formed on a tele-
vision picture. Thus there may be twice as many elements as there are a-c cycles

Fig. 7. Sketch showing how the odd (A) and even (B, solid lines) fields interlace in a full frame

require a bandwidth of at lcast 7,800,000 cycles per sccond or 7.8 me. The
bandwidth figure is half the number of clements because each cycle has
a positive and a ncgative swing, consequently, it can scrve to supply two
picture clements in cach cvcle as shown in Fig. 6.

Interlacing. To reduce the rate at which picture clements must be
transmitted without sacrificing the advantages of 60 presentations per
sccond, the principle of interlace was developed. In effect, it docs what a
motion-picturc projector doces when it repeats cach  picture  twice—it
creates a great saving through the simple expedient of fooling the cve.

‘The principle of interlace in television is incorporated through the
display of only alternate lines of a picture in the first full sereen presenta-
tion, aftcr which those which were omitted in the first are displayed in
the next presentation. Thus, two presentations are needed to display all
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lincs. Each presentation is called a field and two ficlds arc required to
form a frame, as the full picture is called.

Lines per Picture. Thc full tclevision picture is composcd of roughly
500 lincs. If we could trace the action from the start (in the upper left-hand
corner of the sereen) we would find that only 250 lines are formed by the
cathode-ray beam on its first coverage of the screen surface and that a
space is left between adjacent lines, as in Fig. 7A. 1f we call these the odd-
numbered lines, we can then say that the odd field has just been completed.

Immediately upon completion of the odd ficld, the cathode-ray beam
returns to the upper left-hand comer and starts tracing its sccond field,
this time placing the lines of picturc information between thosc of the odd
ficld, as in I'ig. 7B. These, then, arc the even-numbered lines. When the
sccond ficld is completed, all 500 lines of picture information have been
displaved and a single frame has been completed. Thus, there appear to be
500 lines in the scene.

Field and Frame Speeds. The field spced is 60 per second, which is
much too fast for the cye to discern—the cye sces steady illumination
which is frec of flicker. ‘The frame specd is only 30 per sccond because two
ficlds arc needed to fill in a full frame, but the cye sees smooth continuity
of motion. The net result is that only 30 pictures of 260,000 clements cach
must be transmitted cach second. This calls for 7,800,000 clements per
sccond instcad of 15,600,000 and requires a bandwidth of only about
3,600,000 cveles per second or 3.6 me. This is an appreciable improvement
and is accomplished without sacrifice of picture quality.

Scanning. 'The line-by-line construction of the picture is a scanning
process. The scanning is done in the same general sequence through which
a typewriter covers a printed page. ‘The typewriter prints characters in a
straight horizontal linc from left to right, at some practical ratc. At the
end of cach line, the carriage is quickly returned to the start of the new
line, below the first, and so on, until the bottom of the shicet is reached.

In order to simulate the cffect of interlace, the typewritten shect is
returned to the starting position, but this time the sheet is slightly offsct
so that the characters are typed in the space between the first and sccond
lines. If we continue to type, even without consciously trving to inter-
space the lines, cach new line will appear between the originals and the
sheet will be solidly covered with characters when the bottom of the page
is reached.

During this action, movement in two directions takes place: one is
along cach linc from lcft to right and at a comparatively fast rate; the
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other is from top to bottom of the sheet at a relatively slow rate. To
illustrate the point, if the typewriter forms say, 50 lines in cach individual
pass at the page, the left-to-right speed is 50 times as great as the top-to-
bottom spced. IFull coverage of the shect of paper is, therefore, obtained
by combining two rectangular movements, onc horizontal and the other
vertical, and these are fundamentally rhythmic in naturc. Furthermor,
the very nature of the process is such that onc of thc movements (the
horizontal) is much faster than the other (the vertical).

Television Sweep Speeds. 'I'his relationship holds truc in tclevision.
‘The movement of the beam is called scanning, or sweeping, and likewisc
is donc in two dircctions which are at right angles to cach other. The
horizontal sweep speed is much faster than the vertical sweep speed.

It is important to know what numerical speeds are actually used in
television and how they were chosen.

‘The vertical sweep speed has already been entioned. Fach vertical
sweep accounts for a single ficld and there are 60 such ficlds per sccond.
Thus, the vertical sweep speed is 60 cps.

Although the horizontal sweep speed was not mentioned, cnough facts
were given to permit vou to make a rough guess as to what it might be. It
was stated that there are about 250 lines per ficld and that 60 fields arc
formed per sccond. Using these figures, the horizontal speed would be
250 times 60, or 15,000 sweeps per sccond.

This figurc is not accurate, because it is based on a convenient ap-
proximation for the number of lines, although it docs illustrate the
general prineiple. You ought to know the exact speed, however, and should
have a little better idea as to how it was originally sclected as a standard.
The object, after all, is to display 260,000 picture clements most cffectively,
whether that requires 100 or 1,000 lincs.

Exact Sweep Speeds. Ilcrc is a rough idca of how the proper number
of lincs per picture, and conscquently the horizontal sweep speed, was
cstablished:

Assumc that the picture which had alrcady been established as having
about 260,000 clements has those clemients distributed uniformly over a
squarc arca. The clements can be visualized as being individual characters,
sct row upon row in checkerboard fashion. If this is done and they arc then
counted along the edges, there will be found to be about 525 rows cach
way. (That will give exactly 262,500 clements.) Since the lines are con-
sidered to be those rows which lie in the horizontal direction, there are
525 lines in the picture. Because the picture is interlaced, the full com-
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plement of lines calls for two scans, so that 525 lines are produced 30 times
per sccond. Thus, there must be 30 times 525 lines scanned cach second.
"This comes out to be 15,750 lines per second, which is the exact horizontal
scanning speed used in television.

The mathematics involved is not quite as simple as shown here be-
cause the television picture is rectangular rather than square, but the
basic idca is adequately illustrated in the example.

How Interlace Is Obtained. A few additional simple calculations will
shed light upon the way in which line interlace takes place. Two ficlds are
required to display the full quota of 525 lines. It follows then that cach
ficld contains 262 and one-hdlf lines. It is because of this fractional re-
lationship that interlace takes place—automatically. Two full ficlds are re-
quired to come out with an even number of lines; therefore, each sccond

DEFLECTION TWO INTERLACED FIELDS,
YOKE EACH WITH 26242

LINES, APPEAR AS 525
EVENLY SPACED LINES

\

60-CPS 15.750-CPS

VERTICAL HORIZONTAL
SWEEP SWEEP
VOLTAGE VOLTAGE

Fig. 8. Sketch showing the numerical relationship between horizontal and vertical scanning
speeds which result in a properly interlaced raster

field will be identical. The ones in between will be offset by one-half line
and will automatically cause the horizontal lines to interlace with cach
other.

If this fails to make itself clear, vou can try a simple experiment that
will illustrate the point perfectly. Place any odd number of empty cups
in a circle and then, starting with any one, drop a coin into every second
cup. Continuc this around the circle a few times. You will find that after
the first circuit, the coins will be dropping into empty cups between cups
which alrcady have coins. After the sccond circuit, you will be dropping
coins right on top of the first oncs.

The experiment illustrates why no trick circuits or adjustments are
needed to bring about interlace. It is the natural result of mixing two
perfectly regular scanning speeds such that the higher (the horizontal )
can be expressed as being so many plus one-half times the lower (vertical)
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speed. The horizontal speed is 262% times the vertical speed, as indicated
in Fig. 8.

Synchronization Problem. Thus far, these facts have been cestablished
or implied with respect to the signal which carries the picture informa-
tion: The signal is composed of a continuous strcam of amplitude-
modulated intclligence which conveys clement-by-clement information
about the picture. The clements may occur at speeds of up to seven to
cight million per sccond. They are broken up into 15,750 lines of mfornia-
tion cach sccond and arc arranged in ficlds of 262%; lines cach.

The receiver must be able to decode the continuous stream of informa-
tion in order to be able to place cach line of information in its corrcct
place on the screen of the cathode-ray tube. In order to do that, it must be
able to sensc at exactly what point cach line starts, as well as to sensc
where those lines are to appear on the picture. It must then be able to
apply that sensibility to circuits which can control the motion of the
cathode-ray scauning beam so that it may reconstruct the picture on the
screen; otherwise the picture information will appear as a mecaningless
mixed-up jumble of black, gray, and white specks.

Synchronizing Pulses. 'I'hc process of placing cach line where it be-
longs is called synchronization. The process requires that the transmitter
include, along with the picture-clement information, additional infornia-
tion to mark the point at which cach line of picture clements begins, and
the point at which cach ficld (of lines) begins. These data are transmitted
in the form of pulses (in amplitude), one type to serve as the line-marking
pulse (called the horizontal synchronizing pulse) and another type to
serve as the ficld-marking pulse (called the vertical synchronizing pulse).

Picture Signal. Bear in mind that these pulses are mixed in with the
continuous strecam of information picked up by the television receiver;
but they are expected to perform a distinetly different job than is per-
formed by the picture signal. The latter is intended to control the moment-
to-moment brightness of the cathode-ray beam, while the synchronizing
pulscs are intended to control the motion of the beam; vet both the picture
signal and the synchronizing pulses are essentially of the same character
—they are both transmitted as amplitnde excursions of the radio carrier.

Pulse-separating Problem. 1o opcrate successfully, the television re-
cciver must be able to separate the syne (svnchronizing) pulses from the
picturc signal so that these pulses may be used separately to do the syn-
chronizing job which they are intended to perform. As a matter of fact,
the receiver must be able to go one step further, and that is also to scpa-
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rate the horizontal from the vertical sync pulscs, so that each may perform
its particular function, onc to control the horizontal spot motion, and the
other, the vertical.

"These criteria are met by assigning specific limits to the amplitude levels
of both the picture signal and the synchronizing signal, as shown in Fig. 9.
It is important to obscrve that as the carrier power goes up, the cathode-
rav spot grows blacker; as it goes down, the spot grows whiter.

The transmitter is so adjusted that the whitest white causes the carrier
power to drop down to the 25 per cent level. At no time docs the signal
drop Dbelow this level. The blackest black is adjusted to drive the carrier
up to the 75 per cent level. Nothing in the picture can make it go higher.
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Fig. 9. A video waveform. The drawing shows a little more than one horizontal line. The pulses
are horizontal pulses and contain one line of picture information between them

Horizontal Blanking Pulse. At the end of cach linc of picture informa-
tion, the vidco signal is driven to the black level by the transmitter and
held there for a short period of time. The black-devel signal which docs
this is called the horizontal blanking pulse, and is shown in Fig. 10A.
Its purposc is to cxtinguish the cathode-ray spot at the end of cach linc
and to keep it extinguished while the beam retraces rapidly across the
screen to start the next line. In the typewriter analogy, this is cquivalent
to the deliberate blocking of the kevs while the carriage is rcturned to
the left-hand margin of the page.

Horizontal Sychronizing Pulse. It is during the blanking pulsc that the
sync pulse is transmitted. It riscs from the 75 per cent black level to the
100 per cent level, which region is called blacker-than-black (sce Fig. 10B).
Note that this pulse cannot be scen on the cathode-ray screen becausce it
is an inpulsc which occurs in total darkness.

Pulse Clipper. Because the syne pulses are in the blacker-than-black
region, that is, between the 75 and 100 per cent amplitude levels, they
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stand out above the rest of the signal, in the clear. No forces at the trans-
mitter exeept sync pulses cause the amplitude to risc above 75 per cent.
It is this verv characteristic of the video signal which permits the tele-
vision receiver to separate the syne signal from the picture signal.

Scparation is done by means of a clipper which is biascd-off heavily
cnough to permit nothing but about the uppermost 10 or 15 per cent of
the signal to get through to the synchronizing circuits. The clipper, in
other words, strips off the sync pulses cleanly from the vidco and uses
them to synchironize the scanning action of the cathode-ray tube with the
scanning action of the camera at the transmitter.

BLANKING BLACKER 100% SYNC PULSE

PULSE THAN BLACK
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Fig. 10. The construction and positioning of the horizontal sync and blanking pulses which,
together, appear as a composite pulse

Vertical Synchronizing Pulses. Thus far, specific reference has been
made only to the horizontal pulscs. Vertical synchronizing pulses are also
transmitted, and in cssentially the same manner. They occur at the end
of cach field so that there are 262% horizontal sync pulses for cach vertical
pulse. The vertical pulse also occurs in the blacker-than-black region, but
it is distinguished from the horizontal pulsc by its duration. The hori-
zontal pulses are about 6 microscconds long while the vertical pulses are
about 500 microseconds long.

The great difference in character permits the separation of horizontals
from verticals, both of which appear in the output of the sync clipper. The
horizonal pulscs are fed to the horizontal sweep circuit and serve to syn-
chronize the horizontal scanming of the cathode-ray beam. The vertical
pulses are fed to the vertical sweep circuit and serve to synchronize the
vertical scanning of the cathode-ray beam.

Vertical Blanking Pulse. It should be pointed out that a vertical blanking
pulse is employed and scrves the same purpose during vertical retrace that
the horizontal blanking pulse serves during horizontal retrace. It is pro-
portionatcly longer to take carc of the inherently longer retrace time of the
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vertical scanning system. The vertical blanking pulse is appreciably longer
than the vertical synchronizing pulse and it is formed in the same gencral
way, as shown in Fig. 10.

Scanning Action. The synchronizing pulses which are contained in the
video signal scrve only to synchronize their respective (horizontal and
vertical) scanning circuits in the television recciver. Both circuits gencrate
their own oscillations and feed them to their respective sets of deflection
coils at the neck of the cathode-ray tube where they do the work of
scanning the beam both horizontally and vertically.

‘The scanning circuits perform this function just so long as the tele-
vision recciver is on, whether or not a television signal is being received.
The difference is that when no signal is received, the two scanning oscil-
lators run free of control. The vertical, for example, may be 58 or 59 in-
stcad of 60; the horizontal may be 16,000 instcad of 15,750. When a
television signal is tuned in, however, the syne signals are applied to the
scanning circuits in such a way as to bring them into perfect step with the
signal and the scanning speeds become exactly right.

What Synchronization Does. The object of synchronizing is not to
make the scanning speeds exactly 60 and 15,750 per sccond but rather to
make the scanning circuits duplicate the scanning action which is taking
placc in the transmitting camera. The numerical values arc only average.
At any given moment, the horizontal speed at the transmitter may really
be 15,720 cps, for example, and the vertical 59.6. The synchronizing pulscs,
however, convey the exact action which is taking place at the camecra
in so far as scanning is concerned and cause the television receiver to
duplicate the action perfectly.

Speed or Hold Adjusters. The synchronizing pulses are cffective only
when the television receiver is so adjusted that the two scanning circuits
normally tend to run at approximately the correct speeds. When that is
truc, the pulses serve simply to alter the free-running speeds just enough
to make them exactly right. That is why television receivers include some
form of speed adjustment, one for the horizontal scanning circuit and the
other for the vertical. They are usually identified as spEEp or norp ad-
justers.

‘T'he basic function which these adjusters perform is to permit variation
of the natural speeds of their respective scanning circuits so that cach
wants to run at a speed which is very ncarly correct. Then ecach circuit
nceds very little encouragement to shift into absolute synchronism.
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Size Adjusters. There arc two other kinds of adjusters assoctated with
the scanning circuits. They are size and linearity. The sizc adjusters as-
soctated with horizontal scanning may be called wiprn, SWEEP wipT, or
uor1ZONTAL sizk adjusters. Those associated with vertical scanning mayv be
called neacur or vErTICAL sizk adjusters. The Iincarity adjusters arc usually
called HORIZONTAL LINEARITY antd VERTICAL LINEARITY adjusters.

The purpose of the size adjusters is sclf-cvident. Fach permits the pic-
ture dimension to be adjusted to fit the screen properly, one from top to
bottom, and the other from side to side. What they really do is control
the amount of scanning cnergy applied to the cathode-ray tube. As the
energy is increased, so s the size of the picture, and vice versa.

Linearity Adjusters. 'I'hc purposc of the lincarity adjusters is not as
readily cvident, although they are mmportant. Their purpose is to make

LINEAR SWEEP EXAMPLES OF NONLINEAR SWEEPS

RETRACE
o @

Fig. 11. Graphical representation of good sweep (linear) and examples of nonlinear sweeps.
Nonlinear sweep causes the picture to be distorted by compressing or expanding portions of
the scene

possible the adjustment of the “smoothness” of the scanning action. Only
when the action is “smooth™ will the shapes of objects be properly pre-
sented on the screen.

‘T'he term smoothness is used here to convey the idea of constant velocity
of the scanning action. It is not cnough to have each horizontal linc start
at the right instant and at the right physical location. The cathode-ray
beam, m forming this line, must travel across the scrcen at a uniform rate
of speed. The same is truc of the vertical scanning; it, too, must move the
beam downward at a uniform speed so that the horizontal lines will be
spread out cvenly all the way down the screen. Figure 11 shows what lincar
sweep looks like graphically.

Lincarity adjusters arc provided because practical scanning circuits, by
nature, tend to be nonlincar, thus tend to develop nonuniform scanning
action; adjustable compensation is needed to correct this. Iigure 11 also
shows examples of nonlincar scanning. No doubt vou have scen the cffect
of poor lincarity in a receiver. It is most quickly recognized in the vertical
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circuit. It causes performers to appcar to have stubbv legs, or stretched
legs, or flattened heads, or compressed torsos. Poor horizontal lincarity
causcs objects to appear wider or narrower than they should at certain
places on the screen.

Lincarity is most casily adjusted by using a test pattern as a guide. The
mcthod is described in a later chapter.

Bandwidth. Up to this point little has been said about the radio signal
which carrics the video signal except that it is an amplitude-modulated
carricr. ‘That r-f signal, however, differs from the more familiar amplitude-
modulated radio broadcast signal in scveral inmportant aspects. Unless you
undcrstand what these arc, you may have a great deal of difficulty in tun-
ing receivers properly or even in beginning to understand the why and
wherefore of alignment.
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Fig. 12. Sidebands of an a-m broadcast signal

It was cxplained earlicr that the video signal may include components as
high as 3.8 mc, or 4+ mc in round numbers. Compare this with the 7.5
kilocycles uscd in a-m broadcasting to get an ideca of how much greater
that is.

A-M Radio Uses Double-sideband Transmission. In a-m broadcasting,
the carrier is modulated by the audio signal which has components as high
as 7.5 ke, and the resultant modulated signal spreads out as far as 7.5 ke
eaclt way, as shown in Fig. 12. The total bandwidth is 15 ke. You can
tell, in a rough way, that this is true when yvou tune through an a-m signal.
It fadcs off in exactly the same wayv on cach side of perfect tuning. 'This
characteristic is called “double-sideband” transmission and it is almost
universally used for audio transmission.

Double-sideband  transmission, however, is wasteful of bandwidth be-
causc it employs twice the bandwidth represented by the modulating sig-
nal. Fach sidcband conveys the same intelligence; the two are simply
“mirror images™ of each other, onc for cach side of the carrier frequency.
Doublesideband  transmission, on the other hand, offers the important
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advantage of being extremely casy to tunc—almost cveryone can tunc a
broadcast recciver properly. It also simplifics both transmitter and recerver
design.

Bandwidth Problem in Television. When it comes to television, these
advantages arc not worth ncarly as much when the extremely wide side-
bands are taken into account. With double-sideband transmission, the
4-mc video signal would result in an r-f signal 8 mc wide. 'This would re-
duce materially the number of television channels available for use and
would also scriously impair the efficiency of r-f and i-f amplifier circuits.

The above comments might lead to the hasty conclusion that it would
be best to climinate onc of the sidebands and employ the single-sideband
system, which is used to a limited degree for some forms of voice com-
munication. The objection to this, however, is that single-sidcband re-
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Fig. 13. Sidebond distribution of a television video signol

ceivers are complex and usually are extremely difficult to tune. It takes an
expert to tunc in a singlesideband signal properly and the equipment is
critical of adjustment.

Television Uses the Sesqui-sideband Method. A compromisc mcthod,
called sesqui-sideband, or vestigial-sideband, is much more satisfactory since
it makes possible matcrial saving in bandwidth without making the re-
cciving equipment unduly critical and difficult to adjust. This mcthod is
uscd I television.

The sesqui-sideband method of a-m transmission climinates the greatest
part of onc of the sidebands while retaining the other fully. The saving in
bandwidth which this makes possible is shown in Fig. 13. Note that it 1s
almost cut in half from the 8-mc figure which double-sidcband transmission
would have required.

These facts have been stressed here because they bear direetly upon the
matter of tclevision-receiver alignment. You may have alrcady noticed that
the television alignment instructions given by manufacturers call for lo-
cating the carrier “off-center,” unlike those given for a-m radio, where
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perfect carrier centering is the rule. You can sce from Fig. 13 that the
sesqui-sideband method of transmission is an off-center svstem; conse-
quently, the alignment of receivers must be correspondingly done in order
to get proper results.

How to Tune a Television Set. For similar rcasons, the tuning of a tcle-
vision receiver is different from a-m tuning. In the latter, correct tuning is
indicated by the strongest signal. In television, this is not true. If the
picture is tuned in where it is strongest, it appears badly smeared and
blurry. Correct tuning is done down the slope, or what appears to be off
the side of the signal. The signal gets a little weaker (although you mav
not notice it if the signal is strong and good automatic-gain-control action
takes place) but it becomes very much better in quality.

Only onc of the two sides produce these results. When vou tunc down
the wrong side, the signal simply goces to picces. The reason, of course,

|
1.25 Mc—>| < V/DE0 —>1 fe>i SOUND
4.5 MC—|
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A PiX CENTER
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SAFETY MARGIN-»

_TOTAL
CHANNEL , 6MC

Fig. 14. Chonnel dimensions of o television signol with sound

is that the receiver must be tuned to pick up that sideband which is trans-
mitted and not the one which has been suppressed at the transmitter.

Standard Television Channel. A tclevision channel includes space for
both the amplitude-modulated picture signal described above and for the
frequency-modulated sound signal described carlier. 'The two signals are
transmitted side by side. Such a channel is shown in Fig. 14.

The illustration is intended to show only dimensions and the relation-
ship of the picture signal to the sound signal; consequently, specific signal
frequencices are not included.

Note that the total channel is 6 me wide. It provides for the picture and
sound signals together with safety margins around the sound. ‘The exact
figures shown here need not be remembered. A genceral impression of the
channel structure is cnough to retain, with onc exception: the sound
carricr and picture carricr are exactly 4.5 me apart. ‘That is to say that if
the picture carrier is at 100 mc, for example, the accompanying sound will
be at 104.5 mc. ('I'he sound is always on the higher frequency side.) 'This
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scparation is important to remember because it forms a basis for the popu-
lar intercarrier tvpe of television receiver which is described later in this
book.

The exact frequencies assigned to the vhf channels are shown in the
upper part of Fig. 15. [lach of the channcls conforms with the dimen-
sions given in Fig. 14. Channel 2, for example, is 6 mc wide (54-60 mc).
The picture, or video, carrier (55.25 mc) is cxactly 4.5 mc below the
sound carricr (59.75 mc). The same is true in cach of the other channcls.
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Fig. 15. Channel assignments of vhf stations and an example of frequency conversion to the i-f
frequency. The local oscillator frequencies shown below the channel diagrams are the proper
frequencies to convert the signals to the i-f frequencies on the lower portion of the diagram

You may notice that in the lower group of channcls (2 through 6) the
frequencies arc not consecutive in that there is a gap from 72 to 76 mc
not assigned to tclevision. In the higher group (7 through 13) the fre-
quencics run in consccutive order from 174 through 216 me. The channcels
in the uhf group (channels 14 through 83) arc similarly assigned in con-
sccutive order from 470 through 890 mc. Channel 14 is assigned 470-476;
channel 15, 476-482; and so on through channel 83, which is assigned
884-890 mc.

Television Receivers Are Superheterodynes. [t wus suggested carlier that
because of the special characteristics of sesqui-sideband  transniission, a
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special type of receiver alignment is needed to provide satisfactory results.
Each tclevision channcl has cxactlv the same alignment requircment in
terms of the dimensions shown in IYig. 14 although the channcls fall at
different t-f frequencics.

The only practical method of mecting these requircments is to usc
the superheterodyne circuit for television receivers. With this type of
circuit it is possible to have an i-f amplifier which is accurately aligned to
meet the standard television channcl requirements as to bandwidth and
shape, and then to convert cach channel to that i-f frequency when it is
to be received. Thus, cach channel is provided with a carcfully prede-
termined response characteristic. The r-f amplifiers emploved before con-
version are tuned rather broadly so that they play little part in shaping
the sclectivity of the receiver; their function is primarily amplification.

Frequency Conversion. Figurc 15 illustrates the manner in which con-
version occurs. This is no different from the operation of a conventional
superheterodyne except that in the latter, only a single signal frequency
is normally thought of, whereas with television, scveral different fre-
quencies must be taken into account at the same time. Morcover, in
broadcast supcrhcterodynes, the signal with its sidebands is symmetrical
so that there is no occasion to take into mental account which sideband
comes out where, after conversion.

The point is that, in conventional broadcast superheterodynes, several
frequency conversions may be taking place at the same time, but they arc
rarcly taken into separate account when basic circuit operation is studied.
Tclevision superhcterodynes work exactly the same way except that it is
nccessary to take cach of the significant frequency conversions into ac-
count to scc what rcallv happens.

‘The basic principle of the superheterodyne is to beat a local-oscillator
signal against an incoming signal so that two beats are produced, onc be-
ing the sum of the two and the other, the difference. Then, an i-f amplifier
1s tuncd to cither onc of the beats, which it amplifies at this new and
morc convenient frequency.

Oscillator Runs High. In television, the low beat is almost invariably
cmployed (the oscillator is higher than the signal frequency). In the
cxample shown in I1ig. 15, the i-f frequency range is 21.65 to 27.65 me.
In order to have the channel + signal fit cxactly into this “slot,” the local-
oscillator frequency is sct at 93.65 me. Then the 66-mc low limit of the
channcl subtracted from 93.65 produces the 27.65-mc high limit of the
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i-f channcl. Similarly, the 72-mc high limit of the channcl, subtracted
from the same 93.65-mc oscillator signal, produces the 21.65-mc low limit
of the i-f “channcl.” By the same method, the sound carrier of 71.75 me
becomes the 21.9-me i-f sound carrier and the 67.25-mc video carrier be-
comes the 26.4-mc i-f video carrier. ‘The fact that the if is reversed in
frequency (the sound carrier is now on the low side of the video) is of
no particular importance cxcept that this cffect is anticipated in the
design of the receiver and the i-f is aligned accordingly.

The arithmetic involved in the conversion of channel 4 to the i-f pass-
band is shown in Fig. 15. Similar cvents take place in all other channels,
so long as the correct local-oscillator frequency is used. Correct oscillator
frequencies are shown for all vhf channels below the channel representa-
tions, to correspond with the particular i-f characteristic used in the illustra-
tion.

In practical television receivers, the local-oscillator frequency is tunable
over a range by mecans of the TuNinG control so that the user is required
to sct it properly.

Tuning Older Split-carrier Receivers. In the carlier split-carrier type of
receiver the control is tuned by listening to the sound. When the sound
is hecard properly, the oscillator adjustment is known to be correct and
the video i-f frequencics are, thercfore, also assumed to be correct. In
this type of receiver the sound i-f circuit is permanently tuned to 21.9 me
(if the receiver uscs the particular i-f characteristics shown in Fig. 15) so
that when the sound is heard properly the sound i-f signal must obviously
be at 21.9 me. Then, all other i-f frequencies correspond with those shown
in Fig. 15.

Tuning Modern Intercarrier Receivers. In the more popular intercarricr
type of recciver, the sound is always correct (for reasons to be explained
in the next chapter) so that the tuning control is tuned by watching
the picturc instead of by listening to the sound. The sctting which provides
the most pleasing picture is the once which is then used. This provides
morc latitude than the type of reeciver described above because the owner
docs not have to take what he gets in terms of picture tuning. ITe can
mistunc the receiver one way or the other to compensate for some de-
ficiency in antenna, alignment, or signal, although he is not ordinarily
awarc that he is doing this. Ile simply tuncs for what, in his cstimation,
is the best-looking picture.

Becausc of these factors, the alignment of split-carrier receivers is much
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fussicr than that of intercarrier reccivers, as you will sce when you reach
the point of doing i-f alignment work.

Summary. The preceding paragraphs covered some of the basic things
vou ought to know before vou start thinking in terms of a complete, operat-
ing television recciver. The highlights are summarized as follows:

1. The tclevision receiver must pick up two scparate signals—an f-m
sound signal and an a-m picture signal.

2. 'The picture is formed on the screen of a cathode-ray tube.

3. The cathode-ray tube includes an clectron gun and a fluorescent
screen which glows when the clectron beam from the gun strikes it.

4. Some sort of focusing device is used with the cathoderay tube to
focus the beamn to a sharp point.

5. A control clement in the gun permits the intensity of the cathode-
rav beam to be controlled from brightest white, through the grays, to
black (bcam cutoff).

6. A deflection system is used to move the beam about so that it can
cover the full uscful surface of the screen.

7. The deflection system is composed of a horizontal sweep and a
vertical sweep section, which together move the beam in a regular rhythmic
motion so as to cover the total picture arca, line by line.

8. The horizontal sweep speed is nominally 15,750 per sccond while
the vertical is nominally 60 per sccond. The mathematical relationship
between the two results in interlacing.

9. The video signal, being amplitude-modulated, varies in amplitude
and thereby conveys information relative to the picture. The variation is
from 25 per cent carrier power for white to 75 per cent for black. 1t is used
to control the intensity of the cathode-ray beam.

10. ‘The video signal includes sync pulses for synchronizing both the
horizontal and vertical sweep circuits. These pulses risc to 100 per cent
carricr power (blacker-than-black) and are not visible on the screen.

11. The sync pulscs are extracted from the video signal by means of
a clipper which clips the pulses cleanly off the video signal.

12. A scparator is used to scparate the horizontal from the vertical
pulscs so that cach may be used separately in its respective circuit.

13. The video signal is transmitted next to the sound signal so that
botli may be picked up simultancously.

14. The video signal is less than 6 me wide and is transmitted by
the sesqui-sideband system in order to conserve bandwidth. The receiver



Getting Acquainted with Television 31

is aligned with a similar characteristic in order to respond to the signal
properly.
15. Tclevision receivers are superheterodyncs.
QUESTIONS
1. What kind of modulation is used for the television sound signal? The
video signal?
2. What arc the basic parts of a cathode-ray tube? What componcents arc
used around the neck to make it work?
3. What doces a deflection yoke contain and how docs it work?
4. What is meant by field and frame speeds and what arc these speeds?
5. Make a sketch showing the principle of interlaced scanning. Approximately
what is the total number of Imes in the picture?
6. What arc the scanning speeds?
7. Make a rough sketch of a video waveform including a horizontal blanking
pulsc and a svnc pulse. Label the parts.
8. What is the significance of the 25 per cent and 75 per cent levels of the
video signal? What takes place between 75 per cent and 100 per cent?
9. What is the purposc of the clipper? Of the separator?
10. What is the diffcrence between horizontal and vertical syne pulses? What
is their purpose?
11. What is mcant by lincarity of sweep? Express the answer graphically and
in terms of picturc appearance.
12. What arc the principal differences between the signals of an a-m broad-
cast station signal and a television picture signal?
13. Why is it incorrect to tunc a television sct simply for the strongest picture?
14. If vour customer has owned a split-carrier sct and has just bought a new

intercarrier sct, what wonld vou tell him about the difference in tuning?
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Learning Step by Step. The preceding chapter explains some of the
important basic concepts regarding television. The concepts were dis-
cussed pretty much as individual factors which play a part in tclevision
as we know it todayv. No scrious attempt was made to rclate them to cach
other in terms of a complete television receiver. Instead, they were treated
as a collection of ground rules which are better covered in advance, before
a play-by-play description of a tclevision sct is taken up.

In this chapter, those ground rules will be put together and a functional
block diagram of a tclevision set will be built up. This will be done in a
step-by-step fashion, starting with the familiar a-m broadcast recciver as
a base. Kach step will add a new function until the complete block
diagram of a practical tclevision sct is obtained.

The coverage is called functional because little emphasis will be placed
on circuitry, and no circuit diagrams will be used. The object is to show
what the circuits do, not how specific circuits accomplish these tasks. Onee
vou have a clear functiondl picturc of a tclevision sct in mind, vou arc
rcady to think about circuits in greater depth; but before you do that,
much of this functional knowledge can be put to practical work.

A-M Broadcast Receiver. 1he block diagram of an a-m broadcast re-
ceiver is shown in Iig. 1. It will be recognized as a conventional super-
heterodyne with an r-f stage.

The r-f amplifier, the mixer, and the local oscillator are tuned simul-
tancously with a ganged tuning condenscr, represented by 1D. The out-
put of the mixer is at 175 ke, 456 ke, 465 ke, or whatever if frequency
is used in the particular receiver. The tuning mechanism covers the broad-
cast band from 550 to 1600 kc.

32
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Radio Tuner. A dashed box is shown around the r-f amplifier, converter,
and oscillator in order to trcat this group of circuits as a siugle item,
identified as the tuner. This is done principally to cmploy terms which
arc common to television language. The important point to keep in mind
is that the tuncr performs onc basic job: It takes any onc of the many
signals which come down from the antenma and converts it to a given
i-f frequency. The signal can then be amplificd at this i-f frequency, de-
tected, amplificd further, and finally heard through the speaker. The de-
sired station is selected by the tuning control. The output of the tuner
is fed to the i-f amplificr.
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Fig. 1. Block diagram of an a-m broadcast receiver

I-F Amplifier. The i-f amplifier in box 2 of Fig. 1 may consist of one,
two, or threc stages of amplification, each with its own i-f coil or trans-
former. The function of the i-f amplifier is twofold; it provides the amplifi-
cation needed to bring the signal up to a higher power level, and it pro-
vides the desired selectivity characteristic.

Selectivity. Some reccivers cmploy very sharply tuned if stages to
provide knife-like sclectivity so that they can tune in stations very close
to cach other without getting interference. When this is done, fidelity is
sacrificed because the very narrow if bandwidth cuts out the higher side-
bands which contain the high-frequency audio components, and they arc
not hecard. The gain, however, is very high when sharply tuned circuits
are uscd.

Fidelity. Other receivers cmploy broad if tuning in order to permit
higher fidelity; the broader tuning permits the higher sidebands to get
through. This is done, of course, at a sacrifice in selectivity, and the re-
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ceiver may not perform well with stations which are closc together. A
sacrifice in gain is also made and the recciver may be poorer on very weak
stations unless morc amplifier stages arc used.

The average gencral-purpose broadcast receiver is a compromise be-
tween thesc limits; a bandwidth of about 15 ke is common and is rcpre-
sented on the diagram below the i-f amplifier.

Detector. The output of the i-f amplifier is fed to the detector, which
may employ a tube or a crystal. The principal function of the detector is
to extract the modulation from the if signal. The mtermediate-frequency
signal, as such, is filtered out and discarded, while the audio-frequency
component is retained. The output of the detector is audio, but at too
low a level to be applied dircetly to the speaker.
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Fig. 2. Block diogrom of the bosic video functions in o television set

Audio Amplifier. The low-level audio is fed to an audio amplifier, whose
principal function is to amplify the signal to a high enough level to be
fed to the speaker. The amplificr may usc onc or more stages, depending
upon the audio power desired. The typical receiver employs two stagces,
onc a voltage amplificr, and the other a power amplifier which feeds the
spcaker through an output transformer.

A volume control is included somewhere in the audio amplifier to per-
mit the listener to adjust the audio level to suit his particular require-
ments.

Basic Diagram of Television Set. l'igurc 2 shows the basic video func-
tions of a tclevision set. Note the similanty to the block diagram of a
broadcast recciver. Not only do the diagrams look somewhat alike, but
the functions are also quite similar. The most striking difference is the
fact that a cathode-ray tube rather than a speaker is used at the output
end.
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Television Tuner. The antenna feeds its signals into a tuner which con-
sists of an r-f amplificr, a mixer, and a local oscillator, individually shown
in Fig. 3. Basically, they are the same as their counterparts in the broad-
cast reeeiver and they perform the same functions. The tuning mechanism,
however, is somewhat  different.  Rather than a  continuous tuning
mechanism as on most broadcast receivers, switching is used. This is not
uulike pushbutton broadcast reccivers, which may emplov from 5 to 10
or 12 pretuned scts of coils which are brought into usc scparately by
mcans of a pushbutton switch.

The television tuner emplovs 12 sets of pretuned coils, cach sct tuned
to a different television channel. They are brought into usc scparately
by mcans of a rotary channcl-sclector switch.
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Fig. 3. Block diagram of the basic circuits of a typical television tuner

Continuous or dial tuning is rarely used in vhf television because the
stations arc not located onc after the other in frequency sequence. (‘There
is a gap from 72 to 76 mc and from 88 to 174 mc.) In the casc of uhf
channcls, assignments arc made in sequence from channel 14 through
81, and continuous dial tuncrs are common. The basic reeciver under
consideration, however, is a vhf recciver, intended to reecive channels 2
through 13.

Fine Tuning. In addition to the channel-sclector switch, the tvpical
television tuner employs a fine-tuning control, commonly labeled Tunine.
This is simply a vernier control which permits the oscillator frequency
to be tuned a little way above and below the correct frequency. It permits
the uscr to adjust the set so as to compensate for his particular recciving
conditions and preferences. More important, it simplifics tremendously
the design of the receiver and its internal adjustment because it makes
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it unnceessary to sct it up in advance so that it is cxactly right; it permits
compensation for normal drift which is difficult to climinate, especially
the kind that takes placc slowly as the receiver ages.

The channel-selector switch and fine-tuning control arc shown in Fig. 2,
dircctly above the tuner. The output of the tuncr, as in the casc of the
broadcast receiver, is at the applicable i-f frequency. Most television
reccivers emplov a video i+f frequency in the ncighborhood of cither 25
or 45 mc, the latter being more popular in modem scts.

The i-f signal contains both the video signal and the sound signal be-
causc they are transmitted adjacent to cach other. Both signals get through
the tuner in much the same way that two adjacent broadcast stations are
sometimes picked up and hecard simultancously.

Video I-F Amplifier. Thc vidco i-f amplifier in Fig. 2 scrves the same
purposc as its counterpart scrves in the broadcast sct; it provides amplifica-
tion and the desired sclectivity characteristic. In television, however, the
term sclectivity is not usually emploved, because the i-f amplifier is not
sclective in the usual sense. Instcad, it is very broadly tuned so that it
can pass all the sidebands of the video signal, which sidebands are very
much broader than thosc involved in audio work. A typical tclevision i-f
amplificr may be from 3 to almost 4 me wide. In addition, the i-f coils
are carcfully aligned so that the i-f amplifier will respond properly to the
sesqui-sidecband transmission characteristic emploved in tclevision. A rough
idca of the i-f passband is shown below the video i-f amplifier block.

Ordinarily, more stages of amplification arc used in tclevision scts than
in broadcast scts because the gain per stage is lower. (It was pointed out
above that when the i-f amplifier is more broadly tuned, the gain is lower.)
From two to five stages of amplification may be used to bring the video
signal up to a suitablc level.

The fam sound signal is amplified along with the video signal although
not ncarly as much, because it appears near the bottom of the slope of
the video i-f passband, as mdicated in the illustration.

Video Detector. The output of the video i-f is fed to the video detector,
shown in box 3 of Fig. 2, which scrves to extract the video signal from
the video if signal. The detector may cmploy a diode or a crystal. Its
output is composed of the picture information origmally picked up by
the transmitting camera. Because the fm sound if signal also appcars
at the detector along with the video i-f signal, the output of the detector
includes, in addition to video, a beat signal between the video and sound
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signals. This beat occurs at 4.5 mc because the sound and video carricers
arc cxactly that far apart in frequency.

The beat between these carriers, called the intercarrier heat, may be
likened to the whistle which vou sometimes hear when vou are listening
to a Dbroadcast station on onc frequency and the carrier of an interfering
station is ncar that frequency. You hear the audio perfectly well except
that there is a constant annoving whistle in the background. The same
is truc of the signal delivered by the video detector; the video signal is
detected in perfectly useful form, but a beat with the sound signal rides
along with it. The beat cannot be called a whistle in the case of television
becausc it is at a frequency of 4.5 me, which is too high to hear, but it is
nevertheless there.

As will be cxplained later, the intercarrier beat is uscful in some re-
speets and undesirable in others. For the moment, its presence is purely
incidental, although it should be noted for future reference; the significant
output of the detector, at this point in the discussion, is the video, or
picture, signal.

Video Amplifier. As in the case of the broadcast sct, the detector out-
put is too low for dircct usc, so it is further amplificd by the video am-
plificr of Fig. 2, where it is built up to a more suitable level. 'The amplificr
may cmploy onc or two stages. Special means are used to extend its fre-
quency response from nearly zero to about 4 me to provide faithful repro-
duction of the complex video signal.

Picture Tube. T'hc output of the vidco amplifier is fed direetly to the
control clement in the gun of the cathoderay tube, where it controls
the intensity of the cathode-ray beam. As the video signal swings up and
down in voltage to convey information about the shading of the indi-
vidual picture clements, the cathoderay beam varies in intensity cor-
respondingly, duplicating the black-gray-white information accurately
from onc instant to the next. Fluctnations from black to white may occur
as rapidly as from three to four million times per second, or as slowly as
only onc or two times per second (or slower) depending upon the scene
being transmitted. The voltage range from black to white is perfectly
smooth, so that any intermediate shade of gray can be accurately repro-
duced. White is represented by 25 per cent of peak signal output while
black is 75 per cent. The gravs run the gamut between these values.

The video signal contains both picture information and synchronizing
pulses, with the latter appcaring at 100 per cent amplitude. They exceed
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the 75 per cent black level and therefore are blacker-than-black and are
not visible on the cathode-rav screen. Thus, for all practical purposcs,
only the picture portion of the signal may be considered to appear at
the cathode-ray tube.

Sound Trap. The intercarrier beat (the whistle) also appears in the
video amplifier and, unless filtered out in some manner, appears at the
cathode-ray tube where it may be seen as visible interference. It would
be scen as a fine meshwork or graining in the picture, and would impair
its quality. Most tclevision scts incorporate some sort of trap to keep
this beat signal from rcaching the tube. It is tuned to reject 4.5 me, the
frequency at which the beat occurs.

The sound trap is often located at box 4B of I'ig. 2, dircctly between
the video amplifier and the cathode-ray tube, althouglh it may be located
anvwhere in the video amplifier circuit between its input and output. The
trap is composed of a small coil and condenser, with onc or the other
variable so as to permit alignment to cxactly 4.5 me.

Brightness Control. Associated with the cathode-ray tube is a BRIGUT-
NEss control, which permits the user to adjust the average brightness of
the picture to suit his needs. In a brightly lighted room, the brightness
must be advanced appreciably, otherwise the picture appears dim. Con-
versely, in a darkened room, the picture brightness must be reduced, other-
wisc the picture will appear to glare too brightly.

Contrast Control. Associated with the videco amplifier is a CONTRAST
control. This control is analogous to the volume control in the broad-
cast sct in that it controls the output level of the signal. More specifically,
the contrast control permits adjustment of the level of the video signal
which is fed to the cathode-rav tube. It permits the user of the sct to use
the correet “volume” of video to suit the brightness level of the tube.
Higher brightness requires more video, hence an advance in contrast, and
vice versa. Contrast controls are somctimes called picTure controls.

Avutomatic Gain Control. Most tclevision sets, like broadcast scts, usc
some form of age (automatic gain control). Notc that in television it is
not called ave, which means antomatic volume control. The general idea,
however, is much the same. The age circuit tends to keep the level of
all television stations about cqual at the video detector so that a minimum
amount of adjustment is called for on the part of the wser when he
changes from station to station. The age system is omitted from the
block diagram in order to maintain simplicity.

In summary, there is a great deal of similarity between a broadeast
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superheterodyne and the basic video portion of a tclevision sct just de-
scribed. T the former case, an audio signal is picked up and made to
move the cone of a loudspeaker; in the latter, a video signal is picked up
and made to control the moment-to-moment itensity of the clectron
beam in a cathode-ray tube.

Making the Spot Move. T'hc tclevision sct shown in block diagram form
in I'ig. 2 is incomplete and thus is uscless as it stands. The only result
which it can produce is to cause a stationary blob light on the screen
of the picture tube to vary in brightness. Before that action can be uscful,
the blob of light must be concentrated into a sharp pin point and then
deflected about in the fashion described in the preceding chapter. In
other words, the beam must be focused and scanned.

(As a matter of fact, the picture tube in Iig. 2 would not light up at
all because no high-voltage supply is shown for the cathode-ray tube. To
simplify matters, it is assumed that this power is somehow provided. A
little later, the high-voltage supply will be shown, when its description
fits into the discussion better.)

The functions which serve the purposes of focusing and deflection are
shown in Fig. 4, which is identical with Fig. 2 except for these new ad-
ditions.

Focusing. 'I'hc matter of focusing the spot to a sharp point may be ac-
complished fairly simply by one of several practical methods. A common
one, shown in Fig. 4, emplovs an adjustable magnet around the neck of
the cathode-ray tube (and thus around the cathode-ray beam itsclf).

Electromagnetic Focusing. ‘1 he magnet mayv be an clectromagnet, which
utilizes a form made of a magncetically permeable metal (soft iron, for
example) which is magnetized by passing current through a coil of wire
around the form. The intensity of the magnetic ficld (coil current) is
controlled by means of a rocus control. When the intensity is just right,
the cathode-ray beam converges to a pin point at the screen. When it is
too high or too low, the spot is out of focus, and it appcars blurry.

Permanent-magnet Focusing. Somc tclevision scts employ a permanent-
magnet device for focus control. It is made of a stationary section and
an adjustable scction so that an adjustable magnetic gap is obtained. A
mechanical-drive assembly is used to vary the gap and thus provide con-
trol of focus. The control is sometimes hooked up to a flexible shaft so
that the adjuster knob may be located at the back of the cabinet. With
many scts, it is necessary to take the back off the cabinet to get at the
adjuster.
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Self-focusing. Somc tclevision scts use cathode-ray tubes which are in-
ternally focused when they are built. These are generally known as the
sclf-focus type. When this type of tube is used there is no visible focusing
device nor is there need for an adjuster.

Deflection Yoke. Scanning of the beam is accomplished through the
deflection yoke, shown at 5D in Fig. 4. This voke is composed of two
principal scctions, one being a horizontal deflection coil system and the
other a vertical deflection coil system. When sufficient clectrical force
of the correct character is applied to cach, the linc structure for the
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Fig. 4. Block diagram showing how the focusing, deflection, and high voltage circuits are added
to the basic circuits shown in Fig. 2

picture is obtained. 'The flickering spot of light then comes to life, for
it paints a rccognizable scene.

Vertical Sweep Generator. The vertical deflection coil calls for a 60-cps
sawtooth current to operate properly. That is provided by the vertical
sweep gencrator, in box 6 of Fig. 4. The circuit may involve two or
more tubes, or sections of dual tubes. It is composed of two principal
parts: a vertical sweep oscillator and a vertical sweep amplifier.

The former is an oscillator of some form, designed to produce a saw-
tooth voltage at a nominal frequency of 60 cps, and adjustable over a
convenient range above and below 60. It is followed by a sweep amplifier
whose principal function is to build the sweep signal up to a power level
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high cnough to deflect the cathode-ray beam fully from the top to the
bottom of the scrcen. The sweep amplifier also performs some of the
functions of shaping the oscillator waveform into as ncarly perfect a
sawtooth as possible. It includes some means for controlling amplitude,
or vertical sweep amplitude, so that picture height may be adjusted to
fit the screen accurately.

Sweep Adjusters. Thc adjusters associated with the vertical scanning
circuit arc shown on the diagram as 6A, 6B, and 6C. Thc first, 64, is the
spced adjuster (VERTICAL 110LD or VERTICAL sPEED) which permits the speed
of the sweep oscillator to be adjusted to the required 60-sweeps-per-second
ratc. The second, 6B, is the verricaL s1ize or neicur adjuster which con-
trols the amplitude of the signal fed to the deflection coils as just cx-
plaincd. The third, 6C, is the vErticaL LINEARITY adjuster, which provides
for adjustment of the shapc of the sweep waveform to obtain a good
sawtooth characteristic.

Horizontal Sweep Generator. Thc horizontal scanning circuit is es-
sentially the same cxcept that it feeds encrgy to the horizontal dcflection
coils and it opcrates at a sweep frequencey of 15,750 per sccond. Like the
vertical sweep scction, it employs an oscillator and an amplificr.

In a practical scnse, there is an appreciable difference between the
horizontal and vertical scanning circuits because the higher speeds of the
horizontal circnit involve much morc power than the vertical. Iligher
voltages and currents are used in the horizontal circuit. The horizontal
sweep amplifier tube is usually a tube of appreciable power-handling
ability.

Thce horizontal scanning circuit incorporates a speep control, 7A, a
size control, 7B, and a LiNearITY control, 7C, which arc similar to their
vertical counterparts.

A characteristic of the horizontal sweep amplificr, duc to its high power
and speed, is that it generates high voltages as a normal conscquence of
its operation. Ordinarily these high voltages might be considered a ncees-
sary evil of the circuit, were it not for the fact that very high voltages
are nceded for illuminating the cathode-ray tube; the horizontal sweep
amplifier is a natural and cconomical source of supply for thesc voltages.

High-voltage Circuit. The ordinary cathode-ray tube requires d-c voltage
in the order of 10,000 to 15,000 volts. An a-c voltage of this order is casily
obtained from the horizontal sweep output transformer. This a-c voltage
is rectificd by a special high-voltage rectifier tube and filtered to provide
pure direct current. Such a rectifier with its filter is represented by block
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8 in Fig. 4. The high voltage is applied to the side terminal (high-voltage
terminal) of the picturc tube where it serves to give the cathode-ray elec-
tron becam the high velocity which it nceds to make the fluorescent screen
glow brightly.

The high voltage supplicd to the cathode-ray tube is really a by-product
of horizontal sweep. This should be remembered because it will serve
vou well and often when you troubleshoot certain television failures. It
will help a lot to remember that when the horizontal sweep circuit fails,
the high voltage fails, and no light is seen on the picture tube.
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Synchronizing Functions. Blocks 9 and 10 in Fig. 5 provide the hori-
zontal and vertical sync pulses that must be used to synchronize the two
scanning circuits.

Clipper. The clipper is used to extract the synchronizing signals from
the video signals. The video signal may be obtained as shown, directly
from the output of the video amplifier, or it may be obtained at some
carlier point, perhaps at the detector or from a point within the video
amplifier. The signal fed into the clipper is consequently the same video
signal that is fed to the control element of the cathode-ray tube although
it nced not necessarily be at the same amplitude.

The clipper circuit resembles a standard resistance-coupled amplifier
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but it opcrates differently. Instcad of amplifving the video signal, it clips
it, and passcs only the uppermost part of the waveform, the blacker-than-
black part, which contains the sync pulscs.

Sync Separator. ‘I'hc sync signal at the output of block 9 contains both
horizontal and vertical pulses, but these are quite different from cach
other in character. The horizontal pulse is only about 6 microscconds long
while the vertical pulse is about 500 microscconds long. This difference
permits them to be individually recognized and scparated from cach other
in the svne separator, shown as block 10.

The typical separator is composed of a nctwork of resistors and con-
densers. The vertical part of the network is really a form of low-pass filter
and it permits only the long, low-frequency vertical sync pulses to get
through to block 6. The horizontal sync part of the network is reallv a
form of high-pass filter and it permits only the short, high-frequency hori-
zontal sync pulses to get through to block 7.

‘The two syne pulse signals are so applied as to control the timing of
their respective sweep oscillators, thereby bringing about perfect syn-
chronism of the television recciver with the transmitter.

Sound Circvits. The block diagram of Fig. 5 represents a complete tele-
vision sct with onc obvious exception—it has no sound circuits. These
arc added in Iig. 6 to make the set complete. The diagram is that of an
intercarrier recciver and it applics to the vast majority of modern television
scts.

Intercarrier Receiver. The sct represented by this diagram is called
an intercarrier set because of the manner in which the sound signal is
obtained in the circuit. It utilizes the beat hetween the video and sound
carricrs to good advantage. This beat appears at the output of the video
detector (block 3).

The beat occurs at exactly 4.5 me because that is the frequency differ-
ence between the sound and picture carriers. It is a mixture of the f-m
sound signal and the a-m picture signal.

"The video signal is branched off from the video detector and fed to the
input of the first sound i-f amplificr, in block 11. This stage, like thosc
represented by blocks 12 and 13, is tuned to exactly +.5 mc.

Intercarrier Tuning. Items 11 through 15 are very much like a fixed-tuncd
f-m recciver, fixed-tuned to 4.5 me. Block 11 is an amplifier, block 12
1s a limiter, block 13 an f-m detector, block 14 an audio amplifier, and 15
is the loudspeaker. A conventional volume control, 14A, is used to per-
mit the user to adjust the volume of the sound to suit his needs.

The intercarrier beat is not a clean f-m signal in any sense of the word,
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because of the large amount of video signal which is mixed with it. The
video signal, however, is a-mt, which an f-m receiver is designed to reject.
For all practical purposes, the video signal may be considered to be
nothing more than severe noise interference.
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Fig. 6. Complete block diagram of an intercarrier television set. The diagram has been com-
pleted by adding the sound circvits to the circuits shown in Fig. 5

Limiter. The limiter cuts off the a-m component of the signal, lcaving a
relatively clean fm sound signal. The f-m detector completes the job;
it responds only to f-m so that it detects only the sound signal. Thus, the
output of the detector is clean audio, and the listener need not be aware
of the fact that it started out as a badly mixed signal.

Advantage of Intercarrier. 'I'he principal advantage of using the inter-
carrier beat for the sound signal is that the sound circuits of the receiver
arc always tuned exactly right, no matter how the user tuncs the sct. This
is truc becausc no matter what channel is tuned in, or how the local
oscillator (finc tuning) is adjusted, the frequency difference between car-
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ricrs is alwavs 4.5 mc; the carriers arc transmitted with that frequency
diffcrence and it remains fixed.

Here is an example. Supposce that at correct tuning for a desired station
the picture carrier is 26.4 me and the sound carrier 21.9. The difference
1s 4.5 mc. Now, if the local-oscillator frequency is shifted 0.5 me so that
the picture carrier becomes 26.9 me, then the sound carrier shifts to 22.4,
and the difference is still 4.5 me.

Becausce of these facts, an intercarrier television sct is casier to tunc and
gencrally provides better results. The user simply adjusts the set to give
him the picture he likes best, knowing that the sound will be correct.
Should the sct drift in frequency, as many scts do, particularly on the
higher channcls, the cffcct will not be noticcable until the drift is so
severe that the picture suffers, but the sound will remain unaffected. Some
manufacturers refer to the intercarrier circuit as automatic sound tuning
when describing the features of their scts.

Noise Elimination. Ihc intcrcarricr idea offers other advantages which
arc important both to the owner and the serviceman. The two most im-
portant arc that this tvpe of sct is almost completely free of channcl-
switch noisc and is rarcly bothered by microphonic local-oscillator tubes
in the tuncr. Both of these problems may be quite severe in split-carrier
scts, as the other type of sct is called.

A rcally bad channel switch will, of course, give trouble in any sct,
but the garden varicty of dirty-contact noises is not heard in the inter-
carricr sct. ‘I'hc reason for this phenomenon is that ordinary worn or
dirty contacts do not rcallv make and break when they are wiggled or
moved, but rather, permit the point of contact to shift in position or
pressure; this makes the oscillator frequency jumyp about. In split-carricr
tclevision scts this produces severe scratching noise; in intercarrier scts,
both carricrs jump about together, and no detectable change occurs in
the frequencey of the beat or in the audio.

The same gencral reasons prevail for the immunity to microphonics in
oscillator tubes in intercarricr scts. ‘I'he common microphonic condition
in these tubes is a frequency-microphonic, meaning that a bonging sound
is heard when the tube is bumped or otherwise disturbed physically. This
cffect, however, docs not show up in the intercarrier set because both i-f
signals (vidco and sound) wobble together and remain spaced at 4.5 me.
A microphonic oscillator tube, on the other hand, can be quite a problem
m a split-carricr sct, causing violent howling or at Icast bonging from
time to tume.



46 Profitable Television Troubleshooting

The block diagram given in Fig. 6 is the complete functional block
diagram of an intercarricr television sct. Once you understand it fully and
have it clearly in mind, it will help vou greatly in television troubleshooting
work.

Split-carrier Sets. Not all scts usc the intercarrier principle. As a matter
of fact, nonc of the first television scts produced immediately after World
War II used it. It was not until about 1948 that the intercarrier circuit
started to come into usc. Today, almost all scts usc this circuit.

The original tvpe of sct was once called the conventional sct but as its
popularity waned it became known as the split-carrier type. It is called
split-carricr because the two carriers delivered by the tuner to the i-f arc

L MC LIMITER " AUDIO S
o rEa ] 21gmc SRS SMPLIF R l
n 12 14 5
CHANNEL
LESTE CONTRAST FOCUS  BRIGHTNESS
FINC
TUNING VOLUME
1
[ 2
TUNER (0140

NOTE : 213VC 15 AS3UMLD
TO BE THE SOUND I-F
FREQUCNCY

Fig. 7. Block diagram showing how the sound circuits are arranged in split-carrier television sets

used scparatcly, onc for the vidco and the other for the sound. The
split-carricr sct is shown in block diagram form in Fig. 7.

Where Split-carrier Differs. 'I'hc diagram of the split-carricr sct is almost
identical with that of the intercarrier set. The difference is in the fre-
quency of the sound i-f channel and the point in the circuit from which
the sound signal is picked up.

Split-carrier I-F. In order to understand how this type of sct works, it
is helpful to know exactly what if frequencies are used. Assume that the
sct is aligned for a video i-f frequency of 26.4 mc. The sound if fre-
quency is thus 21.9 me. The video i-f amplifier, 2, is aligned in much the
same way as in the case of the intercarrier set; the complete video chan-
nel, blocks 2, 3, 4, and 5 of Fig. 7, works just about the same. In fact,
cven an intercarrier beat occurs at the detector, although it is not uscd.
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There arc some small differences in alignment and in operation of the
video i-f circuits, but thesce arc not particularly important at this time,
and they will be explained later.

Split-carrier Sound. 'I'hc signal for the sound i-f amplificr is picked up
somewhere in the video i-f amplificr, and before the detector. The exact
place is incidental; some scts pick it up right after the tuner, another may
pick it up in the first, sccond, or even third video i-f amplifier. The im-
portant point is that the sound signal is picked up before the detector,
thus, before the point at which intercarrier mixing occurs. The sound
signal appears in the video i-f stages as a clean f-m sound signal at a fre-
quency of 21.9 me.

The sound i-f circuits arc aligned to 21.9 mc, instcad of 4.5 mc. As a
consequence, the television set must be tuncd by the user, using the
sound as a guide. If the sct is slightly mistuncd, the audio goes to picces.
The user has no choice as to picture tuning because at only one sctting
of the tuning control will the sound signal be 21.9 mc, which it must be
in order to be hcard properly. Should the sct drift during operation, it
must be retuned to restore proper sound reproduction.

Despite the disadvantages, many split-carrier sets were built and you
should be familiar with the functional diagram given in Fig. 7.

Failure of Picture Transmitter. ‘There is an interesting feature of the
split-carricr set which may be considered an advantage under special cir-
cumstances. Because the sound and video circuits arc relatively independent
of cach other, the sct will work on the sound signal alone, in the cvent
that the picture transmitter should fail. The sound will still be there, at
21.9 me, or whatever other sound frequency is used in the sct, even when
the video signal is absent. The intercarricr set, on the other hand, de-
pends upon the video carrier to beat with the sound signal to produce
the 4.5-mc intercarrier sound signal. If the video transmitter fails, the
intercarrier beat also fails, and no sound is heard (and no picture is
seen).

Both scts will continue to produce a picture if only the sound trans-
mitter fails.

Troubleshooting Tips. Kcep these facts in mind because they will help
you in general troubleshooting work. They will tell vou, for example, that
vou would not expect to hear any sound on an intercarrier sct if a failure
should occur in the video i-f amplifier; if the sct produces no sound or
picturc it is probable that the sound circuit is O.K. and that trouble-
shooting should be done first in the vidco i-f circuits.
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Sound-trap Action. 'I'hc principal difference in video i-f circuits between
both types of scts is duc to the difference in the methods used to keep
the sound from interfering with the picture. In the intercarrier sct this
is done with a 4.5-mc trap, such as 4B in Iig. 6, placed somewhere in the
video amplifier, after the detector. This method is used because the
sound signal nccessarily appears at the detector, thus it beats with the
video; still it must not be permitted to pass on to the picture tube where
it would be scen.

This same method can be used with split-carrier sets (and has been)
although a diffcrent approach is generally used. Since there is no need
to have the sound i-f signal rcach the detector in the first place, it is
uwsually trapped out completely before the detector and after the point
at which the sound is branched off to the sound i-f amplificr. Such a trap
is represented by block 16 in Iig. 7. One or more sound traps may be
used, and cach is tuned to 21.9 me (or whatever sound if frequency 1s
used in the set). They are generally connected into the video i+f trans-
formers in such a way that they absorb the sound if signal and thus
prevent it from being passed on to the next amplifier stage, or to the
detector.

Thus, the split-carrier set usually traps out the sound interference at
the sound i-f carrier frequency, before that signal rcaches the detector;
the intercarricr sct traps out the sound interference at 4.5 mc, dfter it
beats with the video in the detector.

How to Identify Intercarrier Sets. You can very quickly distinguish
onc type of sct from another if it is opcrating. Just tune it, and note
what happens to the sound. If the tuning is critical, that is, if it is like
tuning in a regular fan sct, the st is a split-carrier recciver. If the sound
tuncs very broadly and scems to be correct over the major part of the
tuning range, the sct is an intercarricr receiver.

‘This can be expressed in another way: If the set obviously requires that
the sound be deliberately tuned in to be heard, it is a split-carricr set.
If the set may be tuned so that the picture can be affected without material
cffect on the sound, the sct is of the intercarrier tyvpe.

Identifying a Dead Set. When the television set is not operating, it is
not quite as casy to determine which type it is, and you may want to
know. There are two ways to do this.

The first is to refer to any service data or specifications which the
manufacturer has prepared. The set will probably not be identified as
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onc type or the other, but you can tell by finding out the frequency of
the sound i-f. The frequency may be marked on the circuit diagram or
the alignment chart. If the sound if coils are tuned to 4.5 mc, the set
1s certainly an intercarrier set. If thic coils are tuncd to any other fre-
quency, it 1s a split-carricer sct.

The sccond way to find out s to ask the owner how he tuncs the sct.
Docs he tune for sound or picture? Is the sound always O.K.? After two
or three questions you should be able to find out the type of set in ques-
tion. This mcthod, by the way, is not completcly reliable because cus-
tomers may somctimes become confused when asked questions of a
technical nature and may provide mislcading answers.

Commercial Television Receiver Block Diagram. The basic block dia-
gram of an intercarricr set (Fig. 6) which has been built up step by step
m this chapter comes quite close to the published block diagrams of
many commercial television reccivers. The latter differ from the basic
diagram principally in that they are usually more detailed and tend to
follow their respective circuit diagrams more closcly.

An cxample of a commercial block diagram is shown in Fig. 8. It
represents a General Electric receiver which, for convenience (the chassis
covcers a serics of models), will be referred to as the E chassis.

The tuncr includes two r-f amplifier stages, V101 and V102, a mixer,
V103B, and an oscillator, VI103A. Signals from the antenna arc fed
mto the first r-f amplifier, while the mixer delivers an if signal to the
video I-f amplifier.

The video i-f amplifier is represented by three blocks—V104, V105, and
V106—which rcpresent individual amplifier stages. The vidco detector
1s a single block, Y151, as in the basic diagram of Fig. 6.

The vidco amplificr, block 4, is represented by blocks V107A and V107B
in Fig. 8 because the video amplifier of the E chassis is a two-stage amplifier
using both scctions of a dual tube.

The cathode-ray tube is V108 and, as in the basic diagram, is shown to
be provided with a signal from the video amplifier.

The sound scction of the recciver is almost identical in the two block
diagrams. The one shown in Fig. 8 simply shows an extra audio amplificr
stage, V111B.

In the basic diagram, the clipper 9 is shown to get its signal from the
output of the videco amplificr. In the E chassis, the signal is taken instead
from the video detector where it is essentially of the same character, but
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lower in level. An amplifier stage, V1134, is therefore used to build up
the level of the signal before it is fed to the clipper. This stage is called
a sync amplifier.

Refinements. A noisc-canccler circuit, V113B, is inscrted between the
sync amplifier and the clipper to make the syne circuits work better under
severe noise conditions. The circuit will be deseribed in a later chapter.
These functions are not shown on the basic block diagram because they
arc not basic receiver functions. They are refinements found in the I
chassis. Some scts, in fact, do not employ these functions.

The clipper is block V116A. It provides vertical and horizontal sync
signals to the respective sweep circuits. Note that the separator, block
10 in the basic block diagram, is not shown in Fig. 8. This was omitted
ouly because of the difficulty of identifving the exact compouents used
to do this job on the circuit of the E chassis; it mvolves a number of
resistors and condensers scattered through the circuit. The function of
scparation is, nevertheless, performed and it will be explained in a later
chapter when the actual circuit is described.

The vertical sweep circuit is composed of the vertical oscillator, V114,
and vertical sweep amplifier, V115, exactly as explained carlier. The
amplifier delivers a sweep signal directly to the deflection voke represented
by the two overlapping coils at the cathode-ray tube. The amplifier also
dclivers an cxtra signal, identificd as vertical blanking, which serves to
do a morce rcliable job of blanking the vertical retrace on the cathode-
ray tube than is donc by the vertical blanking pulse of the video signal.
This, too, 1s simply a refinement in the E chassis and is not a basic
function.

‘T'he horizontal sweep circuit is somewhat more involved than the one
described carlier, although it docs the same job. The new items, identified
as horizontal discriminator VI17A and reactance control VI18A (a part
of a block), are simply morc claborate circuits which serve to improve the
accuracy of horizontal svnchronization. T'his is also a circuit refinement,
but onc which is almost universally emploved in one form or another in
all television sets.

The horizontal oscillator V118B (the other part of the shared block)
together with the horizontal discharge, V117B, compromisc the horizontal
scanning gencrator. The horizontal sweep amplifier, V119, is the same
as the onc in Fig. 6.

Another refinement in the I sct is represented by block V116B, the
horizontal blanking circuit. It serves to improve horizontal retrace blanking.
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The damper, V120, is also a new item, although it is really a part of
the horizontal sweep output circuit in terms of basic functions. That is
why it was not shown as a scparate block in the basic block diagram,
Fig. 6. It is shown scparatcly in Fig. 8 primarily because a scparate tube,
V120, is ecmployed to do the damping job.

The high-voltage supply is identified with three tubes, V121, V122, and
V123, which perform the same function as was previously described for
block 8 in I'ig. 6.

QUESTIONS

1. What arc the functions of a tclevision tuncr aud what pancl controls docs
it include?

2. Roughly, how broad is the response of the video i-f amplifier?

3. What is the diffcrence between the picture signal handled by the video
i-f amplificr and the vidco amplifier?

4. How docs a vidco amplificr differ from an audio amplifier? Why is this dif-
ference tmportant?

5. How docs the vidco signal act at the cathode-ray tube? Express this spe-

cifically in terms of 235 per cent, 75 per cent, and 100 per cent amplitude.

. What function docs the sound trap perform?

. Wherce docs the vertical sweep signal originate? Where is it finally used?

. What is the source of cnergy for the high-voltage supply?

. What is the frequency of the intercarrier signal and how is it developed?

10. What is the principal advantage of an intercarricr set? Compare the ad-
vautage with a split-carricr sct.

11. How would vou determine whether a set uses the intercarrier circuit or
not—if it is opcrating—if it is dcad?

12. Draw a block diagram of an intercarricr sct showing at least these items:

O 0o =1 ™

a. Sound limiter g. Vertical oscillator m. Cathode-ray tube
b. Tlorizontal oscillator K. Clipper n. Horizontal amplificr
c. Antenna i. High-voltage supply 0. Vidco i-f amplificr
d. Vidco dctector j. Sound dctector p. Deflection voke

e. Spcaker k. Tuncer ¢. Vertical amiplificr

f. Vidco amplificr I. Synce separator r. Audio amplifier
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How to Tune and Adjust Sets

General Controls and Adjusters. Thcre is a gencral sct of controls and
adjusters which cvery television set must have in order to permit the
serviceman to sct it np and to permit the owner to tunc it in properly;
but all scts do not have exactly the same controls at the front pancl. Be-
causc of diffcrent circuit design, some sets call for front-pancl adjustment
for certain things while others provide only an intemal adjuster to be
sct up by a scrviceman. Conscquently, you will find some variation in
pancl coutrols from sct to sct. Almost every manufacturer identifies the
controls by name, right on the pancl of the sct.

There is cven less uniformity between television sets in the kinds of
adjusters provided. (‘The term adjuster is used to identify a screwdriver
control or other permanent sctup adjuster.) Different methods arc used
to center pictures, for example, or to adjust horizontal sizc.

In order to simplify the problem of learning how to use controls and
adjusters, they are separated i this chapter into three distinct groups.
These arc: (1) primary operating controls; (2) secondary operating con-
trols; and (3) internal adjusters.

Primary operating controls arc those which are usually located on the
front pancl of a television sct. ‘I'hey represent controls which the owner
must understand and be able to operate correctly.

Secondary operating controls or primary adjusters are somctimes lo-
cated at the pancl for the owner to usc, or in a concealed location for the
serviceman to adjust. \When they are at the pancel they are considered
secondary controls in that they play only a sccondary role in tuning the
sct; when they are accessible only to the serviceman they are considered

53
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primary adjusters becanse they are the ones which most frequently require
checking and readjustment. In fact, these adjusters should be checked
whenever the set is serviced, unless it is obviously operating excellently
—at lcast with respect to the functions which are affected by these ad-
justers.

Internal adjusters comprisc the adjusters which are almost always lo-
cated where only a technician can reach them. They constitute the ad-
justers by means of which a tclevision receiver is originally set up for
normal operation and which may require adjustment from time to time.

Primary Operating Controls. 1'hc primary operating controls are shown
in Fig. 1. The illustration gives the functional title for cach and shows
the circuit which it controls. The basic diagram applics cqually to the
split-carrier or intercarrier receiver, as noted in dotted lincs.
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SELECTOR NG INTERCARRIER CONTROL
FINE TUNING ! ~ CONTRAST
CONTROL VosPLIT- (PICTURE)  BRIGHTNESS
' CARRIER ‘\ CONTROL CONTROL
E‘/ .\
VIDEO — VIDEO
TUNER VIDEO I-F amp  [—= VIR0 bt VIO
) 2 3 4

Fig. 1. Primory operating controls of o television set

Fach control will be described individually, along with the gencral
facts regarding its practical form in commercial television sets. This in-
formation can be helpful to yvou even though vou may fecl that vou know
how to tunc most scts properly. There may be some detail, here or there,
that vou may not have known. Furthermore, part of vour job as a scrvice-
man is to explain the use of these controls to your customers and you
must be able to do this clearly and conciscly. You will probably find
some uscful ideas here to make this job casicr.

Channel Selector. ‘I'his control is almost always a rotary sclector switch,
with onc stop position for cach television channel. ‘The knob may have
the channel numbers marked on its cirenmference or the knob may have
an index of some sort on it, while the channel numbers are on the pancl.

It might appcar that there is little to be said about the use of the
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channel sclector, but despite its simple purpose, it is frequently emploved
cither carclessly or improperly by the set owner, particularly on channels
7 through 13. The principal cause for misuse develops out of the manner
in which the physical markings of channels arc made, together with the
fact that often no illumination is provided for the sclector.

It is possible, through the cffect of parallax, to misrcad many types
of channcl-sclector knobs. When the knob is set on channel 10, for
example, it may be read from some angle cither as 9 or 11. Frequently
the indexing in the sct itself fails to correspond accurately with the pancl
markings, or the shaft may be off-center with respect to the markings.
The net result is that the channel indication is not always as positive as
it might be.

The sct owner is generally aware of this but sometimes fails to turn the
switch to its proper position. Tle may tum it to 12 to get channel 11
without realizing it. I'hen, wlhien he tunes i the station and he sees chan-
nel 11, hic assumes that he has set the sclector properly. Unfortunately,
this is not alwavs truc.

It is possible with a grcat many scts to tunc in up to three channcls
n some channcl-sclector positions, ‘Thev are: the channel selected, the one
above it, and the one below. Thus, the channel 12 position can bring
in channel 12, if it is in local service, channel 13, or channel 11. Perhaps
some uscrs may consider this convenient, but it docs not lcad to the
best reception. When the wrong channel index is used it can result in
blurry or snowy pictures.

The rcason is that the sclector switch selects the proper r-f coils in ad-
dition to oscillator coils for cach chamncl; the r-f coils arc pretuned for
cach individual channel. No amount of tuning adjustment by means of
panel controls can change that. The pancl tuning control changes only the
oscillator frequency and its range can be great enough to lap over into
adjacent channels; but the r-f coils remain fixed in tuning.

Set owners should be instructed to sclect channcls carefully, perhaps
by showing them how an improper sclection can be made. They should
be shown how the picturc is either blurry or weaker, if these cffects are
very noticeable, and should be told that the chances of outside inter-
ference are much greater when they have not indexed the dial at the
proper channel number.

Tuning Control. 'T'his control permits the frequencey of the local oscil-
lator to be adjusted to produce best results. It is used differently in split-
carricr and intercarricr scts.
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Its function is more clearly understood by the sct owner with the former
tvpe of sct. The control is simply tuned to provide good, clear sound, and
it is left at that position regardless of whether or not another position
scems to produce a better picture. ‘The manufacturer aligns the i-f cir-
cuits in his sct for a specific sound i-f frequencey and for a specific video
i-f characteristic; the owner must tunc the sct so that the sound i-f fre-
quency corresponds with the sound alignment and no further choice
cxists as to picture tuning; the preadjnsted video if characteristic pre-

vails.
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Fig. 2. These diaugroms show how the tuning control moves the sound ond picture corriers
through the if response of the receiver. Correct tuning is illustroted ot the upper left

Intercarrier Tuning Control. Intcrcarricr sets arc casier to tunc in that
good sound reproduction is obtained at almost any sctting of the tuning
control, and the cffect of that control on the picture is rather gradual.
As a natter of fact, tuning is so broad that the majority of sct owners
neglect to tune the control unless they have to. If the picture comes in
when they sclect the channel, the control is not touched. As a result,
they often watch blurry pictures, or pictures with occasional interfer-
ence patterns marring their quality.

There is a specific tuning point at which the picturce is best. You should
be able to recognize that point and to instruct vour customers to do the
same thing.

Intercarrier Response Curves. 'I'hic principles involved in the tuning
of an intercarrier sct are illustrated in Iig. 2. The curves in the illustra-
tion arc all the same. They show the video i-f characteristic curve (or
response curve, as it is also called) of a typical sct. This response is built



IHow to Tune and Adjust Sets 57

mto the sct, the i-f coils having been aligned for this curve at the fac-
tory. In the cvent that the sct is realigned at a future date by a service-
man, the manufacturer’s instructions specify the same characteristic.

Thc frequencics relating to the response are shown along the bottom.
"The response curve of this partienlar sct runs roughly from +41.25 to 47.25
me althongh there is nothing sacred about these particular frequencics.
Other sets may usc different frequencies which the mannfacturer prefers.
"The gencral shape of the curve, however, is roughly the same, and is abont
as wide in terms of bandwidth.

The heavy dots on the curve in part A, marked P and S, show the cor-
rect positions for the picture and sound carriers respectively. The sct is
designed for the two carriers to occnpy those positions and best all-around

Fig. 3. Picture at normal tuning—condition A in Fig. 2. (Allen B. Du Mont photo)

performance is obtained when they do. They will occupy thosc posi-
tions when the sound carrier after conversion 1s 41.25 me, and the videco
carrier after conversion is 45.75 me. (Note again that these are 4.5 mc
apart.)

Intercarrier Oscillator Action. Figure 2A also illustrates, in a rough way,
liow the local oscillator fixes the two frequencics simultaneously. It shows
the two carriers at the correct positions on the curve. Figure 3 shows how
the picture should appear at normal tuning.

ligure 2B shows what happens when the local oscillator is mistuncd
toward the right. Both carriers move together (they remain 4.5 mc apart)
so that the sound is too high up one slope and the video is too far down
the other. The results are these: the sound is amplificd excessively and
interferes with the picturc—it causes interference patterns to appear; the
video carrier is too low and the picture becomes distorted—it loscs its
proper gradation from black to white and shows severe fringes, or over-
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shoot. This happens because the response of the set no longer matches
the sesqui-sidecband characteristic of the transmitter. The low-frequency
picturc components arc suppressed and the high-frequency components
arc exaggerated. This makes the picture look as though it might be
stamped out in relicf on solid mctal—like a coin—as shown in Fig. 4.

Fig. 4. Picture tuned with carrier too low—condition B in Fig. 2. (Allen B. Du Mont photo)

Figurc 2C shows what happens when the local oscillator is mistuned
too far in the opposite direction. In this case, the sound carricr slides
down almost to nothing and the picture carrier climbs too far up the
slope. The sound may continue to perform properly but the picture be-
comes smeary, as shown in Fig. 5. It loses its dcfinition scverely. This is

Fig. 5. Picture tuned with carrier too high—condition C in Fig. 2. (Allen B. Du Mont photo)

so because now the low-frequency picture components are cxaggerated,
causing smear, and the high-frequency components (which provide de-
tail) are suppressed, making the smear appear ever worse.

Intercarrier Tuning for Fringe Reception. Figurc 2D illustrates one of
the practical compromises in tuning which has its uses. Ilere, the local
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oscillator is a little too far to the left of its correct position, but not so
far that the pictnre detail is entirely destroved. It would look something
like Fig. 6. Ordinarily, this sctting wonld not be used because the picture
appears to be somewhat blurred compared with Ifig. 3. If the signal is
very weak, however, as in the case of fringe reception, the improper
sctting may give much better all-aronnd results. It produces a stronger
video signal and may permit acceptable reception of a signal which is so
weak as to be badlv marred by snow and interference when the carrier
is at the theoretically proper level.

Fig. 6. Picture tuned to compromise detail in order to improve strength of weak signal—condi-
tion D in Fig. 2. (Allen 8. Du Mont photo)

Practical Summary of Tuning. Pcrhaps tuning action sounds cxcced-
ingly complicated and well it may be, because many things happen at
once when the tuning control is tnmed. It is not necessary to remember
all of these details when vou tune an intercarrier set, nor could vou hope
to explain them to vour customers; but there is one general idea which
vou must remember and be able to convey. It is this: as the tnning con-
trol is turned, a gradnal change continnes to take place in terms of picture
quality. T'here is a sctting at which the picture comes to life, as it were,
and reflects the best performance that the set can provide. It is the posi-
tion at which picture detail almost suddenly scems to sharpen up, with-
out loss in good shading. At other scttings, the picture may be blurry
or too hard. If vour customer will look for this cffect and lcam to
recognize it, he will enjov better reception.

There are times when getting good picture detail is less important
than simply getting a picture. The case of the weak signal is one such
situation, but there are others. Most common are the cases of outside
interference of some sort which cause annoving crosshatch pattems to
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obscurc the picture. Frequently, mistuning the sct will result in the
climination of the interference and will thus permit cnjoyable reception
cven though the picture may be a little blurry.

Volume Control. There is little of special nature to be cxplained rela-
tive to the volume control in television scts. It is used simply to adjust
volume as in broadcast receivers. The power switch is usually combined
with the volume control, not only because users arc accustomed to this
combination from their radio experience, but also because no other tele-
vision control adapts itsclf so well to this dual function.

Contrast Control. The contrast control is really a video gain control.
It is identified by some manufacturers as the picrure control. It scrves
to adjust the amplitude of the video signal which is fed to the picturc
tube.

There is no onc sctting of the contrast control which is always right.
‘The amount of contrast necded for good picture quality depends partly
upon the strength of the incoming signal but primarily upon the amount
of brightness being used. In general, the higher the brightness, the more
the nccessary contrast, and vice versa.

When too much contrast is used, the picture appears harsh, excessively
black where only soft shadows should appcear, and noisc can be seen sput-
tering all over the surface of the screen. The last cffect is sometimes de-
scribed as a busy background.

Insufficient contrast produces a dull, washed-out picture, very much
like an underexposed photograph.

At correct contrast, the picture includes its widest range of shades from
black to white and thus provides greatest clarity.

Some television sets employ age circuits which work better than others,
consequently do not require frequent changes in contrast sctting. Other
scts may require that the contrast be readjusted almost with cvery change
in channel sctting.

Brightness Control. The brightness control permits the user to adjust
the brilliance of the picturc to suit room conditions. In a dark room,
very little brightness is nceded to give satisfactory results; as a matter of
fact, low brightncess is to be preferred in this case. More brightness is
neceded in a well-lighted room.

The brightness control is actually a grid-bias control for the cathode-
ray tube. It governs the average anmount of beam current, just as varia-
tion in grid bias governs the amount of plate current in an ordinary
amplifier tube. At high grid bias, very low beam current flows from the
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clectron gun, and low brightness is obtained. At lower bias voltages,
the beamn current is higher and the screen glows with correspondingly
higher brilliance.

It is advisable to usc the lowest brightness which produces a satis
factory picture, not only because this prolongs the life of the cathode-
ray tube, but also because it provides better picture quality. The reason
for the latter statement is that when excessive beam current flows, the
spot formed by the beam goes out of focus—it beconmies too large to
permit good picture quality. The cffect is noticeable on highlights only,
because it is only at those portions of the picture that the video signal
permits the beam current to reach its highest values. The highlights ap-
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Fig. 7. Secondary operating controls of a television set

pear to be badly blurred and devoid of dctail—they scem to glow almost
as though the subject itself were giving off light. The cffect is called
blooming. The cure, of course, is to usc less brightness, and to reduce the
contrast control proportionatcly.

Secondary Operating Controls. The sccondard operating controls of a
television set are shown in Fig. 7. They comprise the two scanning speed
controls and the focus control, when such a control is located where the
uscr can reach it conveniently.

Vertical Hold Control. This control mav be identificd on the sct as
VERTICAL HOLD, VERTICAL SPEED, OF VERTICAL SYNCHRONIZING. Its basic
function is a specd or frequency adjuster for the vertical sweep gencrator.
In terms of television reception, it is used to synchronize the vertical
scanning with that of the transmitted picture.

As a matter of academic interest, the correct setting is the one which
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makes the vertical sweep gencrator, without synchronization, run just a
little slower in speed than the picture. The synchronizing pulses then give
the extra push to make the speed just right.

When the speed control is sct to run faster than the picture, it rolls by
with a fairlv smooth motion. When the control is set to run much slower,
the synchirouizing pulses are unable to drive the speed hard enough to
come into syuchronization, and the speed jumps free. The picture then
bobbles violently about. There is a fairly broad range over which syn-
chronization holds well.

The best setting is the one which holds most steadily during electrical
disturbances. You should explain this to vour customers because many of
them watch jumpy pictures only because they don'’t realize that further
adjustment can liclp. ‘They may set the recciver for a steady picture on a
strong signal, or when 1o noise interference is present. Then, when they
switch to a weaker station, or when a neighbor turns on a vacuum cleaner
or clectric drill, the picture starts to jiggle. A little further adjustment will
often stcady it.

Interlace. Ilicre is onc other cffect of vertical speed adjustment which
may be obscrved on some scts, and that is the cffect on interlace. Some-
times, changing the sctting of the speed, changes the accuracy of interlace.
At somc particular sctting, the interlace may be perfect. That sctting will
produce the best picture and should be used. Chances are, if vour customer
owns a sct that acts this wav, he is not awarc of it, and consequently docs
not always get the best picture.

When the interlace is in crror, the number of lines in the picture scem
to become fewer in number (actually, onc-half) and they become more
prominent; the line structure is then clearly cvident from a distance and
the picturce appears coarse in some respeets. When interlace is correct, the
reverse happens. The lines scem to double in number and are very thin,
and they canmot be seen as distinct lines except up closc to the picture. If
vou watch the line structure carcfully as vou turn the vertical speed con-
trol, vou can sce this, unless the sct is onc which is always mterlaced, or
one which can never interlace. ‘These are not typical, however. The tvpical
sct shows some change in interlace with vertical speed adjustment.

Pairing. 'Ihc cffect is illustrated in Figs. 8 and 9. The photographs are
of an enlarged portion of the screen. In Fig. 8, good interlace is illustrated.
The line structure appears to be very fine. In Fig. 9, poor interlace 1s
illustrated. The lines are coarse and exhibit an cffect called pairing. Even
up close vou can distinguish only half the normal number of lines, while
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the black spaces between lines are excessively wide. This produces a fairly
poor picture and pernits the lines to be seen even from normal viewing
distances.

Many scts run through these conditions during adjustment of the ver-
tical speed control. Watch for it—have vour customer look for it. Ob-
viously, the better condition is the one shown in I'ig. 8,

Fig. 8. Enlarged portion of picture showing good interlace. (Allen B. Du Mont photo)

Some scts may drift in and out of interlace without anyonc’s touching
the control. If you come across this kind of sct, there is not much vou can
do with adjustment except to set it where it appcars to be interlaced most
of the time. Perhaps it might be advisable in this case to say nothing
about interlace to the owner.

Fig. 9. Enlarged portion of picture shawing poor interlace. The lines are pairing. (General
Electric photo)

Horizontal Hold Control. This control may be identificd on the set as
HORIZONTAL TOLD, HORIZONTAL SPEED, OF HORIZONTAL S$YNCHRONIZING. It
performs the same purposc in the horizontal scanning circuit as the vertical
speed control performs in the vertical. The control, however, has no cffect
on interlacing. ‘
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The horizontal speed control appears to be more clastic than the vertical
in adjustment. It holds over a wider range and when it finally drops out
of synchronization, the speed is usually far from normal. The picture might
then look like Fig. 10. When it is brought back toward synchronization,

Fig. 10. Appearance of screen when the horizontal is out of sync and far from normal speed.
(General Electric photo)

the picture continues to change gradually and looks something like Fig.
11 just before it pulls back into synchronization.

With many sets it is impossible to make the horizontal speed jump out
of synchronization, after it is set correctly, so long as a picture is reccived.

Fig. 11. Appearance of screen when the horizontal speed is almost in sync. (General Electric
photo)

Conscquently, it is difficult to tell when the speed is sct correctly. An in-
correct sctting, however, may permit the speed to drop out of synchroniza-
tion occasionally duc to noise, changes in powerline voltages, or other
causes. The best way to adjust the speed correctly is to turn the channel
switch to a dead channel for a few moments and then back to a channel
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which is on the air. If the horizontal speed control is not right the picture
might look like IYig. 10. The control should then be reset to synchronize
and the operation repeated.

After just a few trics, the control will be so set that as channcls arc
switched, cach picturc jumps almost instantly into perfect synchroniza-
tion. Such a sctting is the proper one and the control need not be touched
again unless it shows cvidence of neceding readjustment in the future.

Focus Control. As cxplamed carlicr, all sets do not have focus controls,
and when they do, they may be cither a simple potentiometer or a
mcchanical device around the neck of the picture tube. Only the former
will be considered here, that is, the simple potentiometer type.
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Fig. 12. Diagram of internal adjustments of a television receiver

Not much can be explained with respect to the adjustment of the focus
control which docs not suggest itsclf to the user almost instinctively. The
purposc of the control is, of course, to permit adjustment of the picture for
the sharpest detail. What the control does is make the cathode-ray spot
as small as possible; when it is smallest, the picture is sharpest.

‘The best way to adjust the control is to look at the picture itsclf, not
at the scanning lines. 'The sharpest lines do not necessarily produce the
sharpest picture. Morcover, the focus mav not be good in all arcas of the
picture at the same time. When the center is sharpest, the edges may be
blurry. In sctting the control try to get a good picture about halfway
between center and edge and adjust for the sharpest grain. When vou have
done that vou will get the best all-around focus that the sct can provide.
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Internal Adjustments. The common internal adjusters are shown in
block diagram form in Fig. 12. Their adjustment will be explained in the
general order in which they should be made if a sct is completely out of
adjustment.

lon Trap. Most but not all television scts employ an ion trap; it de-
pends upon the type of cathode-ray tube used. Certain of the aluminized
tubes, for example, do not require them.

There is no choice in the matter—a given cathode-ray tube is cither
designed for an ion trap or not. If it is, vou must use ong; if it is not, you
may not add onc.

The usual ion trap consists of some form of permanent magnet as-
sembly which clips onto the cathode-ray tube, near its base. 1t is identified
in Iig. 13, which shows a tvpical assembly of components on the neck
of a cathode-ray tube.
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Fig. 13. Typical assembly on the neck of a cathode-ray tube. The ion-trap magnet is identified

Before vou proceed to adjust the trap, vou ought to know roughly why
it is used and how it works.

Cathode-ray Tube Facts. When a cathode-rav tube is manufactured,
the clectron beam, which is emitted by the guun, is purposcly bent away
from the axis of the tube so that the beam cannot rcach the screen. This
is usually donce by assembling the gun with a tilt in its structure. If you
cxamine Iig. 13 closcly, you will sce that tilt. The gun is called a bent
gun.

A trap system is used because the gun emits ions along with clectrons.
If the jons are permitted to rcach the screen, they destroy the phosphor
after only a short time. The damage shows up as a fairly large round dark
spot on the screen, from about onc-quarter of an inch to possibly several
inches in diameter. ‘This kind of damage was common in carly cathode-ray
tubes, which emploved no ion protection for the screen.
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The bent gun directs the ions awav from the screen, along with the
clectrons, so that theyv cannot do damage.

How lon Traps Work. The ion-trap magnet is a device which, when
placed around the gun, bends the clectron beam but not the ion beam;
the ions continue to travel along a path which takes them away from the
screen. When the ion-trap magnet is adjusted properly so that it counter-
acts exactly the bending produced by the gun, the clectron beam, once
again, travels directly toward the sereen and doces the job which it was
intended to do.

Fig. 14. Adjusting the ion-trop mognet. A comfortoble position is ossumed before power is

turned on. Then the set is turned on with the left hond, leoving the right one in position to

moke the odjustment quickly os the set worms up

There is no exact tle as to how to adjust the ion-trap magnet. The
correct position must be found experimentally by watching the screen
during adjustment. The magnet may be rotated around the neck of the
tube, and moved forward and backward, necarer to or further from the
base. The object of the adjustment is, first, to get the picture tube to
light up, and, sccond, to get maximum brightness. When the position is
found at which maximum brightness occurs, the bend of the gnn and the
bending cffect of the ion-trap magnet are perfectly balanced.

Warning. Wlien vou first turn on a set of which vou have reason to
believe that the ion-trap magnet is not properly adjusted, vou should



68 Profitable Television Troubleshooting

adjust it as quickly as vou can, within a minute or two at most; otherwisc
the cathode-ray tube mav be injured. The electrons will be trapped in the
gun and may causc the tube to overheat. You can save time if, before you
turn on the sct, vou get into a comfortable position with one hand on the
magnet and so that vou can scc the screcen. This is illustrated in Fig. 14.
How to Adjust lon Traps. After turning on the set and allowing warm-
up time, start rotating the ion-trap magncet around and around the ncck of
the tube, with cach revolution moving the magnet to a new position,
cither forward or backward. The brightness should, of course, be turncd
up so that there will be something to be scen when the trap comes into
proper adjustment. You should be able to get the screen to light up

- PO

Fig. 15. A filted picture. This condition is caused by a tilt of the deflection yoke, not by a tilt
of the picture tube. (Allen B. Du Mont photo)

within four or five scconds after vou start adjustment and should be able
to get the approximate point of maximum brightness in four or five more.

Once vou sce the screen light up, turn the brightness control down,
so that vou can sce the cffccts of further and more accurate adjustment.

When von service scts and have occasion to remove the back cover,
it is a good idca to touch up the sctting of the ion-trap magnet. Many scts
will be found to be nearly right but not perfect. The adjustment which
you make can increasc the brightness considerably.

Yoke Tilt. This adjustment permits the picture as a whole to be rotated,
just like a picturc on a stiff card which is pinned through the center. The
purposc of the adjuster is to permit the picture to be leveled with respect
to the frame or mask.

A tilted picture is shown in Fig. 15.

Tilt adjustment is made by rotating the deflection yoke. The yoke is
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identificd in Fig. 16. In many cases this requires that vou loosen whatever
clamp holds the voke in position. Grasp the voke in vour hand, and rotate
it while vou watch the picture. Iigure 17 shows this adjustment being made
on a chassis.

DEFLECTION
YOKE

Fig. 16. Typical assembly on the neck of a cathode-ray tube. The deflection yoke is identified

Fig. 17. Adjusting the deflection yoke to correct picture tilt. The yoke assembly is rotated while

watching the picture

You must be particularly careful when making this adjustment be-
cause some vokes have, at the front of the assembly, exposed terminals
carrying plate voltage. T'o play safe, make certain that vou touch only the
casc. If von are not sure that you can avoid the terminals, look at the
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picture, determine the direction of rotation nceded, and cstimate the
amount. Tum off the sct, rotate the yvoke, then tumn it on again and check
vour results. After a few tries vou will get it right,

Some sets provide a tilt lever on the voke to make tilt adjustment casier.
It is simply pushed one way or another to adjust tilt. A wing nut generally
is cmploved and must be loosened to permit rotation, then tightened after
the adjustment is completed.

After adjustment of both the ion-trap magnet and the tilt of the de-
flcction voke, the set should be tuned in properly before vou proceed
with further adjustment. That is, the regular operating controls should be
sct up to provide as good a picture as vou can get. ‘Then the balance of
the adjusters can be sct up.

Fig. 18. Poor horizontal linearity. The left side of the picture is expanded and the right side
compressed. (General Electric photo)

Horizontal Drive. The horizontal drive adjustment may be sct up first
after tuning in a picture, if the sct has such an adjuster. In general, it is sct
up to produce maximum picture width. Individual scts have their own
special qualifications as to what other cffects should be obtained. You must
get these from the manufacturer's sctup instructions. If you do not have
them, it will be sufficient to sct the control only for maximum width. If
further adjustment is needed, it will become cvident when you sct up
the width and horizontal linearity adjusters.

Horizontal Linearity. 'I'his adjuster is sct up to produce even distribution
of the picturc from left to right. An example of poor horizontal distribution
is shown in I'ig. 18. Notc that the left side of the picture appears larger
than the right, which is compressed.

"The horizontal lincarity adjuster is tumed to get perfectly cven distribu-
tion, as shown in Fig. 19. This adjustment is difficult to make without a
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test pattern; the pattern shows clearly the condition of lincarity which is
hard to sce in ordinary scenes. You can, however, feel vour wav if there
is 110 pattern available. The adjustment must be made so that subjects on
the screen appear to be properly proportioned in width whether they ap-
pear at the left side, the right side, or in the center of the sereen.

It is most 1mportant that vou consider only the left-to-right, or hori-
zontdl, linearity when making this adjustment, no matter wlhat the shape
of the picture is in the vertical direction. No amount of adjustiment of
horizontal lincarity will affect the vertical lincarity, and vice versa.

Do not despair if you cannot get the lincarity perfect; some sets are not
capable of it—but you should be able to make it reasonably good and
certainly better than the condition shown in Fig. 18. Should vou have

Fig. 19. A properly adjusted picture. Linearity and size are correctly adjusted both horizontally
and verlically. (General Electric photo)

trouble getting it good enough, vou can try some readjustnent of the
horizontal drive adjuster, which may help. Do not, however, adjust the
drive so that the width is materially reduced, unless vou find later, when
vou adjust width, that you have plenty to sparc.

Vertical Linearity. This adjuster scrves the same purpose in the vertical
dircction that the horizontal adjuster serves in the horizontal direction.
An cxample of poor vertical lincarity is shown in Iig. 20.

It will help when making this adjustment to keep the height of the
picture approximately correct, because most scts exhibit some interaction
between vertical lincarity and height, more so than with the horizontal
adjusters.

‘The control is adjusted simply to get an even vertical distribution of the
picture such as is shown in Iig. 19. Here again, the adjustment is siniplified
if a test pattern is available. 1f it is not, you can feel vour way as recom-
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mended above, this time obscrving the vertical distribution of the picture.
It is casicr to feel your way with the vertical control becausc the cffect of
poor vertical lincarity is very quickly scen on full-length human subjects.
Poor vertical lincarity, in fact, makes human subjects look rather ridiculous
because it gives them flat heads or disproportionate torsos or legs.

Fig. 20. Poor vertical linearity. The upper part of the picture is compressed. Compare this with
Fig. 19. (General Electric photo)

Width and Height. Once lincarity is good, the width and height of the
picture may be adjusted to fill the screen properly. The width should be
adjusted first, because it usually affects height to some extent, whereas

Fig. 21. Excessive height. The picture fits properly from left to right but is too large from top
to bottom. Objects appear tall and thin. Compare with Fig. 19. (General Electric photo)

the reverse is not true. Width and height should be adjusted so that they
exceed the dimensions of the screen by a small amount; then, normal size
variations will not expose black borders. Such variations gencrally occur
with linc-voltage changes.

The test pattern is also uscful for these adjnstments because only when
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they are correct with respect to cach other will a round object, for ex-
ample, really appear round. Otherwise, it would be oval, being larger in one
dircction or the other. It is not difficult, however, to gucss the correct
scttings in the absence of a pattern because the mask diniensions on the
sct serve as a fairly good guide. The effect of poor height and width ad-
justments is shown in Figs. 21 and 22.

Ordinarily, the adjustment of height and width cannot be done as di-
rectly as suggested above on a sct which is badly out of adjustment; it
usually becomes evident that the picture is off-center, and thus cannot be
adjusted for size properly. If this should be the case, do the best you can,

Fig. 22. Excessive width. The height is proper but the picture stretches out beyond the sides of
the mosk. Objects oppear short and squatty. Compare with Fig. 19. (General Electric photo)

preferably leaving the picture a little undersized (so that vou can sce
the edges) and proceed to center it as described below. When von have
done that, you can come back to the adjustment of width and height and
complete the job.

Centering. Somc tclevision scts employ potentiometers for centering,
which makes the operation very simple indeed. The adjusters are siniply
tumed so as to move the picture up and down and sidewavs, to locate it
properly in the screen. Adjusters of this form come in pairs; onc is pro-
vided for vertical movement (called VERTICAL CENTERING OF VERTICAL
posiTioN) while the other is provided for horizontal movement (iden-
tificd as a HORIZONTAL CENTERING OT HORIZONTAL POSITION ).

"The more common form of centering mechanism is a mechanical device
associated with the focus niagnet. That magnet is located around the
neck of the tube and between the deflection voke and the ion-trap magnet.
Figure 23 shows a typical assembly. In this form of centering device, the
matter of coarsc focusing is also involved. Fine focusing is done by means
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of a vernicr adjuster of some form, through control shaft E in the as-
semblyv in I'ig 23.

Wobble Plate for Centering Picture. The assembly in Fig. 23 has an
added convenicnee not found in all focus-centering devices. It has a device
called a wobble plate which literally can be wobbled to move the picture
about. It can be pushed forward, pulled back, or rotated to affect the
picture position. The focus magnet is then required primarily to provide
good focus and plays a lesser part in picturce centering.

Focus Magnet. \any scts arc provided with a simple focus magnet (or
focus coil) which serves not only to focus the beam but also to fix the
picture position on the screen. The magnet is usually supported by a pair
of slotted brackets like the one in Iig. 23. You can sec onc of the brackets

OBBLE PLATE

END PILATE

CONTROL SHAFT

7
AIRGAP

STEEL TUBE

Fig. 23. A combined centering and focus adjustment assembly. Centering is adjusted by means
of wobble plate D. Focus is adjusted by turning shaft E

on top, ncar the letter D. Another is located on the bottom. The mount-
ing screws pass through the longitudinal slots in the mounting bracket
so that a universal mounting is obtained. The focus magnet can be turned
on the axis of the screws. One of the screws can be pushed forward of
the other so as to tilt the magnet, or both can be moved forward or back-
ward together so as to move the whole focus magnet along the neck of the
tubc.

Adjusting Focus Magnets. In adjusting thc magnet, forward and back
movement affects focus primarilv. The tilting of the magnet from its
natural planc affects picture centering. The usual procedure for adjustment
is first to find the longitudinal position which provides best focus with
the fine-focus adjuster (if there is one) in the center of its range, and then
to wobble the magnet about in that approximate location to center the
picturc.
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You will have to feel vour way as vou go along—the manner in which
the picture moves in response to tilting of the focus magnet usually ap-
pears to make little sense. You may tilt it upward and the picture may
move sideways. By experimenting, vou can get it right. When vou do,
tighten the screws which hold the assembly in place.

Don’t Forget the lon Trap. \When vou have made any adjustment of the
focus magnet, always check the adjustment of the ion-trap magnet be-
causc intcraction docs occur. Keep readjusting the ion trap for maximum
brightness as you go along, because that adjustment also affects picture
centering to some extent.

Example of Centering Adjuster. IFigurc 24 shows the location of the
picturc-centering device, A, used with the assembly illustrated carlier. ‘The
centering unit employs two tabs, B, onc of which can be scen in the il-

N

Fig. 24. Typical assembly on the neck of a cathode-ray tube. The centering device A is identified.

Adjustment is made by means of two tabs, B, only one of which is visible. The other is directly
behind the one you can see

lustration. The tabs can be pushed together or spread apart and the whole
device can be rotated. These adjustments, in combination, provide a wide
range of picturc-centering control.

Neck Shadows. Although therc arc no neck-shadow adjusters as such,
vou will frequently be required to adjust neck shadows. A neck-shadow
condition is illustrated in Fig 25. It is not always as bad as shown—it may
only black out a small part of onc or perhaps two corners of the picture.

The condition is caused by the fact that when the clectron beam in the
cathode-ray tube is bent severcly by the deflection voke, as it must be to
rcach the comers of the picture, it runs the risk of striking the glass
envelope just before the point at which the neck flares out. This is il-
lustrated in Fig 26. When this happens, a corresponding part of the pic-
ture 1s blacked out.

The answer to the basic problem may scem to be simply to have the
cathode-ray tube manufacturer flare out the neck more gradually, but this
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is not so; the neck must be narrow just before the flarc because the de-
ficction voke must be located at that point and the diameter of the open-
ing in the yoke must be as small as is rcasonably possible.

Fig. 25. An example of neck shadow on a picture. Sometimes only a small corner area is
affected. (General Electric photo)

Eliminating Neck Shadows. 1hc causc for neck shadow, in most cases,
is that the deflection voke is not all the way forward, against the bell of
the tube. This makes the beam bend too soon inside the neck of the
tube, hence the shadow. The cure is to push the voke, with rcasonable
force, snugly against the tube, after you have loosened the screws which
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Fig. 26. Cross section of a tube neck where it passes through the deflection yoke, showing the
cause of neck shadow

hold it in placc. In the process, you must be carcful not to tilt the voke
or you will have to readjust that again. You must also obscrve the pre-
cautions outlined carlier with rtespect to possible live terminals on the
voke.

Neck shadow can also be cured by readjustment of the focus magnet
and ion trap. These are numerous combinations of the latter two adjust-
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ments which can produce good focus, maximum brightness, and proper
centering. Some of those combinations may result in neck shadows, others
may not. It is vour job to find the latter through repeated adjustment if
vou have a tough neck-shadow casc.

If nothing scems to cure neck shadow and vou are dealing with a chassis
out of its cabinct, vou may find that the shadow will disappear when the
set is installed in the cabinet. This can happen because the mask against
which the picture tube rests may add just enough pressure against the yoke
to bring it up snugly enough to clear up the problem.

If even this fails, vour customer may have to live with the problem or
get another picture tube. It may help vou to know that his tube may work
perfeetly well in another sct, becanse cach sct is a little different in its
geometry and in the nature of the magnetic ficlds of the voke, focus
magnet, and ion trap—cven sets of exactly the same make and modecl.

QUESTIONS

L What conmmon mistakes are made by television-set owners regarding the

chamel sclector and the fine tuner on intercarricr sets?

Describe the effects on the picture when the picture carrier is tuned too

high or too low.

3. How is tuning compromised for the rceeption of weak stations? IHow
should the customer be instructed?

4. What is another popular name for the contrast contror and preciscly

what does it do?

How docs the BrRIGHTNESS CONTROT work?

6. What iufluence may the virricar nown coxrror have on the picture be-

vond bringing it into syne?

How should the norizoxrar norp contror be adjusted for best results?

What should you scck when vou adjust the rocus controL?

. Why docs the screen of a cathode-ray tube refuse to light when its ion-

trap magnct is maladjusted or missing?

10. Tlow should an ion trap be adjusted?

11. Is the picturc rotated, or tilted, by («¢) rotating the picture tube or (h) by
rotating the yoke? Explain why one does and the other does not have this
effect.

2
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12. Describe a procedure for adjusting size and lincarity if a test pattern is
on the air.
13. Describe the adjustment of a mechanical picture-centering device.

14. \What arc the cause and the eure for neck shadows?



Using Television Service Data

An important tool. Tclevision scrvice information is carcfully pre-
pared by television manufacturers for the sets which they build. This in-
formation is onc of the more valuable tools in a scrvice shop. Few scrvice-
men work without it, cven after they are familiar with the sets which
they service. ‘There are some jobs which they would not attempt without
that information—alignment, for example.

Manufacturers’ Service Manuals. Most manufacturers publish scrvice
manuals or scrvice notces, as they are sometimes called. They gencrally do
this scparatcly for cach model or group of models which they manufacture.
Somc of these manuals are quite claborate, running as high as 50 to 100
pages for a single sct. They are usually available from the time the first
sct of the particular model is placed on the market.

In somec cascs, the manufacturer maintains a mailing list at his factory
through which his manuals arc mailed when they are available. Generally,
this service is provided for at a fixed annual fec.

Other manufacturers ship their manuals in bulk to their sct distributors
throughout the country and the distributors, in tumn, either mail them
through local mailing lists, or simply make them available upon request at
their parts departments. 1ere again it is common practice to charge for
the manuals. Nanv distributors provide their retail dealers with copics as
they become available, cither free of charge or at a fixed annual fec.

Manufacturers’ Volumes. In addition, some manufacturers preparc
larger volumes of service manuals from time to time and in some form of
durable binding. FFigure 1 shows such a sct of volumes. These volumes are
essentially collections of individual scrvice manuals. The latter may be

78
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collected by the vear or at more or less frequent intervals, depending upon
the manufacturer's plan of operation. The volumes almost always contain
the most up-to-date revisions of the individual manuals.

The manufacturers” volumes are rarely distributed in the same way as
the individual manuals. Most often, they are treated as a sales item for
replacement parts departments and are available where parts for the
manufacturer’s scts arc sold.

Fig. 1. A set of manufacturer's service volumes. Each volume contains information on a series of
models. (General Electric photo)

Manufacturers’ Service Guides. There is another form of publication
produced by television manufacturers, sometimes referred to as a service
guide or by some other title which serves to distinguish it from the regular
service manuals or volumes of manuals. The guide is usually a condensation
of imformation contained in previously published manuals. It may con-
taim only schematic diagrams, tubelayout diagrams, and parts lists. This
kind of guide is uscful primarily to scrvicemen with extensive knowledge
and experience since it includes only the minimum of information relative
to cach sct. Until vou feel you have more experience, you should not de-
pend solely upon these guides.

Publishers’ Manuals. Because of the large number of television manu-
facturers in business, collecting service manuals from all of them may
prove to be expensive and may take a great deal of time and cffort. As an
aid to servicemen, certain independent publishers do the work of collect-
ing and organizing the television service manuals of most manufacturers
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and offer them for sale in a package. Examples of such publishers are John
1. Rider in New York City and Howard B. Sams in Cincinnati, Ohio.
Some of their manuals are direct reprints of manufacturers” manuals, while
others add further uscful data. Many servicemen consider the purchasc of
these manuals a worthwhile investment, not only because of the con-
venience, but also because they are assured of having data on virtually
every television sct manufactured up to the time of the publisher’s re-
leasc. The value of this service is reflected in the fact that this type of
manual has been used by radio servicemen for over twenty vears.
Manufacturers’ Information. In addition to the service manuals which
provide data for specific models of tclevision sets, some manufacturers
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Fig. 2. A section of o poge from Du Mont “Service News"

publish general information of interest to television servicemen. Many of
these booklets are extremely helpful and informative. They frequently
provide extra data about the manufacturer’s scts or gencral data rclating
to the scrvicing of all scts. One of the features of these publications is the
presentation of scrvice tips which cover either recurring problems  or
special problems calling for circuit changes in specific scts. An example of
a gencralinformation publication is the Du Mont “Service News” pub-
lished by the Teleset Service Control Department of Allen B. Du Mont
Laboratorics. A section of onc of the pages is shown in Fig. 2 to give vou
an idca of its cditorial form.

On occasion, manufacturers prepare special publications for the service-
man. An example is the publication titled “Successful Service Manage-
ment” prepared by the Tube Department, Electronics Division of the
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General Electric Company. This publication provides valuable informa-
tion regarding business practices, merchandising, and servicing. '1he
business-practice scction covers the various aspects of simple accounting
for a radio or television service business.

Special Reference Books. Private publishers also develop special books
designed especially for the television serviceman. Some provide, in one
binder, tube-layout diagrams for a large number of popnlar tclevision scts
together with a short description of the function of cach tube. Another
form of publication provides a serics of picture-tube pliotographs showing
various television faults together with appropriate information relative to
analvsis of the faults. A third tvpe of publication lists common troubles
and cures in specific television sets. These are nomally a collection of
manufacturers’ tips or recommendations gathered from individual manu-
facturers” publications or through solicitation of the manufacturer for
such information.

The value of thesc publications must be judged individually by the uscr.
You may find some of them extremely helpful. ‘I'hiey will not, however,
replace the manufacturers” service manuals or the manuals prepared by
private publishers. In general, they offer only portions of the same in-
formation contained in the manuals, but in handier form. The gencral
publications of manufacturers, on the other hand, are usually extremely
helpful, although they, too, do not replace the service manuals then-
sclves; they are intended to augment thosc manuals, not to replace them.

How to Get Service Manuals. As suggested above, there are two prin-
cipal sources for service manuals—the manufacturer and the private pub-
lisher. Both offer their own particular advantages. 1f vou arc interested
in the television scts of only a few manufacturers, it may be less expensive
to get only those specific manuals. If you arc interested in getting manuals
of all brands of scts, the private publisher may be vour best bet.

Service Manuals of Private Publishers. These manuals arc sold by most
radio parts distributors who handle multiple brands of radio parts. Your
local parts jobber probably has them in stock or can give vou whatever
information you nced to get them. The chances are that he will be glad to
let you look them over before vou buy, if he has them in stock.

If there is no parts jobber of this description in vour town, vou can find
the manuals listed in the catalogs of mail-order radio parts supplicrs lo-
cated throughout the country.

Before you buy the manuals, it would be helpful to get the advice of
another scrviceman. ‘There are so many different kinds of packages avail-
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able, some of which arc expensive, that it would be wise to find out what
particular publications have been most uscful to someonc who has had
frequent occasion to use them.

Manufacturers’ Manual Sources. The best place to get information
about the scrvice manuals for particular brands of scts is from the local
distributor of those scts. Most of these distributors will have them right
in stock and will he able to tell you how vou can reccive them regularly
as they are issued. The distributors will probably also have back numbers
for older scts.

You can almost always find the distributor listed in vour tclephone
directory under the manufacturer’s name. Look for the listing of the
brand name in the classificd directory and then for the organization given
as the distributor for that brand. Usually vou will find only onc or two
names. If vou are close enough, vou can telephone or drop in personally to
their replacement parts depot. Otherwise, vou can write to the distributor,
addressing vour Ietter to the “Product Service Department.”

When looking up the name in the directory, be carctul that you do not
confuse the distributor with rctail dealers. Distributors scll scts to the
retail dealers. The latter are rarcly able to provide vou with service mannals.
A possible exception is the manufacturer who sells directly to retail
dealers without distributors, but vou will quickly fmd out which they are
when vou try to locate the distributor.

If you arc unable to find the proper distributor in your telephone book,
vou can get his name and address from any retail dealer who sclls his
brand of scts. Retail dealers know who the distributor is because they buy
their scts from him. The rctail dealer will also be able to tell you whether
he buys his scts directly from the factory, in which casc you may have to
contact the factory for manuals.

Getting Service Manual Volumes. The preceding information applics
cqually to the scrvice manual volumes prepared by the manufacturer.
Thesc volumes may contain the service manuals issucd in a calendar year,
or in some other convenient grouping. The volume may scll for as little
as a dollar for the st or may run as high as several dollars. Before you buy
it, ask the distributor whether the volume is a collection of the same
tvpe of manuals which were issucd individually for cach sct or whether it is
a condensation of the ndividual manuals. If the latter is true, the volume
will not be ncatly as complete as you may want it to be. The type of
manual which generally is a collection of condensed matcerial is the kind
which contains every sct made by the manufacturer for five or more years.
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"The special books covering general television service information can
be found inn hook stores or in radio parts houscs. ‘hose prepared by manu-
facturers are usually available at the distributor’s parts counter.

Information in Service Manuals. Although cach manufacturer uses his
own ideas in his scrvice manuals, they do follow a similar pattern. The basic
information is similar and there are some things, like aligmnent pro-
cedures and schematic diagrams, which they all contain. Morcover, they
all appear to be written for an average servicentn with some television
experience and with a fairly good understanding of radio circuits. It is
assunied, in the preparation of the manuals, that the user has a clear
understanding of basic television functions.

Following is a description of the tvpe of information given in tvpical
manufacturers’ service manuals and which is reproduced in some of the
independent publishers™ service manual packages.

Model Identification. T'he scrvice manual lists the various nodel num-
bers or names to which the manual applics (sce Fig. 3). Often, photo-
graphs arc given so that you may recognize the sets from the appearance
of the cabinet. In some cases a manual may apply to six or more scparate
modcls and it is not unusual to have it apply to all models of a given brand
which are sold during the same period. ‘This can be done in many in-
stances because the manufacturer may have only one basic chassis in
production during a given year, with the differences in models being a
difference in quality and style of cabincts.

Operating Data. I'hc mauual may contain a bricf description of how the
sct is to be installed and operated. It may include an illustration of the
operating controls together with an explanation of their proper use. It
may also contain data such as type of antenna to be used, power required,
audio power output, and physical dimensions.

The operating instructions arc supplied for the information of the
serviceman particularly and are not included to serve as the owner's in-
structions—it is not expected that nontechnical owners will read the serv-
icc manual. In most casces, a separate booklet is supplied with the set for
the owner. 'The booklet describes, in less techmical language and perhaps
i more detail, how to opcrate the sct.

Setup Adjustments. 'The manual contains cithier helpful hints or de-
tailed instructions on how to sct up cach of the adjustments provided for
this purpose. T'he instructions include such things as centering, ion-trap
ntagnet adjustient, lincarity, cte. 'The manufacturer’s instructions arc
naturally more accurate than the general data already given in this ook so
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far as specific adjusters are concerned. Tt is not unusual, however, for the
mannfacturer to assume that vou are familiar with general data and to
incInde in his instructions only those special things which make his sct
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Fig. 3. Clippings fram a typical service manual shawing the kinds of special information it may

contain

Sometimes the setup information includes little more than the location
of the hard-to-ind adjusters by means of drawings or photographs, to-
gether with a simple statement of the function of these adjusters.

Schematic Diagram. I'he manual includes at least one schematic dia-
gram of the set, giving the complete cirenit. Somctimes several are pro-
vided, onc for general reference, and additional diagrams showing func-
tional gronpings something like a block diagram, or waveforms such as
would be scen in making tests with an oscilloscope.
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Tclevision schematic diagrams identify the various tubes with some
form of title to indicate roughly the function which cach performs. These
titles liclp vou recognize quickly the functions of the circuits.

Like radio schematics, television sclicmatics also identify each individual
compouent with a symbol number so that textual references can be made
and so that parts can be identified in a parts list.

Parts-location Drawings. 'Ilic manual includes one or more illustrations
showing thic physical location of the more important components. This
includes tubes; they are almost always identified by the schematic symbol
number m addition to the type number. Significant adjusters and align-
ment screws are also located.

Operating Voltages. I'hc manual shows the normal operating voltages
whiclt appear in all significant points in the circuit. These may be shown
on the schematic diagram, on a scparate drawing provided cexclusively for
this purpose, or in a table. The voltages are extremely useful in testing
defective scts. Often they permit vou to locate faulty components which
may be otherwisce difficult to find.

Circuit Descriptions. Some manufacturers provide a technical explana-
tion of special circuits in their service manuals. Usually this is done when
it is Delieved that the particular circuit is not gencrally understood, or
when it is entircly new. These circuit descriptions normally start where
the general mformation, such as is contained in this book, leaves off.

To illustrate the point, there arc many types of noisc-canceling circuits
and keved age circuits used which are very different from cach other.
Their varicty is so wide that they cannot be covered very readily in a
genceral treatment of television. The typical manufacturer is aware of this
and trics to fill that gap in his scrvice manual.

Somctimes the manufacturer will supply a special functional block
diagram for the particular sct covered in his manual, to clarify its gencral
circuitry.

Alignment Instructions. Dctailed alignment instructions arc provided
i the manual for all tunable circuits. These are usually given in a detailed
step-by-step procedure and are ordinarily comprehensive enough to permit
most scrvicemen to do a good alignment job if they have the necessary test
cquipment.

Although the step-by-step tables scem to make thic job very simple,
alignment should not be attempted without adequate equipment and not
unless vou understand that cquipment fully.

The procedure is usually broken imto three or four parts: sound (or



86 Profitable Television Troubleshooting

audio) i-f alignment, video i-f alignment, r-f alignment, and local-oscillator
alignment. The last two are sometimes combined in one table.

Of these, a radio serviceman or an inexperienced television scrviceman
will be able to do the first (sound i-f alignment) and last (local-oscillator
alignment) with little difficulty, and he can expect to get good results.
Vidco i-f alignment is more difficult and requires an intimate knowledge
of sweep-alignment equipment, while r-f alignment is most difficult and
rcquires the greatest amount of experience.

These statements are neeessarily generalitics. Some scts are so designed
that onc or another of the alignment procedures is considerably casicr,
or in special cases, particularly difficult. These qualitics prevail, not so
much because of the kind of instructions provided, but rather because of
the special design features built into the scts.

Waveforms. Because of the incrcasing popularity of the oscilloscope
as a service instrument, more recent service manuals give diagrams of
proper oscillograms which should be obtained at specific points in the
circuit.

These waveforms are of little value if vou do not understand the opera-
tion of vour oscilloscope. ‘The same signal can produce many shapes and
patterns simply by changing the adjustment of the oscilloscope. If you
know how to usc it and how to interpret what vou see, the manufacturer’s
waveforms will be extremely helpful in diagnosing difficult scrvice jobs.
You may find that you will be using this method in preference to others
(voltage tests, for example) in checking svnc or sweep-circuit operation.

Because of the increasing popularity of this tvpe of diagnosis, vou may
find it helpful, when you feel you have reached this point, to purchasc onc
of the special texts devoted to the use of the oscilloscope as a service
instrument.

If you own an oscilloscope, study its instructions and usc it as often as
you can. When you have a set in vour service shop along with the manu-
facturer's waveform data for that sct, trv them out. Practice using themy
vou will find that they will begin to take on rcal meaning.

Service Suggestions. The service manual frequently contains trouble-
shooting suggestions for the particular sct. These mav be given in table
form, through the usc of picturc-tube photographs, or by a combination of
thesc.

Some of the suggestions arc based upon the past experience of the
manufacturer with the particular set or with carlier sets using similar
circuitry and parts. These are often lifesavers in tough cases.
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Parts List. The scrvice manual contains a parts list giving the manu-
facturer’s catalog numbers for the various parts. Some manufacturers also
describe standard components fully so that you can supply vour own
substitute should vou need onc.

The catalog mmmbers are those which the parts distributor uscs to
identifv the parts; distributors rarcly, if cver, use the circuit symbol
mumbers for this purpose. Keep this in mind when vou order replacement
parts.

Fig. 4. The service manual is an indispensable tool on the service bench. It sometimes saves
hours of work in checking circuits for faults

Some parts lists include a list of prices. These may be net or they may be
list prices. In cither case, the parts distributor will probably extend to yvou
the discount which applics to the trade once vou establish vour identity as
a professional serviceman. You can learmn in advance what vonr discount
is, if any, from the manufacturer’s parts distributor from whom you may be
getting vour service manuals.

In any event, the individual who supplies the manuals is also in a po-
sition to advise vou of the discount structure or from whom that mav be
obtained. When vou find out what it is, write it down in your scrvice
manuals so that vou can compute vour costs more accurately.

How to Use Service Manuals. Scrvice manuals are uscful as basic stndy
material. You will probably find that most of them provide helpful and
interesting material. Look them over in vour sparc time. 'I'tv to follow



88 Profitable Television Troubleshooting

the circuits through and to identifv them with a basic block diagram
previously studied. This will provide excellent practice and will also give
vou a greater degree of familiarity with cach set vou studyv when vou come
across one o1 a service job.

A good rulc to follow is this onc when the circumstances permit: When
vou get a scrvice request, try to have the customer give vou the brand and
model number of his sct, or at least the approximate age of the sct. Just
before you make the call, rcad through the service manuals which you
think may apply. Then when you make the call vou will fumble less and
crcatc a much better impression than vou would if vou had to start from
scratch to figure the sct out in front of vour customer. Remember, he is
paving for vour time and he may be inwardly critical of whatever time
vou take out of actual work to study his sct. Some reference to notes will
frequently be necessary on the job but they ought to be as short as pos-
sible.

The principal use of a scrvice manual, of course, is as a guide when you
arc actually servicing a set. Usc it as much as you can.

Practical Advice. If vou comc across an obvious, sorc-thumb defect such
as a burnt-up resistor, for example, look it up on the schematic diagram.
Find out where it is located and make a mental notc of how the sct acted
when it failed. Experiences such as these, if they are thought through, will
begin to add up and will give you clues later on as to the probable circuit
involved in a defect, when there is no sore-thumb defect to flag vour at-
tention. The suggestions regarding waveforms madce above should also be
followed if you own an oscilloscope.

When making live tests of an exposed chassis, be especially carcful to
avoid bodily contact with live circuits. Television scts pack a lot more
wallop than most radio scts and call for greater care. Look cspecially for
cautionary advice given by the manufacturer in the manual.

Voltage Data. \WWhen comparing voltages with thosc given in the serv-
ice manual, always try to find out under what conditions they were orig-
inally mcasured. Wherever a specific condition is significant, this informa-
tion will usually be provided along with the voltage diagrams or tables.
The manual may tell vou, for example, that the tests are inade with a signal
tunced in, in which casc vou should try to get one before vou make vour
tests. The set may not be working in all respects but vou can, at lcast, be
rcasonably certain that vou have adjusted the pancel controls in such a
manner that a signal would come in if the set were working.

The conditions also specify the type of meter used to make the checks.
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A 1,000-ohm-per-volt, 20,000-ohm-per-volt, or a vacuum-tube voltmeter may
be called for. When no such information is provided, it is a rcasonably safe
bet that the rcadings were made with the popular 20,000-0hm-per-volt
instrument.

You mav not have all the instruments called for—a vacuum-tube volt-
mcter, for example. In that case you may read the voltage with your meter
but vou can usc it only as a rough check. The readings may not agrec,
but that should be expected. Usually, vacuum-tube voltmeters are specified
only for onc or two spccial points, so that the lack of one will not handicap
vou very much. Most data arc based on the usc of the popular 20,000-ohm-
per-volt multimeter. If you own ong, as vou should, you will be able to
usc the basic data given in virtually all service manuals.

Troubleshooting Tips. Look through the manual to see whether it offers
troubleshooting suggestions. If it docs, sce if the symptoms of the de-
fective set arc listed in the manual and follow the suggestions. When vou
do this, however, bear in mind that the manufacturer can list only a few
specific faults for cach symptom. Ilis real purposc is not so much to give
vou an inventory of possible defective components, but rather, to suggest
to vou the genceral arca in the set in which the defect can be located.

As an illustration, the following is an excerpt from an actual service
manual, and is listed under troubleshooting:

Symptom: No vertical deflection (single white horizontal line on screen).

Possible Causes:

Suggestion 1. Open deflection coil, D301.

Suggestion 2. Defective sweep output transformer, T301.

Suggestion 3. Sweep generator V109 and V110 defective, no plate voltage to V110, open
R312 or shorted C310.

By mcans of symbol numbers the manufacturer puts his finger on cer-
tain specific parts in the sct; but what he really means is something more
like this:

Suggestion 1. Inspect the circuit involving the deflection coil. It may be
open cither in the coil, in the cable leading to it, or in the plugs used to
conncct it to the chassis. Perhaps the socket into which the yoke plug fits is
loosc or is damaged.

Suggestion 2. Check all connections to this transformer. There may be
a bad conncction involved or the output winding may be shorted outside
of the transformer; the insulation on its leads may be cut or damaged.

Suggestion 3. These (items listed i suggestion 3, above) are the tubes
and some of the principal parts which are involved in providing vertical
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deflection. Many other things, however, could be wrong. The tube socket
could be bad or there could be a loose heater connection. There may be a
drop of solder shorting out some of the tube pins or a strand of wire may
be shorting sonicthing out in this circuit. Perhaps both the tube and a
resistor are bad.

Practical Use of Manuals. T'he illustration given above is admittedly a
simple one and may be quitc obvious. The point, however, is that all of
the probable causes given by the manufacturer may not suggest, just as
obviously, that there could be many other associated defects. It is a good
rule always to consider the suggestions primarily as a means of pointing
out the general arca of the defects by giving vou certain specific examples
of what might causc the problem. When components arc identified as the
possible culprits, look them up on the schematic diagram and find out
what other components are also involved, and check them.

As pointed out carlicr, the alignment data given in scrvice manuals are
bascd upon the premise that vou know how to usc alignment cquipment.
The information is usually tabular in form and explains little about the
technique. You will not learn how to align sets properly from most service
manuals. You will have to get that special information from scparate texts
on the subject and from the instructional material provided by alignment-
cquipment manufacturers for their particular instruments.

Interpreting Oscillograms. The same is cssentially true in using the
waveforms, or oscillograms, provided in the manual. Ordinarily the manual
simply expresses peak voltages and oscilloscope sweep speeds, and gives you
a picture of what the oscillogram should look like.

There is more to using an oscilloscope than simply sctting up sweep
speeds, estimating peak voltages, and looking at the presentation. To be
uscful to the uscr, the oscilloscope must be understood and it must be
studicd separatcly. Chances are you won't always get exactly the same
pattern as the manual shows anyway, because there is a fair amount of
variation from sct to set, cven of a given model, and because different
oscilloscopes act differently. The real trick in using this instrument is in
lcarming how to interpret the patterns. The service manual simply presents
basic patterns on the assumption that the serviceman who uses them is
fully familiar with the personality of his oscilloscope.
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QUESTIONS
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What is the difference between manufacturers’ service manuals and serviee
guides?

Why should the beginner avoid depending on service guides?

What arc the sources of service data? What are the advantages of onc over
the other?

What is the principal valuc of circuit descriptions given in service manuals?
How are alignment instructions usually subdivided in scrvice manuals?
What portions of the alignment procedurc call for special cquipment and
cxperienee? What portions are readily done by a television serviee beginner
with previous radio cxperience?

How should you prepare voursclf to take advantage of waveform diagrams
given in service manuals?

What meter sensitivitv may be assumed if this is not marked on voltage
charts or tables?

What arc the limitations of troubleshooting suggestions given in scrvice
manuals?
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Making Service Calls

Selling Yourself to Your Customer. Some scrvicemen find that they are
kept busy all the time, because service calls keep coming in steadily. Others
find them hard to get. Oddly cnough it isn’t always the real crackerjack
wlo gets the calls, nor is it always the relativelv green man who finds him-
self sitting and waiting for his telephone to ring. Sometimes it’s the other
way around.

'The reason is that very few of yvour customers are really able to judge
a serviceman properly in terms of his technical knowledge or competence.
Instcad, they rate a serviceman in accord with the general impression which
he creates as an individual.

Cigars Give a Poor Impression. A top-notch serviceman who habitually
is unkempt and unshaven and who carrics a chewed-up cigar in his mouth
has a tough time getting business through recommendations. 11is burden
is unnecessarily heavy; if he is really successful it is probably due to an
unusually appealing personality which offscts the initial impression.

How to Act. On the other hand, the serviceman who always looks and
acts as carcfully as if he were fixing the President’s own set makes things a
lot casier for himsclf. In order to complete a most satisfactory impression
in his customer’s mind, he has only to do the additional thing that all other
scrvicemen arc expected to do anywayv—fix the set so that it works.

Itach of his customers may really believe he is doing his neighbors a
good turn by recommending that serviceman to them. Inwardly, many of
that scrviceman’s customers may take pride in having discovered him.
That kind of advertising simply can’t be bought.

The point is that perliaps the most important thing which you have to

92
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scll is yourself. You are, in cffect, performing on a stage, except that you
dcal with vour audicnce onc at a time. During the course of cvery service
call vou arc watched most carcfully, although vour customer may not
be obvious about it and may not ceven be conscious that lic is doing so.

Personal Appearance. Your first rule should be to maintain as good a
personal appearance as vou can while you are on the job. Keep your hair
ncatly trimmed and combed and always keep well shaven. If you arc a
smoker, do not smoke while vou are working in a customer’s home, cven
if vour customer is smoking. Don’t chew gum—some people dislike the
practice intensely.

Choosing Work Clothes. If vou prefer to use some form of work clothes,
purchase several changes of one of the many styles which are sold in de-
partment stores. Get the kind that provides a matching winter jacket and
which includes a neat work shirt, bow tic, and hat. Most important, get the
kind of clothes which can be washed in a standard washing machine.
Several changes arc recommended so that vou will always be able to wear
onc which is clean and ncat. Work clothes manufacturers such as Sweet-
Orr make clothing of this sort. The work and expense of keeping vour work
clothes clean ought to be treated as onc of the necessary expenscs of your
business. You should be able to deduct these cexpenses on your IFederal
Income Tax return.

Keep Your Truck Clean. The same gencral principles hold true for your
car or truck. Kecp it washed and have unsightly dents repaired if you
should be unfortunate enough to get them. If vou have a truck, have it
lettered in as professional a manner as vou can afford.

The things which vou carry should also be kept ncat and clean. These
include vour toolbox, vour meter, and vour business cards.

Courtesy Rules. ‘I'rcat vour customers as courtcously as you can but don’t
talk too much. Don’t talk about personal things unless the customer gives
vou no choice. Don't try to impress him with how much you know or with
vour prowcess as a brilliant conversationalist. Save these activitics for your
personal associations.

There are some rules concerning courtcous and considerate trcatment
of customers which vou canmot violate without getting into trouble. Ilcre
arc some of the more important oncs:

Always keep vour promises relative to appointments. If vou find that
vou must break a promisc, telephone your customer, advise him of the fact,
offer your explanation and apology, and make another date. Don't, under
any avoidable circumstances, make vour customer wait for you in vain.
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If you give your customer a firm price to do a job—stick to it. Don’t
change your mind because vou found that you madc a mistake, unless vou
fecl that the circumstances requiring greater expense are outside the
original basis of vour agrecment. If vou find that you have lost money on
a particular job becausc of your mistake, accept the loss graccfully as your
own responsibility. There is no harm in advising vour customer of his
gain if vou make ccrtain that your explanation cannot be construed as an
attempt to gain his svmpathy or to make him fecl responsible for your
tough luck.

Don’t make calls on vour customer’s telephone, especially if the call has
no dircet connection with the customer himself. If there is need to mazke
a call on his behalf, request his permission. If it requires a toll call, request
an account of the charges from the operator, and pay that to vour cus-
tomer, or better yet, have the charges applied to your own telephone
bill.

Don’t jump to the conclusion that your customer is a regular guy and
assumc, therefore, that vou can become personal with him. If you try to
poke a little good-natured fun at him or carry on a debate with him in order
to cement relations, vou may have a rude awakening. No matter how
regular he may appear, he still expects vou to conduct voursclf as a pro-
fessional businessman, if he resembles the typical customer. e may
fecl perfectly free to excreise his humor, but may inwardly resent the same
from vou.

In short, the success of your business depends as much upon yoursclf
as an individual as it docs on the more concrete things. Don’t make the mis-
take of overlooking that fact, otherwisc you may find yoursclf sitting in
your shop and waiting for the tclephone to ring.

Your Service Vehicle. You will, of course, nced a vehicle. It may be a
passenger car, a station wagon, or a light truck. Of the three, the station
wagon is claimed to have the greatest utility for service work. Most types
offcr a large amount of load space and arc casy to load and unload.

Your Tools. ‘Ihe ordinary tools used for radio service work are nceded
for television service. These should include a quick-heating soldering iron,
and the special tools needed for antenna-installation work. The frequently
used small tools should be carried in a ncat toolbox, along with a drop-
cloth on which to place them while you are working on the sct.

It is good practice to carry a furniture touchup kit with which vou can
repair scratches, and a good grade of fumiture polish and polishing cloth.
With these vou can put the finishing touch on a scrvice job instcad of
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leaving handprints on the cabinet. Do not use the polish without asking
VOUT Customncer’'s permission.

You should carry in vour car some protective container in which you
can transport cathode-ray tubes should vou find it necessary to handle one
scparately from a chassis. The container should not only be well padded,
but should employ a soft, clean cushion on which the face of the tube can
rest without getting scratchied.

Along with vour tool kit, carry the standard tvpes of jumper cords which
can be plugged into the television chassis after vou have removed the
built-in cord. These cords are carried by radio and television parts dis-
tributors.

Carry a mirror in the car. The kind which is used in medicine-cabinet
doors is excellent and can be stored in little space. The mirror should be of
good quality, without noticcable ripples so that it can reflect an accurate
image of the television screen; otherwise it mayv be almost uscless for
adjusting lincarity.

For ordinary work, a small mirror such as is made for a ladies handbag
is hanudy to have in yvour pocket. It serves well for the adjustment of ion
traps, for example, or for making other adjustments and checks at the
back of the cabinet when only a portion of the picture need be scen.

Instruments, If portable instruments must be limited to a single one,
that onc should be a gencral-purpose 20,000-ohm-per-volt multimeter. A
sccond instrument could very well be a tube tester, to help vou find bad
tubes and to help vou sell tubes to replace weak ones which might other-
wisce not be detected. You can use the tester to good advantage by offering
to test the tubes of radio scts i the home while vou are on a televiston
job. You may be able to pick up some extra sales in this way, and some-
times some extra radio repair jobs.

There is little need to go bevond these instruments for ordinary service
work in the home. Therce is one, however, which vou may wish to consider
later. It is onc of the forms of special pattern-generators which permit you
to make accurate lincarity adjustments when no test patterns are on the
air. These generators develop bar patterns or crosshatch patterns. Scveral
inexpensive instruments of this kind are presently available.

Tubes. Carry as many different kinds of tubes used in tclevision scts as
vou can—this will more than pay for itsclf in a short time. Keep them in
a special case in the car, one which will protect the original cartons both
from dirt and damage.

The complement should be brought up to date from time to time
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to take care of new tube types as they come into use. A good guidc as to
what tvpes to carry, if vou have no past experience to help vou, is your
sct of scrvice manuals. Look up the tables showing the quantity and types
of tubes uscd in television sets and mark them down on a tally sheet. With
this information vou can make up a fairly good starting list.

You can improve on that list as vou go along if vou keep a record of
usage. Keep a card in the case with the tubes and mark down the types
as vou usc them, along with the date. You may start a new card each
month if vou choose. After three months or so, you can get an idca of
which types are simply going along for the ride and which arc in demand.
‘The stock of very slow movers may be cut down to onc or may be cut out
completely if vour records show this to be wise, lcaving more room for
new tvpes or for very active types.

It is probably unwise to carry new picture tubes on the chance that you
may nced one. There is the possibility that it may be damaged through
too much vibration. When a new tube is nceded, the price is high cnough
to warrant a trip back to the service shop to pick it up.

Ladder. If vou can, vou should carry a light ladder which you can use
for general antenna service work, even if vou decide not to do antcima-
installation work. It mav be carried on a car-top carricr along with replace-
ment antennas.

Accessories. 'I'hcre are many accessorics offered for sale by radio parts
distributors which arc natural sales items for servicemen. If you can afford
to do it vou should consider the opportunity carcfully. Among thesc are
special furniture polish, new antennas and television transmission line to
replace old ones, indoor antennas, lightning arresters, ctc.

In fringe arcas, the demonstration of a booster may result in a sale. In
other arcas, an antenna rotator may be a good sales item. During the
summer months, portable radio batteries can frequently be sold on the
simplc basis of a reminder to vour customer that he may nced onc and
that vou have some new ones in your car. Additional extension power
cords are casily sold when vou find cords in dangerous condition or when
vour customer docsn’t have cnough.

Don’t miss these bets. ‘They can add many dollars to your income over
a period of timec.

Parts. You should carry cnough of the small standard parts to take care
of simple service jobs. These should include a varicty of carbon resistors
and molded plastic condensers. It is not possible to preseribe a stock of
other repair parts because the requirements may vary widely from year
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to vear and also with the types of television receivers in yvour arca. If vou
specialize in one or two brands, however, vou may find it wisc to carry
some of the more commonly needed items for those scts.

Making Your Initial Visit. An important difference between radio and
television service is that most radio service is done in the shop on scts
which the customer carries in, whercas most television service calls are
made in the home. Conscquently, there are many radio servicemen with
little experience in this type of service call. The relationship between
customer and serviceman is entirely different.

When vou make vour initial visit to a customer’s home, be as courtcous
and considerate as vou can. Make sure that after vou ring the bell, the
customer finds vou there at the door ready to introduce voursclf, rather
than ready to walk inside. Do not enter the house until you are ivited in.

Let the Customer Talk. Before examining the television set, ask vour
customer to explain the television difficulty he is having. Have him
demonstrate the sct to vou and watch him carefully as he does so. In the
meantime, make vour own obscrvations. If he fails to mention something
which appears obviously wrong to vou, ask him whether he intended to
disregard it. You may notice bad flashes on the picture, for example, to
which he makes no reference. When vou call his attention to it, he may
tell vou that it was alwavs that way and thought it was normal in his
arca, or he may tell vou that it is caused by a ncighbor’s sewing machine.
In any event, vou can find out how he feels about the matter and whether
or not vou should consider doing anvthing about it.

Beware Ancient Troubles. Until vou have more experience, do not com-
mit voursclf to correcting the kind of problem that has existed for some
time—there mav be little if anyvthing that vou can do about it. Try to
confine yvour immediate work to the particular problem which has just
recently developed and about which he called vou. Keep the others in
the back of vour mind and sce if you can solve them as vou go along.

When vour customer is through cxplaining the difficulty, check the
sct over. ‘Tune in the various channels and trv the set out. Sce if anvthing
about its faulty operation is suggested by the way it acts when you operate
the controls.

‘Then, when vou are satisfied as to the nature of the problem, tum the
sct away from the wall, lay out vour tools on a dropcloth and remove the
back.

Removing the Back. Before removing the back completely, disconmect
the antenna wires so that they will not interfere. ‘T'hen, holding the back
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in place with onc hand, remove the screws with the other. ITold the back
firmly in place until both hands arc free to take it out of the way. The
reason for this precaution is to prevent accidental damage to the cathode-
ray tube. In most sets, the base of the tube extends into some form of
compartment in the back cover (to keep the cabinet as shallow as pos-
sible). An example is shown in Fig. 1. H the back is penmitted to drop
straight downward it may strike the tube base and break the neck.

When the back is out of the way, put the antenna leads back in place
and comncct power into the set by means of vour own power cord if
neeessary.

Fig. 1. A typical cabinet back showing the extended compartment into which the picturetube
base projects. (General Electric photo)

Prefiminary Checks. After the set has wanmed up, look to sce if there
is anything obviously wrong. If vou arc not familiar with the sct do not
get vour hands into any blind spots where there might be exposed terminals.

Sec if all tubes are lit. If any of them appear to be gassv or otherwise
suspect, get the proper types from vour car. Use the idecas given in the
chapter on testing and replacing tubes. According to most authoritics on
the subject, this will take care of about one out of three problems. They
cstimate that well over 30 per cent of all service calls are due to faulty
tubes.

High-voltage Compartment. Thc horizontal sweep and high-voltage
rectifier tubes are almost always enclosed in a shiclded compartment. 1f
vou have reason to suspect one of those tubes, open the compartment and
check them. Some sets use a power interlock on the compartment so that



Making Service Calls 99

vou cannot operate the set when it is opened. If this is true, and the
interlock acts to remove the power cord, vou can plug vour own cord in to
operate the set with the compartment open. Do this only to permit vour-
sclf to watch the tubes in operation, for light, for flashovers, or for gas.
Do not put your hand inside while power is on. NMost of these com-
partments contain exposed terminals and there is danger of getting a pain-
ful shock.

Don’t Burn Your Fingers. Bcfore tryving to remove a tube, touch it care-
fully to sce how hot it is. Some tubes get much too hot to touch and will
buru vou if you grasp them with vour bare hands.

Fig. 2. Removing the horizontal sweep tube from a chassis. This tube olong with the high-voltage
rectifier and damper are usually located within a cage similar to the one shown

Don’t Brag Too Soon. If cvervthing appears to be normal and the com-
plaint suggests a possible defect in the antenna svstem, trace the trans-
mission linc as far as you can, and sce if you can find any breaks or poor
splices. Look particularly in corners, where chair legs can damage the
line, and under windows. If you find a break, repair it before you tell the
customer that you found the difficulty, to avoid the possibility of looking
a little foolish. You may be embarrassed to find that the break has only a
sccondary cffect on reception and that its repair does not solve the problem.

To illustrate the point, it is not uncommon for servicemen to find
breaks in anteuna systems which are quite old. Sometimes the break simply
reduces the quality of the picture but not cnough for the owner to call a
serviceman. ‘T'he owner may attribute the change to some other cause in
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the locality. Not until the sct fails in some other respect, and repair is
obviously neccessary, is the break discovered but its repair does not solve
the immediate problem. When the television repair is completed and the

Fig. 3. A typical single-unit television receiver chassis. The picture tube is shcwn in phantom to
let you see the entire chassis. The high voltage cage is at the left rear. The tuner unit is at the
right front corner. You can see a pair of selenium rectifiers behind the tuner. These provide low
voltage d-c for the set. (General Electric photo)

antenna system s also repaired, the owner will be pleased to find that his
set 1s once more operating like new:.

Removing the Chassis. A typical television chassis is shown in Ifig. 3.
The cathode-ray tube is mounted right on the chassis so that the entire
assembly is handled as a single unit. The ordinary table model or television-
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only consolc set cmploys only this main chassis and a spcaker, the latter
usually being separately mounted and connected to the main chassis by
means of a pair of leads and a plug.

Combination scts which may include a-m, f-m, and phonograph nor-
mally employ the manufacturer’s basic television chassis plus the other
units. T'hey are interconnected by means of cables. The television chassis
offers the only new problem to radio servicemen; the phonograph and
radio units require no special techniques in their removal.

Study the Set First. Before attempting to remove the television chassis,
look it over carcfully if vou are not familiar with it. Locate all lcads which
connect the chassis to the other units or which are fastened to the cabinct.
Disconncct the plugs and free the leads so that they will not interfere with
removal.

Sce if there is anv form of mounting device which holds the cathode-
ray tube to the cabinct. Some manufacturers use devices to hold the tube
rigidly in place during shipment. One type of mounting employs a stecl-
cable hamess which fits around the bell of the cathode-ray tube and is
bolted to the front pancl of the cabinet at cach side of the tube. Release
whatever mountings vou find except those which hold the cathode-ray
tube onto the chassis itsclf.

Speaker Removal. If the speaker is in such a position that it may
mterfere with the removal of the chassis, take it out. Make sure that when
vou get around to pulling the chassis out, there will be no bottlenccks, be-
causc the chassis with its tube is a fairly heavy and cumbersome thing
to handle.

Knobs. Remove the knobs. They are similar to radio knobs in that most
of them arc push-on tvpes. Make certain that the knobs of concealed
controls (if such are provided) arc also removed, unless vou know for
certain that they will not interfere with removal.

Chassis Bolts. Turn the cabinet around so that vou will have ecnough
room to withdraw the full chassis and its control shafts without bumping
mto things. Finally, remove the chassis bolts. Before yvou pull the chassis
out, make a last quick check to make certain that the sct is free to come
back. Pull it back carcfully an inch or two to sce if anvthing is binding.

How to Lift the Chassis. When vou are sure it is free, stand behind the
chassis and grasp cither side firmly and fairly well forward, because much
of the weight is usually ncar the front where the heavy structure of the
cathode-ray tube is located. Have vour dropcloth ready on the floor, and
pull the chassis out, using one knce to support part of the weight as
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shown in Fig. 4. Then sct it down on the dropcloth from which point you
can tip it as vou nced to and figure out cxactly how vou will carry it out to
vour car, if that is nccessary.

If it is a simple matter to connect the set so that it will work on the
floor, vou may want to do that. You can check its operation in that posi-
tion and look for possible causes for its improper performance which were
not as casily checked in the cabinet. You can also inspect the inside of
the chassis for obvious defects which may permit vou to fix it right on the
spot.

|
)
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\

Fig. 4. Handling a chassis as it is withdrawn from a cabinet. The hands are well forward to
support the heavy front end and much of the weight rests on the thigh. The tube neck is kept
clear of the body to avoid damage

Cleaning the Glass. If vou arc lucky cnough to find some obvious de-
fect and to get the sct in working condition, do not put it back in the
cabinet until vou have thoroughly cleaned the face of the cathode-ray
tube and the inside of the safety glass. This alone will usually make a big
difference in performance because cathode-ray tubes collect dust on their
faces to an alarming cxtent and reduce brightness considerably.

Explain to the owner that all scts gather this dust because they are
powerful dust magnets. ‘The high voltages used in the sct make it act as a
dust precipitator and it attracts dust at an astonishing rate.

Usc a little mild face soap and a soft cloth to clcan the tube and the
glass, and wipe them dry. Then you can put the set back.

Taking the Chassis to Your Shop. If the defect is not obvious when you
look the chassis over, tcll the customer that vou will have to take the
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chassis to vour shop. Some sclling may be required to get his O.K. but
vou will want to do that on vour first jobs and until you have more cx-
perience; vou will be able to do a much better job on your own work-
bench, at least for the first few months of television service work.

If the set is a combination unit or one which employs more than onc
chassis, do not try to sct it up in working condition on the floor. You can
look for obvious defects, but yvou will probably not want to go further.
Assembling the units is often an awkward operation which you can per-
form much more comfortably in vour shop.

If vou do decide to take the set to vour shop, take all units except the
phonograph. Usually the cable system is so interconnected between units
that you will not be able to operate one unit without the others. In
addition, the amplifier and speaker will probably be shared between radio
and television so that there would be appreciable difficulty in trying to
opcrate the television unit without the other chassis.

Handling the Chassis. Before vou carryv the set out, tag it with the
owner’s name, address, and telephone number and mark down the date of
promises which vou made about contacting him. Tice the tag sccurely to
the chassis.

Make room in vour vehicle for the chassis and leave the doors open so
that vou can carry the chassis directly to it and sct it in place. 1t may grow
heavier as vou carry it out!

When vou pick up the chassis, be especially careful not to tip the
cathode-ray tube forward. With some sets the cathode-rav tube can slip
out and fall.

Be carcful of the control shafts. 'Ihey are not only longer than most
radio control shafts, but they are sonictimes more fragile, particularly dual-
control shafts. Because they are longer, they are more casily bumped and
broken. The problem is all the more difficult because of the larger size
and greater weight of the television chassis. Don’t use the control shafts
as carrving handles!

When vou carry the chassis so that the adjusters at the rear arc against
vour body, vou mav upsct their settings materially. This is not as im-
portant on the way to vour shop as it is on the way back after repair, be-
cause vou will then have to spend the time to set them up again. 1f they
arc fairly short, as they usually are, a strip of masking tape placed across
the back of the chassis and over the shafts will keep them in position.

Car-upholstery Hazards, If vou must carry the chassis on the scat of a
passenger car, be particularly careful to avoid damage to the under-chassis
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components. The weight of the chassis may cause the upholstery to bulge
up into the under-chassis space and to hammer at the components as you
ride over bumps. This can make an extremely interesting service job out
of a simple onc. 'I'hc solution is to use a solid panel of wood or heavy
corrugated board as a platform on the cushion.

It is a good idea to take the control knobs with vou because this will
make it casicr to tumn the special concentric shafts. Keep them in a hard-
ware bag tied to the chassis so that vou won't lose them and won't leave
them Dbehind when vou return the set.

Fig. 5. The proger way to carry a picture tube. It should not be carried by the neck

Handling Cathode-ray Tubes. Cathodceray tubes are breakable, ex-
pensive, and dangerous, and must be handled with great care. There are
three wavs in which they can be damaged through handling. The viewing
screen can be scratched, the tube base broken, or the glass envelope broken.

Breakage. 'The most common manner in which cathode-ray tubes arce
broken is at the neck. The very nature of the tube is such that this neck
is vulncrable to accidental blows. The tube should be carried by the
Dell rather than by the neck, as shown in Fig. 5, making certain that as
vou carry it the neck is kept from hitting anyvthing.

You should be carcful when vou carry television chassis with the tube
in place, to make certain that the focus magnet is securcly in place. 1f it is
permitted to bump around loosely it can easily break the tube. You should
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also place the chassis so that the tube base is in the clear and not up
against a solid object in the car.

When transporting the tubce itself, cmploy a padded container such as
was suggested carlier.

A dcfective tube should not be discarded in a public facility without
destroving it; otherwise it may represent a serious hazard to children or to
persons who are not aware of its implosive possibilitics. When a cathode-
ray tnbe breaks it is capable of violently scattering glass fragments which
C41l CAUSC SCVCFC irjury.

Fig. 6. Using o screwdriver to pry a stubborn sccket off the picture tube base. This method is
especially recommended if the tube base is loose

Many tubes can be traded in to vour tube supplier for salvage of the
glass. 1le may also accept the worthless ones to scrap in a safe manner.

Scratches. 'I'hc face of the cathode-ray tube is made of fairly soft glass
and is casily scratched. The weight of the tube, when it is placed face down
on a dirty surface, may grind abrasive dust particles into the glass and
scratch it. "T'his is not only dangerous in that it may sct up a weak spot in
the tube, but it is also destructive in itself. One or two prominent scratches
in the center of the sereen (where the scratches will occur) can spoil the
picturc.

Avoid placing the tube face down on any hard or dusty surface. Place a
soft cloth or some facial tissues under it when vou rest it anvwhere.



106 Profitable Television Troubleshooting

When vou remove the tube from a cabinet or chassis in a customer’s
llome, vou may be tempted to rest it cither on the rug or an upholstered
clair. 'The rug should be avoided because it probably contains abrasive
particles, if for no other reason. Most upholstered furniture may offer
good protection but the tube will invariably come out with a healthy
coating of black dirt which will soil the furniture. Your best bet is to place
a few tissues or a clean soft cloth on a rug in a safe spot before you remove
the tube and then to place the tube face down on that pad. Be carcful not
to dislodge any dirt from the tube where it can soil anvthing.

Fig. 7. Cleaning the screen of a picture tube. All tubes callect a heavy coating of dirt which
must be washed away. It is wise to do this in your shop when you have the set there so that
you need only wipe it clean of fingerprints when you return the chassis

Removing Cathode-ray Tube Socket. A cathode-ray tube is easily dam-
aged if the base 1s loose. Never trust it—Dbe on the safe side. When vou
remove the socket from the tube, pry it off carcfully, as illustrated in
I'ig. 6—don’t try to rock it off while pulling unless the socket slips off very
casily. Be especially carcful if vou find that the basc is actually loosc.

Returning the Set. After vou have told the customer what the repairs
will cost and he has agreed to them, complete the repair and arrange an
appointment to rcturn the sct. It 1s a good idca to do this formally so that
the customer will know vou arc coming and will have the money ready.

The chassis should have been thoroughly cleaned and adjusted as well
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as possible without the cabinet so that vou will spend as little time as
possible in getting it in order. Replace the units in the cabinet in the
reverse order in which vou took them out. Clean the inside of the safcty
glass before vou put the television chassis in.

Putting the Chassis Back. \When vou replace the tclevision chassis,
make certain that it is pushed well forward so that the cathode-ray tube
fits snugly against the mask. Also makce certain that the tube is properly
centered in the mask before vou tighten the bolts. 'T'he same is true of the
station-sclector shaft; it should be centered within the channel markings,
if these are on the cabinet, to make certain that the index will read
properly.

After vou are finished, try the set out and make whatever centering,
focus, ion-trap, and other adjustments arc nceded to provide proper rc-
sults. Then let the customer try it to sce how it works before he pays vou.
IMand him vour itemized bill as soon as vou have gotten vour tools together
and arc ready to leave. If the set is working properly, vou should have no
difiiculty in collecting vour fec.

Final Cleanup. Little cxtra scrvices help to make a satished customer.
If you have gotten fingerprints on the cabinet, wipe them off. If vour
customer approves, vou may go over the cabinet with furniture polish.

When vou leave, let the customer know that vou were pleased to have
been called and that vou tried to do the kind of work which would lcad to
other recommendations. This simple suggestion may be all he nceeds to
take the initiative and reccommend vou to his friends.

QUESTIONS

1. Statc ten rules which vou think a serviceman should adopt in making home
calls.

2. \What standard parts items should be carried on service jobs?

3. What precaution should be observed in removing the back of a television
set?

4. \Why do cathode-rav tubces collect an unusually high amount of dust?

5. Why is it important to take all units of a multichassis sct to the scrvice
shop?

6. \What general precautions apply to the carrving of a television chassis?

7. State the three ways in which a cathode-ray tube can be damaged through
carcless handling. Tow can damage be avoided?



{

Testing and Replacing Tubes

Life Expectancy. You mav be surprised to lcarn that the lifc expectancy
of a tube is poorest when it is brand-new. This may be truc because so
many tubes fail for rcasons other than simply wearing out. A lead may
open, clements may become loose or short together, gas may be given off
from one of the heated metal parts, or air may scep in through one of the
metal-to-glass scals such as at lcad wires. Most of these defects, if not all,
arc bomn with the tube. A few may not show up until later; most of them,
however, will show up rather carly in the life of the tube.

Once a tube has been operated for awhile without trouble it is a good
bet to keep going for a long time. This is especially truc of those tubes
which are operated at plate currents well below their ratings, as many
tubes arc. T'ubes used as sweep output, damping, power amplifiers, and
power rectifiers are normally operated ncar full ratings, consequently have
a limited life; they actually wear out or lose some of their emission after
two or more vears of steady use, depending upon cxactly how much they
are uscd.

Picturc tubes also begin to lose brightness after extended usc and may
become fairly dim as they reach the last mile. It is difficult to give hours-
of-usc because so much depends upon how brightly the tube is normally
sct, the tvpe of tube, hours of use, and other variables. Experience scems
to bear out that about 3 or 4 vears of normal use can be expected.

New-tube Failures. A brand-new tube taken right out of a carton is the
poorest insurance risk so far as expected life is concerned. This is not to
say that the quality of new tubes is poor; it is, as a matter of fact, sur-
prisingly good when modemn tolerances and tube complexities are taken

108
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into account. There is a percentage of inherent weakness, howcever, that
cannot cconomically be forced into cvidence in the manufacturing and
inspection process, but which shows up after relatively short usc.

‘The warranty offered by tube manufacturers protects the purchaser in
that it offcrs a new tube for one which fails within a reasonable time, but
the failure can usually be discovered only by a serviceman.

Do not be surprised, therefore, if a new tnbe fails soon after it is put
mto service. Don’t assume that a tube is good because it is new. If you
replace all tubes in a set at once there is a fair chance that one of them
may fail rather quickly, or may fail to operate properly from thic outsct.

In order to keep the odds in vour favor, replace tubes only when they
arc bad; don’t replace them simply because they are old, wlhen they test
well and perform properly. When you test a tube by substitution, and find
that it is O.K,, put the original back in the socket.

How Tubes Fail. There arc three distinet classes of tubce failures in
television sets, and cach requires a different method of checking. The
classes arc: outright failures, imperfect tubes, and tolerance failures. The
outright failure is the dcad tube, with an open filament, broken glass,
broken internal lead, or permanently shorted clements. The imperfect tube
is onc which may check well in a tester but which is noisy, microphonic,
or intcrmittent in operation. A tubce classified as a tolerance failure is onc
which may test properly in virtually every respect but which fails to work
satisfactorily in a circuit which is critical.

Outright Failures. These tubes are casiest to locate because they are
dcad. Somctimes you can spot them simply by looking at then, sometimes
by feeling them (they may be cold), and they will almost invariably show
up as bad on a tube tester. The circuit information given in a later chapter
will help you narrow down the list of suspects out of the total tube com-
pliment by obscrving and interpreting the symptoms of faulty operation.
Dcad tubes arc casy to find.

One of the valuable things which vou will lcarn is that a dcad tube
docsn’t always mecan a decad sct. If the tube is a svnc amplifier tube, for
example, the set may work perfectly well except that it is difficult or im-
possiblc to keep properly synchronized. There are other relatively minor
conditions which mav be the result of a completely dead tube.

Finding Open Filaments. If a tubc lias an open filament, it will not light
nor will it heat up after the other tubes have become warm. When you
turn the sct on, sce if all the tubes are lit—vou may spot a dead onc im-
mediatcly. If it is hard to scc the tubes, let the set run several minutes, then
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turn the sct off and fecl cach onc. If vou fecl a cold one, try a new onc in
its placc.

The heater of the picture tube is sometimes hard to see, but the warmth
can be felt at the glass ncar the tube base after several minutes of running,
if the heater is good.

High-voltage Tube. An cxception to the no-heat method of attack is the
high-voltage rectifier tube, most often located in a shiclded high-voltage
compartment. This tube employs a low-power, directlv-heated filament
which gives off little heat, and which is almost alwavs hidden from view by
the plate structure within the tube.

When this tube is bad, however, the screen of the picture tube will not
light up. Thus, there 1s no need to check it unless the picture tube is
dark, in which case the check can be most casily made by simple sub-
stitution.

Checking Filuments with Ohmmeter. If vou think the filament of this
tube is open (or of any other tube, for that matter) and vou do not have
a similar substitute to trv out, remove the tube and check the filament or
heater with vour continuity checker. Most manufacturers show all pin
numbers on their schematic diagrams so that vou don’t have to remember
the filament pin numbers nor will vou have to have a tube data book handy.

If vou don’t have any pin number data, simply put one test lead on pin
1 and test for continuity to every remaining pin, one at a time; then start
with pin 2, and so on, until vou have gone completely around. In the
process yvou will have checked every possible heater connection at least
twice and if nonc of them shows continuity, the filament is certainly open.

Two-filument Tubes. You must be carcful not to consider a tube good
so far as the heater is concerned if vou get a continuity reading, because
some tubes have two heaters, both of which must be good for the tube to
work. They arc among the 12-volt tubes, starting with the number 12 in
therr type designations (like the 12AT7), and having mmiature 9-pin
bases. Manvy of these tubes have three terminals (4, 5, and 9) which should
show continuity to cach other. In gencral, 6-volt tubes (starting with the
number 6 in their designation), picture tubes, and high-voltage rectificr
tubes have onlv a single filament.

Of course, if von do not get any indication of continuity, the tube is
definitely open and vou should replace it

It is probably casicr to carry with vour tube kit once of the handy pocket
guides for radio and tclevision tubes because it will show you cxactly
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what kind of filament arrangement is used with cach tnbe tyvpe and to
which pins it is connected.

Series-string Tubes. '1hc practice of checking heaters for continuity is
particularly helpful when you have an open heater in a television set of the
transformerless type. In this type of sct, the tubes are connected in serics as
in an a-¢/d-c radio set. When one heater opens np, the rest of the tubes
in the string also fail to light.

A typical transformerless filament wiring circuit is shown in I'ig. 1.

Generally, at least two separate strings are used so that roughly half the
tubes of the sct fail to light when one of the tube heaters opens up. If
you notice this condition (several tubes unlit), check cach unlit tube
scparatcely for heater continuity or by substituting them onc at a time until
vou find the bad onc.
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Fig. 1. Schematic diagram of a typical series filament circuit

Picture-tube Filament. The cathode-ray tube is usually in serics with both
strings of tubcs, because it requires twice the heater current needed for the
smaller tubes. Thus, all tubes fail to light when the heater of the cathode-
ray tube opens. If vou see that none of the tubes light in a transformerless
set, check the cathode-ray tube heater. Remove the socket and check the
tube for continuity between pins 1 and 12 (the heater pins for standard
cathode-ray tubes).

Shorted or Gassy Tubes. The heater of any tnbe mayv light up or the
tube may get warm, and yet it may be in the dead classification. It may
have an internal short, it may be gassy, or it may actually contain air duc
to a small crack in the glass.

There is no way to see an internal short in a tube. You will have to
learn that the tube is dead cither by checking it in a tube tester or by
substitution.
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Gassy tubes arc usually casy to spot. They often glow with a violet
lhaze which looks like an illuminated fog within the tube, being most
brightly illuminated within the elements of the tube. Such tubes may work
badly or not at all.

Do not confusc a gas condition with the conmmon violet fluorescent
glow which scenis to be on the surface of the glass of certain tubes when
they arc in usc. This is nornnal and is in no way an indication of gas.

Picture tubes sometimes fall victim to gas; the glow can be scen in the
neck of the tube, near the base.

Cracked Tubes. Tubces containing air will, of course, be dead; they will
not light up visibly (the air prevents the heater from getting red-hot)
but they can get warm. If vou sce such a condition, i.c., tube is warm but
does not appear to be lit, check the tube in a tester or by substitution.
‘I'here may be a crack in the glass where vou can’t sce it. Often such
cracks occur in miniature tubes on the bottom of the envelope, between
tube pins.

Imperfect Tubes. Tubes with partial failures are sometimes hard to
locate in a sct, particularly if they arc intermittent in operation. It may
be neeessary to substitute new tubes once at a time and to run the set for
awhile with cach new tube, until the culprit is found—if it is indeed a
tube. Intermittent tube failure is rare, fortunately, and nced not be given
morc than a mention here to point out that tubes can fail in this manner.

Intermittent Filaments. ‘I'hcre is onc type of intcrmittent tube con-
dition which docs show up on occasion. This is an intcrmittent heater
condition. The heater of the tube lights up for a short time, then goes out,
after which it lights up again and so on. Usually the cffect repeats itsclf in
5-sccond to l-minute intervals.

'The condition can often be spotted without even turning the sct around,
because its cffect is usually a gradual fade-out and fade-in of whatever
symptoms it causes. The sound may gradually dic out, or the picture may
slowly fade away, or sonicthing clse may happen slowly, after which things
fade back to normal. The defective tubes can ordinarily be spotted by
watching all of the tubes to sce which one is acting up. You can also do
the job by substituting tubes, one at a time if you prefer.

In scries-heater circuits, a whole group of tubes may light up and then go
out, in which casc vou will have to locate the onc of the group which is
the cause. In this casc, substitution is probably the simplest way to locate it.

Intermittent heaters do not alwavs produce a fading-out cffect in the
operation of the set. If the bad tubce is in an oscillator circuit, for ex-
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ample, the oscillator will suddenly stop at some point as the heater cools
and, just as suddenly, will start np again after the heater starts working.

Noisy and Microphonic Tubes. 'Tlicse causc trouble as the result of
mechanical vibration. Fither the clements are caused to short together
when the tube is vibrated, or the circuit in which the tube is used is so
critical that the verv movement of the clements causcs trouble, even when
they don’t short.

The vibration which makes the tubes act up may be caused by the
speaker, by someone walking near the set, or by some other, less obvious
disturbance.

The simplest casc of noisc or microphonics to recognize is the one
which causcs trouble in the sound, because vou can hear the result. The
microphonic tube may cause the set to howl, while the noisy tube may
causc it to give forth with a loud crackling, sputtering, or clicking noisc.
In cither case, bumping the cabinet with the heel of the hand will usually
causc the tube to act up. The noisc or howl may be started, stopped, or
otherwise changed as the cabinet (or the chassis) is bumped.

Tapping Tubes. 1hc best way to locate the offending tube is to tap cach
onc carcfully while the set is running, in the mcantime listening for a
rcaction to that tapping. In the case of microphonics, tapping the offend-
ing tube will cause a decided bong in the speaker, just as though von were
hitting a drum. A noisy tube will usually produce loud clicks, buzzes, or
crackling in the speaker as you tap the tube.

The tubes should be tapped firmly but not so hard that vou will dam-
age them. You can tap them with the craser-end of a full-length lcad
pencil, or with the wooden handle of an average size screwdriver, but
never with a metal instrument. If vou usc a screwdriver handle, be careful
not to strike the tube too hard or vou may damage it. A good idca of how
much force to put into tapping is to usc vour knuckles as a guide; try
tapping vour cxtended knuckles with the instrument vou intend to usec.
When it just begins to hurt, vou are tapping about as hard as vou should.
This should be hard enough to reveal a noisy or microphonic tube.

Flashing Pictures. Noisy or microphonic tubes in circuits other than the
sound arc almost as casy to locate except that vou must watch the pic-
turc while you tap the tubes so as to sce the cffect. These tubes cause
many kinds of cffects but they all have one thing in common: the cffect
is responsive to the tapping.

A noisy tube, for example, may annoy your customer if it causcs the
picturc to flash violently when the sound volume is above a certain point,
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or when someone walks across the floor. You may spot the condition as
indicative of a possible noisy tube if, at very low volume, the picture is
good but starts to flash when the volume s turned up, or if it flashes
whenever you bump the cabinet with your hand.

Fig. 2. Noise bars caused by thumping a microphonic video tube. (General Electric photo)

Instcad of flashing, the synchronism may momentarily fail or the pic-
ture may devclop horizontal bands like those shown in Fig. 2, or its
cdges may weave sideways as shown in Fig. 3, cansing the scene to hula-
hula. Any of these cffcets can be the result of a so-called noisy or micro-
phonic tube so long as the cffect appears as the result of mechanical vi-
bration.

Fig. 3. Weaving caused by thumping a microphonic sync amplifier or horizontal sweep circuit

tube. (General Electric photo)

To check the tubes, tap them one at a time as described above and
watch the picture. If the effect occurs cach time you tap the tube, it is
almost a ccrtainty that the tube is bad.
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Entire Set Seems Microphonic. In somc cases, a sct may act as though
it lias a noisy or microphonic tube, and one tnbe may even appear to be
bad because the cffect appears whenever vou tap it, vet the trouble may
be something clse. You may discover that after vou pnt in a new tube,
it also appears to be noisy. ‘This may happen when the tube socket is bad
or when something very close to the socket is loose or shorting. Fortunatcly,
this docs not happen too often, but when it docs, it may display all the
symptoms of a noisy tube, except that a unew tube will not cure the
condition.

Frequently, a st with a noisy tube is so scnsitive to vibration that it
acts up when vou tap almost any tube or jar any part of the chassis. When
this is the situation, turn the volume down and tap cach tube extremely
lightly, in the meantime making certain that vou remain ahnost motion-
less, except for the tapping. ‘I'ry to find the tube which acts up with the
lightest tap. If the noisc is in the sound, vou will, of course, need to have
the volume high cnough to hcar the set, but keep it as low as vou can.
If the speaker causes difficulty cven at low volume, cither remove the
speaker from the cabinet, or connect the set to another speaker outside
the cabinet, so that its vibration will not be transmitted to the chassis.

Locating Gassy Tubes. A tube will not alwavs he dcad as the result
of gas. As an cxample, a video i-f amplifier tube with gas may work well
when the set is first turned on but mav begin to cause trouble after 5,
10, or 15 minutes (or even more) of operation. The picture may increasc
in contrast very gradually until, at last, it is so high that it cannot be cor-
rected by the controls of the sct.

A vidco amplifier tube with gas may cause the picture to appear “washed
out” or may cven cause it to become negative (whites become black and
vice versa).

Frequently, cases such as this are the result of small amounts of gas in a
tube, so small that the gas cannot be seen as a glow. The best way to
scarch for the tube is by substitution, giving the new tube time to heat
up (if the original cffcct is one which takes several minutes to appear).

Tolerance Failures. Tolcrance failures are the most difficult to locate
because there is nothing fundamentally wrong with the tube. A tube
checker usually will show it to be good and if vou trv substituting, the
new tube may also fail to operate properly in the same socket.

The reason for this is that all tubes have manufacturing tolerances
in almost cvery characteristic, while some of the characteristics arc not
standardized at all. When a circuit is fussy or rclies upon one characteristic
very heavily, it is possible that a suitable tube may be found only by selec-
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tion. You mav have to trv out scveral before vou find one that suits the
circuit properly.

Fortunately, all television tubes and circuits are not this temperamental.
There arc only certain ones that arc. Some of these are listed in Table 1
and arc explaied in more detail in the following paragraphs.

Table 1. Circuits Which Frequently Require Selected Tubes

Cireuit Explanation

R+ cmplifier In low-signal areas different tubes may make a big difference
in gcin—particularly in high channels (7-13).

Local oscillator Some tubes refuse to oscillate in high channels. Some tubes are
microphonic, particularly in high channels.

Vert.zal sweep amplifier Some tubes will not provide good size or linearity. Some cause
a white fold-over line in the picture.

Horizontal sweep amplifier Some tubes will not provide good size or linearity. Some pro-
duce a black river in the picture.

Hor:zontal damping tubes Some tubes will not provide good horizontal linearity.

Horizontal sweep oscillator Some tubes are cranky oscillators and do not start easily.

Vacuum-tube “Prima Donnas.” ‘Iable 1 lists the circuits which arc most
frequently temperamental so far as tube sclection is concerned. One of
these circuits may be so critical in a particular television set that as many
as half a dozen tubes may have to be tried before a satisfactory onc is
found.

‘T'he list is intended to cover most of the critical circuits in all types of
receivers. ‘The problem is more likely to be observed in older television
sets. ‘1'he circuits are not critical in all sets; if a ccrtain modecl turns out to
have a critical circuit, that circuit may be critical in only some of the
sets.

Critical circuits such as this arc often duc to what engincers call the
pile-up of tolerances. Every component used in manufacture is subject to
variation. Resistors and condenscrs, for example, are not expected to be
of cxact value. Instcad, a range of variation is permissible. Resistors are
specified with 5 or 10 per cent tolerances; condensers may have even wider
tolerances. Vacuum tubes also have a tolerance figure for most of the
characteristics such as capacity, mutual conductance, ctc.

Ordinarily, this causes little difficulty because the variations tend to
average out. In some cascs, however, the tolerances pile up by coincidence.
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Most of the components turn out to be in crror in the samce direction, so
to spcak. The result mayv be a critical circuit.

In other instances, critical circuits may be the result of receiver de-
sign; a circuit mayv depend very heavily on a certain characteristic of the
tube which it uses, whercas many tubes of the same type do not mect
the circuit needs i that particular respect.

Some circuits and tubes arc critical by their very nature and there is
little that the manufacturer or serviceman can do except to sclect tubes
when this is necessary. This is not unusual in high-frequency oscillator
circuits.

R-F Amplifier. T'hc rf amplificr is often critical so far as the tubc is
concemed, Usually this is not important where the television signals are
modcrately strong. It becomes noticeable when the signals are very weak,
as in some fringe areas.

Under these conditions, vou can try a handful of tubes in the r-f am-
plificr and find that some of them will be quite poor whereas others will
be hot. By this simple process vou can do much to bring up the signals
in a set which is used for long-range reception, and cspecially when the
higher channcls are involved.

The extent to which this will work depends upon the design of the
recciver and the type of tube used in the r-f amplificr. Some scts are
greatly influenced by changing the tube while others appear to be almost
immunc to the changes. In any event, when vou're up against very weak
or snowv signals it is worth trving. If vou dont get a pronounced im-
provement, put the original tube back.

Oscillator. Local-oscillator tubes arc somctimes sclective for onc of two
reasons. 'T'he first is failure to oscillate and the other is microphonics. When
the oscillator fails to function, the set is dead. When the tube is micro-
phonic, the set may howl. This type of microphonic condition, incidentally,
is limited to split-carrier scts; it does not occur in intercarricr sets.

If vou comc across a sct in which the local oscillator is dead, don’t look
for a circuit defect before vou consider the possibility of tube sclection.
This is particularly truc if the set works well on some channcls and cuts
out on others. Most frequently, the low channels will be good and oscil-
lation will stop at channel 7 or higher. ‘I'rv substituting a new tube for
the oscillator.

Trv several tubes, not just one, if the first substitute fails to work. If
vou arc really skeptical of the set and belicve that there may be some-
thing basically wrong, trv ten or more tubes if vou have them. If the set



118 Profitable Television Troubleshooting

works with only onc or two of the tubes, there is probably somcthing
wrong. If it works with, say, threc out of four, the sct may be assumed
to be normally selective in this respect.

It is good scrvice practice to reach this conclusion after such a test and
to consider the repair completed. To protect your reputation you should
advise vour customer of what you have done and point out that the set
will probably continue to operate satisfactorily. Point out the possibility
that something may be wrong in the set which will again causc the same
failurc. If this happens, vou will have to remove the chassis and test care-
fully. Your customer may insist that you make this double check im-
mediately or he may prefer to take the fairly certain chance that the
trouble is cured. The latter is usually his preference becausc it will cost
him less if the new tube continues to operate satisfactorily.

Microphonic oscillator tubes are common to split-carricr scts. They cause
a howl in the audio system when the volume control is turned up. This
is an out-and-out case of tube sclection. You may have to try scveral be-
forc vou find onc which docs not howl. Some manufacturers provide a
heavy lead jacket for the oscillator as a repair part to stop microphonics.
If vou cannot find a tube that doecs not howl try an antimicrophonic
jacket.

Vertical Sweep Amplifier. Vertical sweep amplifier tubes are sometimes
sclective because normal variations in characteristics can affect the vertical
sweep very noticeably.

When vou have a sct which has poor lincarity or poor picture height,
don’t look for a component defect until you have tried at least one or two
new tubes. Each tube will produce different lincarity, at lcast to a small
cxtent. ‘Trv adjusting both height and lincarity with cach tube change.
If nonc of the tubes produces acceptable results you can then feel fairly
certain that the trouble lies clsewhere.

Sometimes, the vertical sweep amplifier tube produces another cffect
which can be cured only by tube replacement. That cffect is called a step
in the sweep; it appears as a brighter horizontal line across some part
of the picture. If vou sce such a line, vou can identify it as a tube prob-
lem in two wavs. Iirst, the linc appecars whether vou are tuned to a
station or not, just so long as vou scc a raster. Sccond, the linc remains
in about the same position on the screen even when you change vertical
speed to make the picture roll. Either of these obscrvations is cevidence
that the line is caused by the vertical sweep amplifier tube.
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Horizontal Sweep Amplifier. The horizontal sweep amplifier tube, like
the vertical, may be selective so far as size and linearity are conceried.
Before looking for defects in a set which has insufficient horizoutal size
or poor horizontal lincarity, trv onc or two new tubes. T'ry the adjusters
with cach new tube and particularly the horizontal drive adjuster.

‘The condition illustrated in Fig. 4 is caused by Barkhausen oscillation
in the horizontal sweep amplifier and is most often cured by sclecting
sweep amplifier tubes, although adjustment of the horizontal circuits may
clear it up. Some sweep output tubes will develop strong oscillation, others
may not do it at all.

Fig. 4. Picture with Barkhausen oscillation interference. The interference shows up as the vertical
black line toward the left of the screen. (General Electric photo)

Identifying Barkhausen Oscillation. Thic condition is casily rccognized
and identified. It is a parasitic oscillation condition and occurs at r-f fre-
quencies. The interference is radiated from the sweep amplifier stage
and is picked up somewhere in the r-f stages of the tuner unit or in the
antcuna itsclf. It usually looks different in different channcls and may
appear only in some channcls, whether or not a signal is rcceived in that
channel. It may appear wider or very narrow and it may occur at different
distances from the left-hand cdge of the screen, but it will alwavs be a
vertical line and it will always be closer to the left-hand edge. The appear-
ance may also change with tuning, that is, as the tuning control is turned,
the line may grow stronger or weaker. Any of these cffects are cnough
to identify the interference as of the Barkhausen type, and its climination
may be accomplishied by sclecting horizontal sweep amplifier tubcs.

The defective tube will probably work perfectly well in another tcle-
vision sct because the problem is not entirely duc to the tube. Many
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sweep amplifier tubes act this way when the set in which they are used
cmployvs fairly low plate voltage. At higher platc voltages fewer tubes
develop this tvpe of parasitic oscillation. The exact circuit, lead dress,
and adjustment also serve to encourage or discourage the condition. In
view of these facts, vou should save a brand-new tube which acts this way
in a certain sct because the chances are that it will work perfectly well
in others.

Damping Tube. Damping tubces, like horizontal sweep amplificrs, can
also be somewhat sclective so far as sweep size and lincarity are con-
cerned. Ty one or two new damping tubes if the horizontal lincarity or
size is not quite right. This is particularly true of older tclevision scts
ciploving a type 6AS7G triode damper. These tubes were a good deal
fussicr than the more modern and simpler diode.

Horizontal Sweep Oscillator. Some modecls of television scts emploved
critical oscillator circuits in the horizontal sweep gencrator. Often they
would fail to start when the sct was first turned on, so the set appeared
dead so far as the picture tube was concerned. There was no horizontal
sweep, consequently no high voltage, and the picture tube remained dark.
The oscillator mav suddenly start after several minutes or it mayv not
start unless the set is tumed off and on a few times. The voltage surge
caused by this switching may be cnough to get the tube started. The
sct acts most cranky when line voltage is low.

The cure usually is to select an especially “hot™ tube for the horizontal
oscillator, by trving several until vou find one which always starts oscillat-
ing properly from a cold start.

Cathode-ray Tubes. Cathode-rav tubes can fail to operate for many
rcasons. The job of identifving a dead tube, however, is more difficult
because it 1s not casy to trv a new tube by simple substitution, especially
in a customer’s honic. Instead vou must be rcasonably surce that the tube
is bad before vou cven think about trving another tube. This is sometimes
an absolute nccessity because vou may not have a new tube to try out
and one must be purchased before it can be tried.

The simplest type of cathode-ray tube failure is, of course, an open
heater, and it is also fairly casy to identifv. The method was explained
carlier; the final clincher is checking the heater for continuity with an
ohmmecter.

lon-trap Problems. A tubce mav appear to be dead if the ion-trap magnet
is improperly located or adjusted. When the ion-trap magnet is way out
of adjustment, the tube will not light up at all. Do not try readjustment,
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just vet, but look for telltale signs of recent tamipering and ask your
customer whether anvone has touched the adjusters. 1f you have good
rcason to believe that tampering was dong, and cverything clse looks right,
try readjustment; otherwise leave it alone because you will only make
things harder for voursclf. You may upsct what is rcally the correct position
only to find later that somcthing clse is wrong. You will find that the
tubc still fails to light up after you have corrected the condition because
the ion-trap magnct is now also out of adjustment.

Customers sometimes do tamper with adjustments, cspecially the do-it-
voursclf, gencral handyman type. If one does mess up the sct he may be
rcluctant to admit to tampering, so don’t always accept his first flat an-
swer if vou have rcason to suspect that such is the case. As tactfully as
possible, ask whether someone may have accidentally touched the set in-
ternally, whether the back was removed, or whether other persons in the
home could have touched the sct without his knowledge. Point to the ion-
trap magnet and ask whether that was disturbed; most laymen do not
know that it is rcallv an adjustinent and they may move it about without
thinking, whilc clcaning the dust out of a set, for cxample.

Checking Cathode-ray Tubes. If thc hcater of the cathode-ray tube
lights, and there is no cvidence of tampering with the ion trap, check
the high-voltage cable which attaches to the side terminal on the bell of
the tube; it may have fallen off. If that appears to be right, you must
makc morc carcful checks.

The first of thesc should be checks of the horizontal sweep circuit. If
the horizontal sweep circuit is dead there will be no high voltage. To
climinate the possibility of the defect’s being in the horizontal sweep
circuit, vou can cither measure the high voltage with a high-voltage tester
or vou can cheek it by the brute-force method of sparking it to ground as
described below. In either case you must be carcful to avoid a shock.

High-voltage Measurement. I'csting the high voltage with a tester made
for this purposc should be donc as reccommended by the manufacturer
of the tester itsclf. If the tester provides a voltage reading, check the read-
ing against the tclevision sct manufacturer’s service data. In gencral, these
voltages arc employed:

10- to 12-inch tubes ... 7,500 to 10,000 volts
14- to 16-inch tubes ... 10,000 to 13,000 volts
16-inch and larger . ... 12,000 to 16,000 volts

Low rcadings to the cxtent of 25 to 50 per cent, although denoting
something wrong, will not prevent the tube from showing some light.



122 Profitable Television Troubleshooting

Not until the voltage drops perhaps below 4,000 or 5,000 volts will the
tube fail to light. In other words, if the cathode-ray tube appears to be
dead, vou should chieck the high voltage only for abnormally low voltage
rather than to see whether the voltage is correct.

If vou possibly can, the voltage should be checked while the high-
voltage lead is connccted to the cathoderay tube. The object in doing
this is to help vou identify a short circuit in the cathode-ray tube if one
exists. In most cases vou can do this by making vour meter connection
to the other end of the high-voltage Iead (while the set is off, of course).
If the voltage is verv low or necar zero with the connector in place at the
cathode-ray tube, vet is normal when the connector is off, the chances
arc that the tube is internally shorted and should be replaced.

If the high voltage is low or zero in both cases, the trouble is in some-
thing other than the cathode-ray tube.

Sparking Test. If vou have no high-voltage tester, the high voltage can
be checked roughly by sparking, although somie set manufacturers frown
on this practice. Rarely does this method damage anvthing if it is donc
carcfully and quickly, and most servicemen usc it. The chances of damag-
ing anything (the high-voltage rectifier is the most likely victim) is re-
motc if vou avoid a direct short circuit from the high-voltage lcad to
ground.

The best way to do it is to turn the set off, disconnect the high-voltage
lcad from the cathode-ray tube, and place it so that it is clear of the chassis.
Then clip one end of a test lead finnly to the chassis. Turn the set on and
after vou have allowed warmup time, slowly bring the other end of the
grounded test lead toward the high-voltage terminal. If the voltage is
normal, a bright spark will jump to the grounded lead at a distance of from
4 to Y% inch.

Cathode-ray Tube Checker. If these tests show conditions to be normal
and vou have a cathode-ray tube checker, vou can check the cathode-ray
tube with it. If vou do not have a cathode-ray tube checker, you will
have to measure all voltages supplied to the tube by referring to the manu-
facturcr's scrvice data. If all voltages are proper and the tube fails to light
up at any sctting of the ion trap, vou may conclude that the cathode-ray
tube is defective.

Dim Picture. Somctimes the cathode-ray tube may produce some light
on its screen but it may be very dim, perhaps visible only in a darkened
room, and the question may arise as to whether it is the tube or the set
that is bad. This can be checked fairly casily, as follows:
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First adjust the ion-trap magnet to make certain that you do have the
most light that the tube can produce. ‘Then check the action of the
brightness control while watching the picture, preferably in subdued light.
At some adjustment of picture brightness, the picture will appcar per-
fectly normal except that it is very dim, if the set is O.K. and the tube
is bad. Then, as vou advance the brightness, the picture will begin to
wash out and losc the blacks, but it will not get materially brighter in
the white arcas. These cffects point immediately to a cathode-ray tube
that has low cmission and which should be replaced.

‘The most important observation in the above check is that the picture
appears to be normal at very dim levels; that is, the size and lincarity
arc approximately correct. If the tube is dim because of some defect in
the set such as loss of high voltage, the picture will also become severely
stretched or compressed in cither or both directions.

Replacing Cathode-ray Tubes. Cathodc-ray tubes should be removed
and replaced with care to avoid breakage. The tube is modcrately heavy
and casily conveys an impression of ruggedness, but the neck of the tube
is rather fragile in rclation to the weight and size of the tube as a whole.

Before removing a defective tube, remove the tube socket and the ion-
trap magnet and disconnect the high-voltage terminal. Then release the
mechanism which holds the bell of the tube in place. Note carcfully the
position of the tube if there is any possibility of changing it when you
put the new tube in. Ordinarily, this is no problem because the tube fits
snugly into the voke which is firmly mounted so that the longitudinal
position of the tube is fixed. The bell mounting is gencrally so made
that it will automatically position the tube properly at the front of the
chassis.

Discharging the Second Anode. Just before vou pull the tube out, dis-
charge the voltage which may be stored in the second anode. Discharge
the voltage by jumping a wire from the outside coating to the high-voltage
terminal. Do this scveral times, until no further spark is obtained. The
tube acts as a good condenscr, the inside coating of the tube (the sccond
anode) acting as one plate and the outside coating acting as the other.
It can hold a high-voltage charge for quite awhile. If youn happen to
touch the high-voltage terminal while removing the tube, vou may get a
shock which, although not harmful, may cause vou to jump or drop the
tube.

Pulling out the Tube. Make certain that there are no obstructions which
will prevent vou from pulling the tube straight forward until the neck
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is free. Then grasp the bell firmly and pull the tube out. Hold it in the
manner illustrated in Fig. 5. Do not force the tube, and make certain that
vou do 1ot put too much strain on the neck. If it wou't come all the way
out, push it back in and find out why: don’t leave the tube part way out
without supporting its weight with vour hands.

Frozen Picture Tube. In somc cascs the voke may have frozen to the
tube so that vou cannot budge it. In this casc, vou will have to disconnect
the voke leads and remove the voke with the tube so that vou can later

\

Fig. 5. Removing a picture tube. The tube is carefully guided out of the yoke assembly to avoid
breakage due to binding or tilting

free it while the tube is resting on its face. You will find that much casicr
to do because both hands will be free and there will be no strain on the
neck of the tube. You can then clean out the voke so that it slides freely
and replace it on the chassis where it belongs. The binding may be due
to an accumulation of dirt and wax, if the latter is used in the voke.
Inserting New Picture Tube. 'T'hc new tube should be inserted as care-
fully as the old onc was removed. Make certain that the high-voltage
terminal is in the correct position so that the high-voltage Iead can reach
it. After vou have finished installing the tube, adjust the ion-trap magnet.
After this, focus and centering will probably need adjustment but need
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not be done carcfully until after the chassis is reinstalled in the cabinet.

As a matter of fact, carcful adjustment is sometimes a waste of time
because the tube may have to be repositioned after installation in the
cabinct. Tubes vary somewhat i dimensions so that the new tube may
extend forward more than the old one. When this 1s the case, the tube
may press firmly against the mask before the control shafts project far
cnough through the pancl of the cabincet, and the knobs may not fit well.
If the tube is shorter, it may fail to rcach the mask and may lcave an
objectionable space around the picture. This not only looks poor but
allows dust to rcach the face of the tube.

Yoke Adijustments. The forward-and-back position of the cathode-ray
tubc is governed by the position of the voke agaiust which the flare of
the tubc rests. If the position of the tube must be changed, the voke
mountmg must be looscued and the yoke moved to a new position. Per-
haps the easicst way to do this is to loosen the voke and to leave the
tube-mounting assembly loosc cnough to permit the tube to be moved
forward and backward. ‘Then mount the chassis properly in the cabinet,
after which you can push the cathode-ray tube forward snugly against
the mask. Tighten the tube-mounting assembly; then, while pressing the
voke forward firmly against the tube, tighten the voke-mounting screws.

QUESTIONS

L. Which tubes (name by function) would vou cxpect to exhibit a decline in
performance through steady use?

2. Iow would vou go about looking for a dcad tube, other than by substitu-
tion?

3. How would vou go about locating a noisy or microphonic tubc?

4. Identify two circuits which somectimes require carcful sclection of tubes
and cxplain why sclection is required.

3. How would vou identify Barkhausen oscillation and what would vou do to
correct 1t?

6. Why is it unwisc to attempt adjustment of an ion trap before vou know
why the sereen is unlit?

7. Iow can the high voltage be ronghly checked without using a meter?

8. What precautions should be observed relative to voltage stored by a cathode-
ray tube and how is it discharged?

9. How should a cathoderay tube be removed if it is frozen to the voke?
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Replacing Parts

in Television Sets

Circuits Calling for Special Care. Lcad dress and layout of parts are
much morc important in television sets than they are in ordinary radio
sets. This is truc not only because of the more complicated and critical
circuits involved but also because of the higher frequencics that are em-
ploved.

The serviceman should understand and appreciate this so that in his
repair work he will try to duplicate the original physical characteristics
as much as possiblc and thus will avoid crcating new problems. The para-
graphs which follow are intended to explain the more important physical
requircments of television circuits so that vou will have a better idca of
what to do when you replace parts.

Tuner Unit. Lavout and lcad dress are more critical in the tuncr than
they are in any other part of the television set. The rcason, of course, is
the high frequency range of the tuner. Every lead, coil, condenser, and
resistor is carefully placed and should not be changed.

‘The r-f coils in particular should not be disturbed unless this is unavoida-
ble, or is donc by accident. In almost cvery case, a change in the coils
will require that the tuner be realigned in order to restore original per-
formance; in some cases, realignment may be absolutely necessary.

Virtually every lead and component plays a part in the response of the
tuner, and thus must be replaced in the original position as closcly as
possible when repair work is done. In addition, the components used to
replace defective ones should be physically and clectrically identical with
the originals.

The most common parts which are replaced in tuncrs are resistors and
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condenscrs; coils rarcly need replacement. Occasionally, a tube socket may
have to be replaced.

Resistors and condensers are relatively casy to replace when yvou have
the right tools. Because of the usually cramped quarters in tuncrs, special
tools such as soldering aids, twcezers, dentist’s mirrors, and miniature
soldering irons arc not onlyv helpful but often indispensable. After doing
this kind of work, vou must check carcfully to sce that no Icads or com-
ponents are shorting together. This is especially important because most
parts in tuncrs are so close to cach other that shorting between parts is
always a possibility.

Resistor-replacement Procedure. In doing this work, don’t trv to do it
fast. Take vour time and do it as ncatly and deliberately as you can. If,
for example, you arc replacing a burnt-out resistor, do it in this gencral
manner:

Remove the bad resistor and its leads very carefully. Then remove the
excess solder from the terminals to which the new resistor is to be con-
nected. Try to open a small hole in one of the eves of cach terminal with
the pointed cnd of the soldering aid or with the point of a sharp awl
while the solder is kept fluid with a soldering iron.

Cut the leads of the new resistor to roughly the same lengths as the
original, then check the lengths by trving the resistor for size. Do this by
placing the resistor in position with its lcads inserted into the eves (which
vou opened in the terminals) and noting whether it occupics the same
position as the original. You may have to trim the lcads further or bend
them to make the location come out right.

When the leads are correct, tin them ncatly with the soldering iron
and then put the resistor in place. You may have to hold it with tweczers
while you solder the first end. Before vou solder the second lead, bend
the resistor leads into the final position.

Use Minimum Heat. When removing old leads, removing excess solder,
or opening terminal eves, avoid hcating the terminal too much at one
time. The excess heat may damage the component (socket or switch) of
which the terminal is a part. Also avoid too much physical force because
most tuncr parts arc fairly delicate. These requirements make it neces-
sary for you to cxamine the terminal carefully, perhaps with a dental
mirror if it is hard to sce, before you do anything. Nlake up vour mind
exactly how vou will remove the Iead or clean out the solder, or what-
ever clse vou are about to do, before vou pick up vour tools. Then, go
about it directly without fumbling so that vou can do the job with the
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least amount of strain and hcat. As vou can readily understand, good
lighting will help immenscly. Tuner work should never be attempted under
poor lighting conditions.

In short, vou should attack the work of replacing parts in a tuner mn
much the same way as a dentist approaches the problem of preparing a
tooth for filling. He examines the tooth at all possible angles, with good
light and with the aid of a mirror before he starts. When he picks up his
tools, he alrcady knows cxactly what he is going to do, and he does the
actual work as dircctly and quickly as possible.

Tuner Sockets. Replacing a defective socket is a difficult and time-
consuming job because cach terminal must be treated with the same
individual carc and attention just described. Usually it is better to try
to repair a socket by replacing a broken terminal instcad of by replacing
the whole socket. New socket parts may be obtained by taking a replace-
ment socket apart. When the socket construction allows you to take it
apart, vou should do so, although sometimes vou may find that complete
replacement is the only answer.

Although the best way to make up vour mind on how vou will go about
replacing the socket is by studying the layout carcfully, there is a gencral
rule which may be helpful: Whenever vou can, lcave the components
on the socket and disconnect them at their far ends. Thus, most of the
wiring will remain on the socket until after it is removed. It is then com-
paratively casy to transfer components and leads, onc at a time, from the
old socket to the new one where you have plenty of room and can sce what
vou are doing.

Always make certain that vou clean out any drops of solder which may
have fallen into the tuner. ‘Thev are often causes for future troubles be-
causc of the closc spacing between terminals and parts.

You may find that certain repair jobs on tuner units are more easily
done when the tuner itsclf is removed from the chassis. Socket replace-
ment, for example, will generally be much casier if the tuner is removed
and may take less time in the long run. Most tuncr assemblics arc so built
that they can be removed with little trouble.

I-F Circuits. Although less critical than tun