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N The purpose and background of this
Home Study Cowrse in Television Ser-
vicing, its organization and approach
and the mailing procedure that will be
followed are explained briefly in this
Introduction. Read it carefully before
you start to read the lessons and do
the Home Assignments.

This is a practical, downto-earth TV home
study course that explains the theory and prac-
tices needed to do a good job in the daily work
of installing and servicing television receivers.
No extensive TV experience is necessary to take
the course. It is only necessary that you be
working 1n radio or television or have previous
training in this field. A man just starting in the
television field can learn the business from this
home study course in TV servicing, and the ex-
perienced serviceman will also find detailed
explanations of installation practices and trouble-
shooting techniques that will be very useful in
his work. The purpose of the course is not only

-to helptrain new men but to make bettertelevision
servicemen.

The course combines ‘*how to do it” tech-
niques field tested by practical servicemen, with
““how it works” information planned and written
by instructors of RCA Institutes, Inc. This highly
specialized experience has produced a training
course successfully employed for several years
in training television technicians. Revised and
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expanded to include information on circuits for
all the principal types of receivers, the course
provides training that can be used to supplement
your work on the job, from antenna installation to
advanced servicing problems.

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

and bench work.

BACKGROUND OF THE COURSE

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

ORGANIZATION OF THE COURSE

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

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

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

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

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

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

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

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

APPROACH TO THE MATERIAL

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

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

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

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

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

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

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

Each essay question requires you to write
about 100 words of well considered explanation,
of a principle, operation or reasoning process.
Write your answer neatly and legibly, on one side
only of a standard(8) x 11) sheet of paper. You
may use ink, a soft pencil or a typewriter as you
prefer. Number your answers to correspond with
the question numbers. In writing your answer, it
is equally important that you show a full under-
standing of the material, are able to reason
comrectly, and that you express yow answer
clearly, concisely and completely.

Solutions to numerical problems should also
be written on one side only of an 8} % 11 sheet.
Number each solution to correspond with the
printed problem.

Your solution of each problem should show
clearly the various steps by which you arrive at
your answer. Steps should be put down in logical
sequence, with enough information in words or

standard symbols to indicate exactly what you are
expressing. The final answer should be clearly
indicated. It should never be necessary for the
grader to guess how the problem was solved or to
hunt for the answer.

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

Write your name, the Unit number, and a page
number in the upper right-hand corner of each
additional answer sheet. The printed question
pages are already numbered, starting with ‘17,
If there are seven such pages, your first additional
page should therefore be numbered *‘8’°. Secure
all your answer sheets together at the upper left
corner, with the first printed page on top, using a
paper clip or staple. You should avoid writing too
close tothe upper left corner, so your writing will
not be obscured by the fastening.

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

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

MAILING

This introduction is included with Unit One,
which is the first of a series of ten Units that
will be mailed for the complete Course. Each Unit
is punched with standard holes for ring binders
taking 8% % 11 sheets. In addition, each lesson
is stapled as an individual booklet, so that you
can remove a lesson from the Unit to carry around
with you in your work.

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

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

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

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

HOW TO STUDY

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

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

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

to take the studymg serxously because then you
can get more done in less time.

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

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

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

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

Only after you have mastered the contents of
each lesson, and stowed away its information in
the proper mental pigeon-holes, should you tackle
the Home Assignment.
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1-2

Leddon 1

This lesson is an introduction to the
entire television system. In it you will
learn how the picture and sound of a TV
program is translated into a series of
electrical impulses or signals, and broad-
cast over a given service area. You will
then see how these electrical signals are
converted by a series of circuits in the
receiver to the picture and sound of the
original program. '

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

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

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

[ -1.CONVERTING LIGHT TO ELECTRICITY

Suppose we first consider the opera-
tions that take place at the transmitter.
The first problem is that of changing the
scene orpicture to be televisedinto some
form of electrical signal. This is done by
making use of the phenomenon known as
photoelectric effect.

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

Fig. 1-1
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(b)

Fig. 1-2

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

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

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

Suppose that a flat plate is covered
with a thin layer of a photoelectric ma-
terial. If the light from a scene to be
televised is focused by a lens on this
plate, the photoelectric material will emit
electrons, and the number of electrons
released from each tiny area of the plate
will be proportional to the amount of light
falling on that area. Areas corresponding
to very bright portions of the scene will
emit many electrons; areas corresponding
to dimly-lighted portions will emit fewer
electrons. The net result, therefore, is a
pattern of electrical charges that corres-
ponds exactly to the variations of light
on the scene.

I -2. SCANNING

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

The principle of sequential scanning .

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

~ trace
———a---retrace

Fig. 1-3

At point B, the €lectron beam is cut
off, or blanked out, so that no current is
produced. While blanked out, it sweeps
back and slightly downward to point C.
This return sweep, or horizontal retrace,
is indicated in the diagram by dashed
lines. During the retrace, no picture in-
formation is reproduced and no current is
produced. The beam then sweeps to the
right to point D, again scanning the ele-
ments in its path. If the speed of the
beam is much greater during the retrace,
the intervals during which no picture in-
formation is transmitted are only a small
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fraction of the total scanning time. If the
sweep and retrace takes place many times
per second, the scanning motion becomes
unnoticeable, and the effect is that of a
complete picture.

Reproducing Motion. -~ Now suppose
that when the electron beam reaches the
lower right corner of the plate (point £ in
the drawing), it is again blanked out, re-
turned very rapidly to point4, and caused
to repeat the scanning process. By con-
tniuing this process, a rapid succession
of complete pictures are traced and con-
verted to current variations. If the com-
plete pictures so traced — called frames
— are repeated rapidly enough, motion can
be reproduced, just asin motion pictures.
The period during which the beam is
blanked out between point £ and point A4
is called the vertical retrace.

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

start start
field 1 field 2
line 1 -
“"‘\__~
2 ———D'\-.::----'Q----- ---------- Tl
3 e
e
4 e o D Tttt T e el TN
5 Bl LTV
T
6 s Bt e meme mee e Il
, P _
.
end end
field 1 field 2
odd field
........ even field
Fig. 1-4

Referring to the illustration, assume
that the electron beam begins its trace at
the upper left corner, marked Start Field
I. The beam traces the entire picture, ex-




Synchronizing Signals

cept that it traces only every other line.
When it reaches the bottom of the plate,
midway between left and right, at the
point marked End Field I, it has traced
every other line of a complete picture.
This half-picture is known as a field.
Sometimes, for the sake of convenience,
it is further classified as the odd field,
since only the odd-numbered lines are
traced. In the diagram, both the trace and
retrace lines of the first field are indica-
ted by solid lines. Remember, however,
that the beam is blanked out during the
horizontal retrace.

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

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

Scanning Standards. - Naturally, all
television stations mustscan at the same
rate; otherwise, receivers would not
receive the pictures from all stations e-
qually well . For this reason, the FCC
(Eederal Communications Commission)
established a set of standards, by which
all television stations are governed. Since
these standards will be referred to many
times in following lessons, some of the
more important are listed below.

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

-1-5

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

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

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

I-3. SYNCHRONIZING S|GNALS

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

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

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

In general, two methods may be used
for deflection: the electrostatic method
and the electromagnetic method. To es-
tablish the principle of operation, we will
consider the electrostatic system. Figure
1-5a shows a deflection plate placed on
either side of the electron beam. If a
positive voltage is applied to plate 4,
the electrons in the beam, which are neg-
ative charges of electricity, will be at-
tracted toward the plate. If plate 4 is
made negative with respect to plate B,
the beam will be attracted to plate B and

repelled from plate A. Thus, by app’

plying a voltage of the proper polarity,
the beam can be deflected from side to
side. Similarly, another pair of plates
can be placed along the path of the beam
to provide vertical deflection, as shown
in part (b) of the figure. This permits
the beam to be deflected both horizon-
tally and vertically. By applying voltages
that alternate at the proper rates to the
two sets of plates, the beam can be caus-
ed to sweep the scanned surface horizon-
tally 15,750 times per second and verti-
cally 60 times per second.

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

TELEVISION SERVICING COURSE, LESSON 1

deflection plates
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Fig. 1-5

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

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

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

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

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

100 4= ——————— -
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They also are transmitted with the pic-
ture signal. By cutting off the electron
beamin the kinescope during vertical and
horizontal retrace, they prevent retrace
lines from appearing on the screen.

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

comera signal
901  (picture content
t I
8ol ot one | ine)
pd AY

701

horizontal
sync pulse

601
501
401
30+
20-

10

— —r—— maximum level —
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grays
S raonge of
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retroce of one ling)
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Fig. 1-6
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I-4. TELEVISION CAMERAS

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

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

Camera Tubes.— Many types of camera
tubes have been developed. Each newer
model, for the most part, offers certain
advantages over older types. However,
all utilize the same principle - that
photosensitive materials emit electrons
when excited by a light source. At pre-
sent, the image orthicon camera tube is
used extensively. A photograph of an
image orthicon camera tube is shown in
Fig. 1-7a, and a simplified diagram of its
construction in Fig. 1-76.

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

(a)

el/ectron
photosensitive scanning beam multiplier

lens plate / /

/

\
returning beam

el/ectron
mesh target plate gun

(b)
Fig. 1-7

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

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

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

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

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

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

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

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

[-5. PICTURE AND SOUND TRANSMISSION

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

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

Figure 1-10 shows these steps, in
block-diagram form. Note that the syn-
chronizing signals produced by the sync
generators are applied to the camera tube
to control the scanning and blanking of
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the electron beam, and are also sent to
the video amplifier stage to be added to
the video signal.

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

Modulation of the Carrier. — The com-
posite video signal is caused to modulate
a radio-frequency carrier generated at the
main transmitter. This is accomplished
bythe same process as that used in stan-
dard AM radio broadcasting. One impor-
tant difference does exist, however; the
range of frequencies containing the pic-
ture information. A - bandwidth of four
megacycles is needed to handle the full
video signal. Thus the band of frequen-
cies required by the video sigmal from
just one television channel is several
times wider than the band allocated to
all AM broadcasting stations. Also, the
carrier frequencies are much higher than
those used for radio broadcasting.

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

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

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

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

Any antenna designed for TV trans-
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Fig. 1-11

mission must have certain characteristics.

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

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

TABLE A

CHANNEL FREQUENCY
NO. RANGE, MC

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

174-180 '
180-186
186-192
192-198

* 198-204

204-210
210-216

OV CwVvbwN

b

[l
NN

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

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

NO. RANGE MC NG. RANGE MC

48 674-680

49 680-686
14 470-476 50 686-692
15 476-482 51 692-698
16 482-488 52 698-704
17 488-494 53 704-710
18 494-500 54 710-716
19 500-506 55 716-722
20 506-512 56 722-728
21 512-518 57 728-734
22 518-524 58 734-740
23 524-530 59 740-746
24 530-536 60 746-752
25 536-542 61 752-758
26 542-548 62 758-764
27 548-554 63 764-770
28 554-560 64 770-776
29 560-566 65 776-782
30 566-572 66 782-788
31 572578 67 788-794
32 578-584 68 794-800
33 584-590 69 800-806
34 590-596 70 806-812
35 596-602 71 812-818
36 602-608 72 818-824
37 608-614 73 824-830
38 614-620 74 830-836
39 620-626 75 836-842
40 626-632 76 842-848
41 632-638 77 848-854
42 638-644

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

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

[ -6. PROGRAM SOURCES

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

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

Fig. 1-12

coverage of events removed from regular
facilities, such as parades, disasters,
and sports events. Figure1-13 is a photo-
graph of an RCA mobile transmitter truck
used for spot-news coverage.

Fig. 1-13

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

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

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

Fig. 1-14

Radio Relays .~ Both coaxial cable
and microwave-radio links are used to
relay television programs, so that cities
many hundreds of miles apart may receive
telecasts originating in other stations. In
the case of radio relays, a system of re-
peater stations is employed. The program
to be relayedis transmitted by microwave
radio from one station to the next. Since
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microwave frequencies can be used only
for short distances, manyrepeater stations
are needed — usually, one every twenty
or thirty miles along the distance to be
covered. Frequently these repeater sta-
tions are completely automatic, in that
no operators are needed to control them
except for maintenance checks and emer-
gency repairs. The signal received from
one such station is automatically re-
transmitted to the next station.

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

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

I-7. FUNCTIONS OF THE RECEIVER

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Fig. 1-16

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

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

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

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

The deflection circuits provide the
current that moves the electron beam in
the kinescope across and up and down the
screen. Two signals must be generated:
the wvertical deflection signal, which
moves the electron beam vertically, and
the horizontal deflection signal, which
moves the beam horizontally. These sig-
nals are generated by deflection oscilla-
tors.

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

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

The deflection oscillators are con-

trolled by the vertical and horizontal sync.

pulses. Therefore, the rate of scanning
at the receiver is the same as that at the
transmitter.

The WIDTH ADJUSTMENT is a vari-
able control across part of the horizontal
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output stage. [t allows adjustment of the
width of the raster. The HORIZONTAL
LINEARITY ADJUSTMENT permits
slight changes in horizontal linearity.

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

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

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

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

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

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

Electromagnetic focusing is also used.
In this method, the electron beam is fo-
cused by causing a current to flow
through a focus coil. More often, however,
permanent magnets are employed. An iron
ring, or magnetic shunt, is mounted so
that it can be moved back and forth along
the neck of the tube. This provides the

focusing adjustment. The position of the
focusing magnet is shown inFig.1-17.

If electrostatic focusing is used, no such
ring or coil is necessary.

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

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

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

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

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

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

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

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

In dual i-f receivers the picture i-f

1-19

Fig. 1-18

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

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

No matter which system is used, the
amplified i-f signal is passed to a sound

detector. The output of the detector, just
asin radio receivers,is an audio-frequen-
cy, or a-f, signal. Two types of detectors
are in general use: the ratio detector,
and the discriminator. The output of the
detector is amplified and applied to the
loudspeaker. The SOUND VOLUME CON-
TROL is simply a potentiometer that
varies the amount of audio voltage ap-
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plied to the first audio amplifier. Many
receivers also provide aTONE CONTROL
in the audio section.

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

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

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

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

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

loudspeaker
sound
I‘ section
r-f picture
unit | section

L sync and
deflection
circults

Fig. 1-19



Summary

phone, converted to an electrical signal,
and amplified in a preamplifier stage.

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

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

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

5. The r-f unit of the receiver ac-
cepts the signals from the channel to
which it is tuned, rejecting signals from
all other channels. The signal is am-
plified, and caused to heterodyne with
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an r-f signal generated by the local os-
cillator, producing an i-f signal. This i-f
signal contains the composite video sig-
nal and the sound signal.

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

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

8. The synchronizing signals are
separated, amplified, and applied to the
vertical and horizontal deflection circuits
to control the scanning rates of the kine-
scope.

+
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THE AIM OF AN INSTALLATION JOB.

2-1. The aim of every installation job is a
satisfied customer. Seems pretty obvious, doesn’t
it, when you come right out and say it? It’s very
easy for all of us to think about the job of in-
stalling a television receiveras a minor engineer-
ing problem — how to get the antenna fastened up
on the peak of the roof, what kind of transmission
line to use, or which way to point theantenna for
best reception. Those are all part of it, of course,
but they’re just means to an end. And the end
objective of all the engineering — from the de-
sign engineers and the broadcasting station engi-
neers right through to you — is to make a satis-
fied customer.

Customer Satisfaction. — You’d be surprised
how many ways there are of making a dissatisfied
customer. Some of them have little or nothing to
do directly with the actual installation itself. If
you appear at the customer’s door with a two-day
growth of beard, or if you track mud across the
living room rug that just came back from the
cleaner’s, or if your ladder slips and falls into
the customer’s pet rose bush, or ... well, you get
the idea. If any of those things, or hundreds of
others, happens, your name is mud, and the
customer is unlikely to like your installation job
even if it is good. So of course, you just don’t
let such things happen.

Whether you work for a large company, or
operate a small television service of your own,
you should think about such matters as a part of
customer relations, and recognize them as an ex-
tremely important part of your job. We’ll have more
to say about customer relations in this and other
lessons, and we’ll have one entire lesson devoted
to gathering together all the little things to keep
in mind under that heading. But we can summarize
the whole thing as — neatness and courtesy. Those
are the two things housewives appreciate most.
And sofaras we’re concerned, it is the housewife —
who is usually the one home when the serviceman
shows up — whom you have to please.
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However, we do have an installation job to do,
so let’s get on with it. Aside from behaving in a
manner calculated tokeep the customeron friendly
terms, what do we have to do to make her — or
him — a satisfied customer?

What Is a Good Picture? — What she wants
andexpectsfrom a television setis a good picture
— at all times, and on all stations. Sometimes
that’s a large order, but it is our job to come as
close to it as possible. But what constitutes a
good picture? That is the subject of the next
numbered section of this lesson, in which we’ll
go into such matters as focus, aspect ratio and
linearity. But for now, let’s stick to describing
a good picture in layman’s language — the terms
in which the customer thinks of it.

Fig. 2-1

In the first place, he (and from now on, we
mean he or she) wants to be able to tune in any
station within reasonable range of his receiver,
without too much fiddling with dials. He wants
the picture to stand still on the screen, and to
show as much detail of the scene being televised
as possible. It should be clear and sharp; when
DiMaggio smacks the ball, he wants to be able to
follow it with his eyes and see where it goes; or
when a lovely lady smiles, her mouth should
show a lovely smile and not look like the en-
trance to Mammoth Cave. He also wants the
lady’s shape to be as nature designed it, and not
as it might appear in one of those curved mirrors
they put in amusement parks. Ile wants the pic-
ture to be free from those jagged rips, herring
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bone patierns, snowstorms and meandering dark
streaks that so delight the cartoonists these days,
but give no pleasure to anyone else. He wants the
picture to be as big as possible, innatural-looking
tones of black, gray and white. And he’d like it
to be visible from any part of his living room.

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

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

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

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

2-3

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

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

Admittedly, your job has headaches, for you
are on the firing line, so to speak. It is you whom
the customer sees during the installation, and you
who gets called in when something goes wrong.
It takes a good man to handle your job. But even
the best man should make full use of the help
his teammates can provide. Make sure you keep
familiar with the makers of service data on the
receiver or accessory you are warking on, and
contact the distributor or some other source for
more information when you need it. Remember,
nobody can help you if you don’ let them know
you need help.

REQUIREMENTS FOR A GOOD PICTURE

2-2. To get back to that *‘customer relations’’
angle again, you’d be surprised how super~critical
Mrs. Customer can get about the picture quality if
you've carelessly backed into a favorite lamp, or
left dirty hand marks on a clean painted wall.
Conversely, if you have impressed her as a con-
siderate, courteous and careful young man, she’s
a lot more likely to accept what you say is the
best picture that can be gotten on her new tele-
vision receiver.

Whatls a Good Picture? — Not every customer
has a very definite idea of what to expect of the
picture. But unless he gets a good picture, he
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won’t be satisfied. This is true eyen though he
only knows that it doesn’t look as good as
Neighbor Jones gets across the street. So we
can’t just depend on the customer to tell us when
the picture is good enough. We have to have
some definite standards of our own. If anything,
we should be even more critical of picture quality
than the customer. So let’s see what some of
these standards of judgment are.

When everything is properly adjusted, we can
expect the test pattern to look sharp and clear
like this:

Fig. 2-2

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

Fig. 2-3

If you're not sure just what it is that isn’t
focused in the receiver, don’t worry about it now.
We’ll get to that presently. But we’re all fa-
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miliar with the blurredeffect that we get in photo-
graphs when the camera is not focused on the
object. The result of bad focus is just about the
same in a television picture.

The Test Pattern. ~ This is as good a place
as any to introduce the test pattern, and why we
use it for checking picture qudlity instead of
using Milton Berle or the wrestlers of Fig. 2-1.

Each television broadcasting station has a
test pattern that it broadcasts at certain hours
for the purpose of helping service men to adjust
receivers properly. There are many such test
patterns in use, and we shall illustrate only a
few in thi3 entire course. But they are all sim-
ilar in one respect. They are carefully designed
to show up each of the various possible picture
defects as clearly as possible.

Take the matter of focus, for instance. If our
receiver is bringing in those wrestlers thrashing
about on a mat, there is practically no part of the
picture that stays in one place long enough for
us to decide accurarely just when we have the
best focus. Also, it is difficult to check focus if
the details of the picture are large, or blend into
each other instead of being sharply defined.

On the other hand, the test pattern stands
docilely still while we examine it, it has both
large and small details, and it has sharply de-
fined border lines between black and white areas.
Under these conditions, we can make more pre-
cise adjustments of the set than would be possi-
ble if we used a moving scene.

Proper Synchronization.— It practically goes
without saying that the picture as a whole is
supposed to stay still on the screen. We said in .
Lesson 1 that when the picture moves vertically
across the screen, it isusually because ofa faulty
adjustment of the vertical sync control. And we
showed a photograph of the distortions or tearing
of the picture that result from faulty or insuf-
ficient horizontal sync. These, we shall find,
are adjustable from the front panel of the receiver
in most sets and the customer himself must be
taught how to make the adjustment.

Noise and Interference. — The modern televi-
sionreceiveris arelatively sensitiveand complex
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instrument. It will pick out of the air just the
television signal we want, and reject those from
all other stations. It will, that is, if the instal-
lation has been properly made and the receiver
properly adjusted. But there are other kinds of
signals floating through the air that we definitely
don’t want in our receiver, but some of them do
manage to sneak by in spite of us.

There is, for instance, the kind of random
signal we call noise. In a sound radio, it would
show up as a scratchy noise coming out of the
loud speaker. In television, it shows up when
the desired signal is too weak to override the
“‘noise”’, and appears as snow, like this:

Fig. 2-4

Sometimes the wanted signal will be received
twice — once directly, and once after it has been
reflected by some big building. The result is a
ghost, or multiple image_ showing on the kine-
scope. We showed a picture of this phenomenon
in Lesson 1.

Automobile ignition systems, amateur radio
transmitters, diathermy machines and a variety of
other devices send out signals which appear in
characteristic and annoying ways on the tele-
vision screen.

All such unwanted signals that get through to
the kinescope are referred to as interference. It
is not always possible to eliminate them com-
pletely, or at all times. But there are precautions
that can be taken to minimize them to a point
where they don’t cause active annoyance to the
the customer. A few examples are as follows:

28

A WNBT

4 NEW YORK

il

Fig. 2-5-a Ignition noise.

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

Fig. 2-5-c

Diathermy interference.

There are also forns of interference that
originate within the set itself. If the sound signal
somehow gets into the video system, for instance,
it shows up as light and dark horizontal bars
moving across the screen. These sound bars, as
they are called, can appear when the fine tuning
control is slightly out of proper adjustment. The
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customer must therefore. be shown how o tune the
the set properly — another job for the installer,
which we’ll get to presently.

Size and Aspect Ratio. — Turn back to Fig.
2-2, and you will notice that the NBC test pattern
shown there has two large’ concentric circles —
a white one with its top and bottom clipped off,
and a black one inside it. When the size of the
picture is properly adjusted, both vertically and
horizontally the white circle will just touch the
sides of the picture, and the black circle will just
touch the top and bottom. When this is done, the
picture will not only be the proper size, but it
will also be propetly proportioned.

The relation of the width to the height of the
picture is called the aspect ratio. It is set by
the FCC standards at 4/3 — that is, the width of
the picture is 4/3 of its height. This ratio was
chosen because it happens to be pleasing to the
eye, and because it is the same as that used in
motion picture films — which are often televised.

What is more important to the service man,
however, is the fact that the broadcasting station
transmits a signal for a picture having a 4/3
aspect ratio. Therefore the picture on the kine-
scope must have the same aspect ratio. Other-
wise, the shapes of objects in the picture will be
distorted, appearing either too fat or too thin.

This is easily seen in the test pattern by
looking at the black circle, because any departure
from a true circle is easily detected by the eye.
The test pattern shown below is too wide.

W NBT
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Fig. 2-6
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Linearity. — A similar distortion can be caused
by a faulty adjustment of the linearity control. In
such a case, however, the circle not only appears
stretched out, but its center is shifted toward one
side or the other, so it appears egg-shaped rather
than oval, thus:

Fig. 2-17

Don’t worry now if you don’t understand why
these distortions take place in the receiver, or
why they are called by the names we use. In due
course such things will be explained. In the
meanwhile, just realize that you don’t have to
know all about how television works in order to
do a good installation job. You do, however, have
to know what picture defects to look for,and what
to do to correct them. In this section, we are
showing you what to look for. In this and the
next few lessons you will be told how to correct
the faults.

Brightness and Contrast. — It might be well to
point out right here that once you have left the
customer’s home, he is going to have the job of
operating the set himself. A television set is not
difficult to operate, if you know how. It is, how-
ever, a little more involved than a sound radio.
It is therefore part of the installer’s job to make
sure that the customer knows how to manipulate
the controls. No matter how good a job you have
done on the installation, if the customer doesn’t
know how to make the picture stand still, or how
to adjust the brightness of the picture so it is
pleasing to look at, your work will have been
practically wasted. The two controls the customer




The Receiving System

uses to adjust the quality of the picture are the
brightness control aad the picture control (also
called the contrast control). We will discuss the
proper use of both in some detail later in this
lesson.

Signal Needed for Good Picture. ~ Now thar
we have discussed the standards by which we
judge picture quality, let us consider how we ob-
tain this ‘‘goodpicture’’ we’ve been talking about.

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

That statement bears a little examination. By
‘‘strong’’, we mean a signal that not only has
enough amplitude to operate the circuits in the
receiver, but is strong enough to override the
noise thatinvariably comes along with it. It must,
in other words, have a high signal-to-noise ratio.
Otherwise, the result is a snowstorm like that
shown in Fig. 2-4.

Incidentally, it is possible to get too strong a
signal. In such cases, it is necessary to take
special steps to weaken the signal. Otherwise it
overdrives the receiver, and the picture is liable
to look like this:

Fig. 2-8.

By ‘“clean’’, we mean that there should be a
minimum of interference, ghosts and multiple
signals. It is not always possible to achieve
this goal as closely as we might like, but a care-
ful installation job can often go a long way to-
ward it. :

Now consider those words ‘“‘delivered to the
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receiver terminals”. No matter how strong and
clean the signal is across the antenna, if it
doesn’t get to the receiver terminals, it will not
produce a good picture. A large part of this
course is going to be concerned with the me-
chanics of installing television antennas so they
will stay put. You might, from this apparent em-
phasis, get the idea that the antenna installation
was the really important job, and that the re-
ceiver would more or less take care of itself. But
don’t lose sight of the fact that the only reason
for the antenna — and the transmission line — is
to deliver that strong,clean signal to the receiver
terminals. That is what you must supply in order
to get a good picture on the kinescope. And that,
in turn, is what it takes to make a satisfied
customer.

Summary, and Where We Go From Here. ~ So
far, we have pointed out the end objective of
every receiver installation — customer satis-
faction. We have shown that this requires a good
picture,and we’ve defined the standards by which
we judge picture quality. And we’ve shown that
to achieve a good picture, we need a strong, clean
signal at the receiver terminals.

In the remainder of this lesson, we want to
give you a kind of preview of how your daily work
fits into these requirements. First, we'll discuss
the roles played by the various sections of the
receiver, by the antenna, and the transmission
line, and making it into a picture on the custom-
er’s kinescope. In doing so, we shall tell a little
about what goes on inside that kinescope. Then
we'll take a quick trial run through the job
of installing a 1ypical receiver and its antenna.
There’s a lot more to both jobs than we could
possibly cover in this lesson, but this is just to
give you the bare framework of the body of in-
formation you will soon be expected to have at
your fingertips. In later lessons, we will fill in
the holes with specific details of the installation
technique.

THE RECEIVING SYSTEM

2-3. Now let’s take a look at the receiving
system. First we shall consider what the tele-
vision signal consists of, and then how it is re-




ceived. This is where you come in, for it is your
job to see that the signal is received properly,
and thus make the customer satisfied.

The Television Signal. — You will remember
from Lesson 1 tlat the television signal is in
two parts — the picture signal and the sound
signal (or voice as the customers usually call it).
Both are radiated from the transmitting antenna of
the television broadcast station as very high fre-
quency electromagnetic waves. We’ll say a little
more about the physical nature of the waves in
Sec. 2-5, but for now let’s concentrate on several
important facts:

(1) Both the sound and picture signals travel
through space as a radio wave from the trans-
mitter antenna, horizontally in all directions.
Although the sound and picture signals from a
television broadcast station do not contain the
same frequencies, their frequencies are so close
together that the same antenna picks up both at
the same time. Naturally the customer expects
to get good sound along with a clean, clear
picture.

(2) The amount of energy in the radiated

picture signal is made to vary in accordance with
the information to be transmitted. As a result, the
picture signal carries all the information that is
needed at the receiver to reproduce an excellent
picture on the screen of the picture tube. This in-
cludes the details of picture information in the
image, synchronizing pulses to control the timing
of the receiver scanning circuits,and the blanking
pulses needed to blank out the beam during the
return time

(3) A small part of the total energy radiated
from the transmitter can be intercepted at a dis-
tance from the transmitter by means of the an-
tenna at the receiver. The further the receiving
antenna is from the transmitter, the weaker the
signal, since its strength decreases as it travels
away from the transmitter. There is a normal
service area, surrounding the transmitter, where
you can expect to have the amount of signal
needed to provide a good picture and good sound.
Normally this is about 50 miles. If you are in the
fringes of this service area, it will be more diffi-
cult to get enough signal and you probably will
have to install an elaborate antenna in order to
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pick up sufficient signal for the receiver.

The television signal is radiated by each
broadcast stationwithinits own assigned channel.
As listed in Lesson I, there are 12 channels
available now for television broadcast stations,
each with a band six megacycles wide. For in-
stance, the signal broadcast by a station using
Channel 4 contains practically all frequencies
between the definite limits of 66 mc and 72 mc —
but none higher or lower. The 6 mc band for each
channel includes the picture signal and sound
signal for each station. The sound signal is in-
cluded in the upper half megacycle in each
channel, and the picture signal in the remaining
frequencies.

Usually there are many stations broadcasting
at the same time, so that the antenna picks up
signals from all stations on the air — and in many
cases interfering signals that we definitely do not
want from other sources. However, the receiver
can tune in to the desired channel to receive the
desired picture and sound signals, selecting this
from all other signals.

The picture signal not only has the picture
information corresponding to the image we want
to see, but includes the blanking pulses and syn-
chronizing pulses as a part of the picture signal.
Because of this, you have to pick up enough
picture signal to produce good synchronization so
that the picture will hold steady on the screen.
Normally, there is good synchronization when
there is enough signal for a clean picture without
snow.

Relation of Receiver, Antenna and Trans-
mission Line. — We have stated that the energy
in the television. signal is radiated outward hori-
zontally from the transmitting antenna. That
means that some signal exists at any given point
in space. So why can’t the receiver pick up this
signal directly, without the help of an antenna?
We could write a complicated answer to this. The
simple fact is that the antenna may be considered
the part of the receiver whose function it is to
pick up from the air the signal that we need to
operate the rest of the receiver,

The matter of where to locate the antenna de-
pends on how we can best pick up signal for the
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receiver. If we can get good results with an an-
tenna built into the receiver cabinet, or an indoor
antenna near the receiver, or an antenna mounted
outside the window, that's the kind of antenna
we'll use.

However, the signal strength is often greater
at some distance above the receiver itself, so we
can intercept more signal energy if we put the
antenna up on the roof. In many cases, therefore,
itis necessary to use a roof antenna so that there
will be enough signal at the receiver for good
results.

This brings us to the need for a transmission
line. Remember, the important thing is to get
that strong, clean signal applied to the receiver
terminals. The transmission line is simply the
connecting link whose function is to carry the
desired signal from the antenna to the receiver
with as little loss as possible,

THE RECEIVER, AND HOW |T WORKS

~2-4. Now that we have a more definite idea
of what the television signal is like, let us ex-
examine what it is supposed to accomplish in the
receiver. The receiver is a complex device, but
its major sections are relatively few. We can
show their relation to each other by a simple
block diagram like this:

recelving
antenna
transmission line Joud
speak

r-f tuner
sound
o circults
converter

picture
circuits

~ picture tube
deflection or kinescope
synchronizing
cirevits
Fig. 2-9
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We see that the antenna and transmission line
feed the received signal into the input of the
r-f tuner. The sound signal is then separated
from the picture signal, and each is applied to
the appropriate part of the receiver. We shall
concentrate for now on the picture signal in
the receiver.

We won’t be able to explain now how all the
circuits work. Fortunately, that won’t be neces-
sary to enable you to do your job well. A member
of an installation team, however, must know
enough about the receiver to understand the oper-
ation of the various controls, and how to adjust
them to obtain the best possible reception.

The heart of a television receiver is the pic-
ture tube, or kinescope. This is where the picture
finally appears. Everything else in the receiver
is there to enable the kinescope to function. So
let us examine first how the kinescope works.

The Kinescope. — A typical kinescope looks
like this:

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

Operating Principle of the Kinescope. — The
function of the electron gun in the narrow neck
of the tube is to furnish a continuous supply of
electrons — infinitesimally small particles, each
carrying an electric charge — and form them into
a stream directed at high velocity toward the
fluorescent screen at the other end of the tube.
The screen is a coating on the inner surface of
the front face of the tube. The screen glows
wherever the electron stream strikes it — brightly
if there are many electrons in the stream, dimly
if there are fewer electrons.

The stream of electrons — which may be
thought of as similar to the stream of water parti-
cles from a hose, or of bullets from a machine

coil magnet

External conductive
coating

Anoade
connectiorn

Focus
Jon frap coil

gun — is called the beam. The beam is made to
move rapidly across the screen in a zig-zag
pattern, as explained in Lesson 1. In doing so,
it covers in rapid succession every point on the
screen that is included within the picture area.
This rectangular area of the screen covered by
the moving beam is called the raster.

Deflection Yoke. — The beam is caused to
move in the proper manner across the screen by
the action of a varying magnetic field. This field
is set up by varying currents that flow in coils
placed around the neck of the tube. There are
four such coils, but they are mechanically fasten-
ed together in a single doughnut-shaped unit
called the deflection yoke (or just plain yoke),
through which the tube is passed. Two of the
coils control the vertical motion of the beam,
while the other two control its horizontal motion.

\

Deflection
yoke

Fig. 2-11
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When current flows in the deflection coils, the
electron beam is bent, or deflected, from the
position it would otherwise take. If the current
is made to vary in just the right way, the amount
of this bending also varies in such a way that the
beam traces out the raster on the screen, like a
brush moving with successive horizontal strokes
down a wall.

The Focus Coil. ~ The electron gun forms the
electrons into a beam, but it does not, by itself,
make the beam concentrate on a small spot at the
screen. This is accomplished by another magnetic
field, furnished by the focus coil, also placed
around the neck of the tube. Without it, the elec-
tron paths would diverge so much that the beam
would cover toolarge an area of the screen at one
instant. The result would be like that of an artist
trying to paint a finely detailed picture with a
big brush suitable only for painting barn doors.
The focus coil bends the paths of the individual
electrons so that they all converge on the same
point on the screen. Thus they produce a small,
sharply defined spot of light, instead of a blurred
smear.

The kinescope, with the deflection yoke and
focus coil in place, is shown in Fig. 2-11.

Also shown in this picture is something called
the ion trap magnet. To explain what this is for,
we’ll have to go back and examine the electron
gun a little more carefully.

The Electron Gun.~ The electron gun consists
of several cylindrical electrodes. In cross sec-
tion, they would look something like this:

control grid

hoater /
I I

< | |
/ /

occelerating anode /

cathode

Fig. 2-12

The cathode is coated with a material that is
an efficient source ofelectrons when it is heated.
When a source of electrical power is connected
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to the ends of the keater inside the cathode, the
cathode emits electrons from its surface.

The electrons are attracted toward the ac-
celerating anode by a voltage applied to it. But
to get there, the electrons must pass through a
small hole in the grid, which completely sur-
rounds the cathode except for that small hole.
Many of the emitted electrons pass through the
hole in the grid, and thus are formed into a beam.
By the time they getnearthe anode they are going
so fast that they pass right through it, and so are
propelled toward the screen.

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

The trap works on the principle that the
heavier ions are not deflected by a magnetic field
as much as the lighter electrons. The beam from
the cathode, containing both ions and electrons,
is aimed at such an angle that neither kind of
particles would hit the screen. But the ion trap
magnet is placed around the neck of the tube, in
just theright position relative to the electron gun,
so that its magnetic field bends the stream of
electrons back into line to reach the screen, while
the heavier ions are allowed to strike a surface
installed in the gun to trap them.

In the older receivers, the ion trap magnet was
an electromagnet with two coils, and it is so
shown in Fig. 2-11. Current models, however,
employ a permanent magnet. It is ring-shaped,
and slips over the narrow neck of the tube. The
front of the magnet is usually indicated by an
arrow pointed toward the screen. When it is set
in ekactly the right position, the screen attains
its maximum brilliance. This adjustment is very
critical. If the magnet is even a little off, no
electrons will reach the screen and no light will
appear on it.

High Voltage Anode. - Refer back to Fig.2-11,
and you will notice 2 terminal on the back of the
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lacge bulb of the tube, marked ‘‘anode connec-
tion,” This is connected to a conducting coating
on the inner surface of the tube. This coating
forms a second accelerating anode. It is supplied
with a high voltage — several thousand volts —
that gives the electrons in the beam the finalhigh
speed needed for a bright picture. Remember that
the beam moves so rapidly across the screen that
it stays on any one spot only a fraction of a
millionth of a second. In order to cause the fluo-
rescent coating to become luminous in that brief
time, the electrons in the beam must be given 2
terrific velocity. This velocity is imparted by
the high voltage on the inner conducting coating.

The outer conductive coating shown in Fig.
2-11 is not the second anode. It is merely
grounded to the chassis. (In metal eavelope
tubes, the metal envelope itself is the second
anode.)

So far, we have a finely focused, high velocity
beam, with ions removed, sweeping in just the
right way across the kinescope screen. But we
still don’t have a picture — only the raster, show-
ing as a luminous rectangle.

accelerating anodes

intensity ~ the number of electrons that are per-
mitted to get through the hole in the grid and
reach the screen. This varies the brightness of
the spot as it sweeps across the screen. When
the camera beam covers a light spat, the trans-
mitted signal causes the kinescope grid to let
more electrons through, and the screen glows
brightly. And when the camera beam covers a
dark spot, the signal reduces the number of elec-
trons in the kinescope beam, and makes the
screen glow dimly or not at all. In this way, the
kinescope beam traces out a duplicate of thelight
and dark areas scanned by the camera beam.

It might be well to mention here that the kine-
scope screen is not black. It is white, or nearly
so. There is no beam of ‘‘black light”’ to make
part of the white screen dark. The ‘‘black”
areas of the picture merely look that way by con-
trast with the luminous or *“‘white’’ parts.

We can summarize all that we have said about
the structure and operation of the kinescope by
the following cross section drawing, in which we
have represented each of the parts we have
discussed:

) focusing coll
cathode
filoment
beom
[/ .
grid
lon -trop
magnets deflection
yoke
high voltoge
terminal
Fig. 2-13

Modulating the Beam. — We obtain the picture
by applying the video signal to the grid of the
kinescope. Remember that the video signal is an
electrical signal that varies in accordance with
the light and dark areas of the scene being
scanned by the camera beam. Applied to the
kinescope grid, it varies or modulates the beam

Now that we have a notion of what goes on
inside the kinescope, we are in a better position
to consider the functions of the other sections of
the receiver. Let’s keep in mind the reason for
all this explanation. It is the job of the installer
to adjust a number of controls, and to instruct the
customer in the use of others. If he understands
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clearly just what each control does to the kine-
scope, he is pretty likely to do a better job of
both adjusting and instructing.

Associated Circuits. — Suppose we re-draw
our block diagram of the receiver, in the light of
what we have just learned about the operation of
the kinescope. We would find it now looks some-
thing like this:

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

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

The Controls. — There are two groups of con-
trols that affect the operation of these various
circuits: (1) the operating controls, located on
the front panel of the receiver, which the cus-

recelving
antenno
tronsmission
line
[
clreults cireuits for
for forming deflection ond
the beam synchronlzation
circuil:c for BOWaE
r-f  tuner controlling the suppliss
and mnnsll‘y ond Tow high
converter modulation of voltage volfage
the beam
Fig. 2-14

Let’s go over this diagram, and see what volt-
ages, currents and signals must be supplied to it.
Remember that each of these presents a possible
need for an adjustment or control with which you
must be familiar.

To cause the cathode to emit electrons for the
beam, we must first, of course, supply power to
the heater. That done, we find the following
groups of circuits are needed to operate the tube:

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

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

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

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

tomer manipulates in normal use of the set; and
(2) the set-up controls, which you adjust when
installing the receiver. They are located on the
chassis but out of reach of the customer.

There are seven operating controls:

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

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

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

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

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

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

The set-up controls are both more numerous
and more complex. Their adjustment will be
taken up in Lesson 3. But just to give you an
idea, here are some of the things they regulate:
beam focus, height and width of picture, center-
ing of picture, horizontal synchronizing circuits,
and vertical and horizontal deflection circuits.
Before we get to these let’s go back to the re-
ceiver sections shown in Fig. 2-14, and consider
how they affect the installer’s job.

Electrical Connections to Kinescope. — When
you place the kinescope in the receiver chassis,
the tube prongs fit into a socket through which
circuit connections are completed to the heater,
cathode, grid and accelerating anode of the
electron gun.

An a-c voltage of 6.3 volts supplies the heater
power, which in turn heats the cathode to the
temperature at which it emits electrons. A re-
latively low direct voltage — 330 volts — applied
to the anode (sometimes an accelerating grid) in
the electron gun itself is sufficient to start the
beam electrons on their way. A much higher volt-
age, however, is needed on the inner conducting
coating to give brilliance to the picture. The in-
tensity of the beam is controlled by a voltage ap-
plied to the grid. Still another d-c voltage applied
to the focus coil produces the current that sets
up the magnetic field to focus the beam.

The ion trap magnet requires no electrical
connection. The focusing coil and the deflection
yoke are already connectedin the receiver chassis.

FOCUS control

d-c¢ voltage

picture
circuits

6.3v. g-¢

d-c volfoge t
+ 330v
BRIGNTNESS control ——

d-¢ voltage

TELEVISION SERVICING COURSE, LESSON 2

One more supply connection has to be made —
the high voltage lead must be connected to the
high voltage terminal on the kinescope. There
are two separate power supplies. The high volt-
age supply furnishes the voltage for the high
voltage terminal on the kinescope. The low
voltage supply furnishes all other voltages re-
quired by the set.

The high voltage of several thousand volts is
dangerous! Do not mess around with tke high
voltage connection while the power is on.

Beam-Forming Controls. — When the power
plug is connected to the 110 to 120-volt a-c line,
and the power switch turned to ON, the kinescope
should work.

There are two controls directly affecting the
beam-forming circuits, shown in Fig. 2-15.

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

The focus control varies the amount of cur-
rent flowing in the focus coil. This sets the
strength of the magnetic field that determines the
amount of bending of the paths of the individual
electrons in the beam. This, together with the
position of the focus coil on the neck of the tube,
determines the pointat which the beam will focus.
In practice, the coil’s position is set as accu-
rately as possible first, and then the focus con-
trol is varied for a fine adjustment.

Beom Forming Controls

high voltage lead
+8500 v

operating control (on front ponel)
BRIGHTNESS control

sor-up control (on receiver chassis)
FOCUS control

coating

Fig. 2-15
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Deflection and Sync Controls. — The voltages
and currents required to deflect the electron beam
are supplied by the deflection circuits in the re-
ceiver. These contain two separate deflection
generators, one to move the beam vertically, and
one horizontally. These generators are kept in
exact step with the signal by means of the sync
pulses transmitted with the picture information.
The sync pulses are separated from the rest of
the composite video signal by the sync sepa-
ration circuits in the receiver. Then the vertical
sync pulses are separated from the horizontal
sync pulses, and each is applied to the appropri-
ate deflection generator. This is shown dia-
gramatically thus:
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that will most easily fall into step with the sync
pulses applied to it. When they are so set, the
effect is to hold the picture in place, preventing
it from moving up and down the screen, or being
distorted horizontally.

The operating controls will function properly
only if the set-up controls are properly set. While
the names and locations of these controls may
differ somewhat on different models of receivers,
in general they are listed in Fig. 2-16.

Beam Intensity and Modulation Controls. —
The two controls that directly affect the beam
intensity are the BRIGHTNESS control and the
PICTURE control. Both are operating controls.

Deflection ond Sync Controls

operating controls (on front ponel)
HORIZONTAL HOLD
VERTICAL HOLD

[ ]

set-up controls (on receiver chassis)
horizontol centering

horizontal vertical ya;r;ca/ centering
3 wid?
deflection deflection height
circuits circuits horizontal linearity
horizontal drive
Aorizontal oscillotor frequency
horizrontal oscillator waveform
vertical linearity
harizontal sync vertical
sync |-~ separotion |—w- sync
circuits circuits [ clreuits
picture
channel
Fig. 2-16

The circuits that accomplish all this are fairly
complex. Again, however, it is not necessary for
the installer to know just how they work. It is
necessary only that he know which controls are
to be adjusted when putting the set in operation,

There are only two operating controls affecting
the deflection and sync circuits. These are the
HORIZONTAL hold control and the VERTICAL
hold control. What each of these controls does
is to regulate the frequency of the corresponding
deflection generator, setting it at a frequency

We have already referred to the BRIGHTNESS
control. When no picture signal is being received,
this regulates the total illumination or brightness
of the kinescope screen. It does not depend on
the picture signal for its operation. But when a
picture signal is applied, the BRIGHTNESS con-
trol regulates the average brightness of the
picture.

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

the spot is reduced by the “‘black’ parts of the
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picture signal. In most sets, this is accomplished
in the intermediate-frequency section of the pic-
ture channel. The PICTURE control varies a
voltage that regulates the amount by which the
picture signal is amplified in this section. With-
out amplification, it would be too weak to have
any appreciable effect on the beam intensity. The
signal is amplified some more in the video ampli-
fiers; these circuits follow the video detector,
where the video signal is recovered in its original
form.

The effect of the PICTURE control is to alter
the contrast between the lightest and darkest
parts of the picture. For this reason, it is some-
times referred to as the contrast control.

Note carefully, however, that the BRIGHTNESS
and PICTURE controls must be adjusted together.
For instance, if the BRIGHTNESS control is
turned up,the contrast seems to become less. For
the same apparent contrast with the brighter
picture, it would be necessary to turn up the
PICTURE control too. The reason for this is best
explained by a simple illustration. If you are in
a room lit by a hundred lighted candles, you can
blow out two of them and hardly notice the differ-
ence. But if only three candles had been buming
in the first place, and you blew out two, the
difference would be considerable. The eye thus
senses changes in illumination relative to the
light already present.

On some models there is one more control that
affects the picture channel. It is the AGC Tires-
hold Control. When properly adjusted, this control
sets the level at which the automatic gain control
operates to prevent sudden changes in picture
contrast when the received signal strength at the
antenna changes. If you have ever seen a tele-
vision picture flicker on the screen as the signal
fades in and out because of airplanes passing
nearby, you will appreciate the value of AGC in
the receiver to minimizé this airplane flutter.
Another value of AGC is when changing from one
station to another of different signal strength.

The Sound Channel. — Up to now, we have
neglected the sound signal while trailing the
picture signal through the receiver. The audio
signal applied to the loud speaker is the output
of a sound channel whose circuits are not much
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different than those of a standard frequency-mod-
ulated broadcast receiver. The sound signal is
separated from the picture signal in the earlier
stages of the intermediate-frequency amplifier
circuits. Then it passes through the sound inter-
mediate-frequency amplifiers, the sound detector
and the audio amplifier, in that order,

On most sets, there is only one sound channel
control — the SOUND control. This is nothing
more nor less than our old friend the volume con-
trol of the broadcast radio receiver. It presents
no problems to either the installer or the cus-
tomer. On some television receivers, itis mounted
on the same shaft with the OFF-ON switch. Also,
some TV receivers have a TONE control, but its
adjustment is purely a matter of customer pre-
ference.

R-f Tuner and Converter. - The television
signals received at the antenna and carried to the
receiver by the transmission line are applied to
the input terminals of the kead-end, or front-end,
of the set. This is usually a separate sub-
chassis, containing the r-f tuner and converter.

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

In general, a converter, as applied to radio
and television, is an electronic device, usually
containing one or more vacuum tubes, that can
convert an r-finput signal to a different frequency.
It does this by actually generating the new fre-
quency, and then suppressing the original fre-
quencies by means of a tuned circuit in its out-
put. If the input is a band of r-f signals, then
the output will also be a band of frequencies,
each frequency differing from an input frequency
by some fixed amount, but the entire output band
having the same bandwidth as the input. Thus,
if the input contains frequencies between 60 and
66 megacycles, the output might contain the fre-
quencies between 21 and 27 megacycles.

The converter in a television receiver consists
of an oscillator and a mixer. Never mind now just
how they work. Just remember that they work to-
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gether to convert the band of input radio-frequen-
cies to a band of lower frequencies — the inter-
mediate-frequency, or i-f band, To be more exact,
it produces two i-f bands, one carrying the video
information, and one carrying the audio. These
i-f bands are the signals that are fed to the pic-
ture chanpel and sound channel in the receiver
respectively.

In addition to the converter and the r-f tuning
coils, the head-end assembly usually contains an
r-f amplifier, which steps up the signal fed to the
converter, and separates the wanted signal from
the unwanted signals.

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

There are two tuning controls on a television
receiver. These are the CHANNEL SELECTOR
and the FINE TUNING control. Both are oper-
ating controls, located on the front panel of the
receiver.

The CHANNEL SELECTOR switch enables
the customer to pick the particular station he
wants to see and hear. It differs from a broad-
castradio tuning control in that it does not permit
continuous tuning over the entire television band
— it just tunes to the channels in use, like a
radio receiver with push-button tuning.

In television, however, tuning must be much
more precise than in sound radio. Therefore an
additional control, the FINE TUNING control, is
provided to enable the customertoshift the tuning
of a particular channel continuously over a very
narrow range, in order to get the station tuned
in exactly.

There are a number of alignment adjustments
that affect the tuning section of the receiver. But
if the receiver has been properly adjusted at the
factory, which it almost always is, these do not
have to be touched by the installer. !n fact, you
should never try to align the set in the customer’s
heome, even if you think it needs it. That is a job
for the technicians in the shop. Therefore, so
far as the installer is concemed, there are no
set-up controls for the r-f tuner and converter.
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There is one exception to this — an oscillator
adjustment that may occasionally be made, and
which will be discussed in Lesson 3.

FUNCTION OF THE RECEIVING ANTENNA

2-5. We've gone to some pains to emphasize
that the important thing in aninstallationjob is to
deliver a strong, clean signal to the receiver
terminals, in order to get a good picture on the
kinescope. In so doing, we hope we’ve put over
the idea that the antenna is an accessory to the
receiver, and not the important thing in itself.
This is true. But having made the point, we must
now mention that the antenna is a very important
accessory.

The antenna is the device that literally picks
the signal out of the air. If the antenna doesn’t
do its job well, that strong, clean signal can’t get
to the receiver terminals. So maybe we’d better
take another look at this antenna business, and
find out what makes the difference between a
good antenpa installation and a bad one.

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

Propagation of Television Waves. — You will
recall that this was the title of one of the num-
bered sections of Lesson 1. So some of this is
likely to be review. Here are the fundamental
facts to be remembered about the television
signal:

1. A very high frequency electric current
flows in the transmitting antenna. [t reverses its
direction millions of times a second. This sets
up a field around the antenna. A field is merely
a region of space in which a force of some kind
exists. Thus the space around the earth would
be called the earth’s gravitational field, since
any body in it would experience the force of the
earth’s gravity. The field around au antenna is
an electromagnetic field. Its force would be ex-
perienced in some way by an electrically charged
particle, such as an electron, or by all the elec-
trons in a conducting body. It differs from the
gravitational field also in that it reverses its
direction at the same frequency as the current in
the antenna. Frequency is the number of com-
plete cycles, or series of values, that the current

~
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goes through in a second. A megacycle is a
million cycles. Thus, when we speak of a 50-
megacycle signal, we mean one that goes through
50 million cycles every second.

2. This altemating electromagnetic field
exists not only right near the antenna, but at a
great distance from it as well. But it takes a de-
finite length of time for the changes in the field —
which changes constitute our television signal —
to reach a particular point. These changes travel
through space, out from the antenna, at the speed
of light: 186,000 miles or 300,000,000 meters per
second. (A meter is 39,37 inches.) This travel-
ling field of force, alternating its direction as it
travels, thus moves as electromagnetic waves.

3. The strength of the travelling field, or
wave, or signal — for our purposes, we can con-
sider the three terms as different names for the
same thing — diminishes as it gets further and
further from the transmitting antenna.

4. Electromagnetic waves consist of two com-
ponents — an alternating electric field, and an
aiternating magnetic field, at right angles to each
other. If the transmitting antenna is horizontal,
then the electric component of the wave is also
horizontal, and the magnetic component is verti-
cal. Such a wave is said to be horizontally
polarized. Hang onto this idea, for that is the
kind of waves we deal with in commercial tele-
vision. We’ll return to it in a moment.

S. The transmitted television signal, or wave,
follows approximately a line-of-sight path, out
from the transmitter in all directions. Unlike
lower frequency radio waves, it is not reflected
from the upper ionized layers of the atmosphere,
and it does not (except under very unusual con-

ditions) follow the curvature of the earth.

6. Television waves, like radar waves, are
reflected by objects in their path, much as light
waves are reflected. Since the reflected tele-
vision wave travels a longer distance than the
direct wave in getting from the transmitter to the
receiver, it arrives a little later. The difference
in time is only a few millionths of a second. But
that is long enough to produce a second image, or
ghost, as shown in Fig. 1-22, of Lesson 1.

7. Television signals, as we said in item 1,
alternate millions of times per second, and we
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can therefore refer to the frequency of the signal.
But the television signal has not just one fre-
quency but many, at the same time. This may not
seem to make sense right now. If it doesn’t, just
take it on faith for a while. The signal from any
one station, as we said in Sec. 2-3, has all the
frequencies within a band six megacycles wide.

8. Other electromagnetic radiating sources —
such as automobile ignition systems, diathermy
machines, amateur radio transmitters and thunder-
storms — may radiate waves containing some or
all of the same frequencies as those of the tele-
vision station we want to tune in. These interfer-
ing signals, unfortunately, can be a major annoy-
ance to the television technician, for they can
mar or even destroy the picture if strong enough.

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

What the Antenna Does. — So far, our signal
consists of a rapidly alternating field of electri-
cal force, travelling in waves out from the an-
tenna. These waves contain actual electrical
energy. An antenna is simply a device that will
catch a small bit of that energy, and convert it
into a form we can use — a high frequency elec-
tric current.

Essentially the receiving antenna is simply
an electrical conductor to which the alternating
electrical force of the radiated waves can be ap-
plied, causing a current to flow back and forth in
it. Thus if a straight rod of copper is suspended
in midair in such a way that the electrical force
of the wave can act along its length, a current
will flow in the rod.

Remember we said in item 4 that the electric

. component of the wave is horizontal. So to get

the most current in the rod, it too must be hori-
zontal. Also, the direction of the electric force
is perpendicular to the direction in which the
wave travels. So again, to get the most current
in the rod, it must be broadside to the wave, as
illustrated in Fig. 2-17.

If the rod is pointed at the transmitting an-
tenna like a spear, the electric force.of the wave
does not act along its lenyth, and practically no
current is made to flow in it.
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Fig. 2-17

Even if current is flowing in the rod, it does
us no good unless we can lead it to the receiver
terminals. So we cut the rod in the middle, and
attach a transmission line to the cut ends. We
then have the simplest kind of television receiv-
ing antenna, called a dipole.

Dipole Antenna. — A dipole antenna (or just
dipole) is a metal rod cut in the center and suit-
ably mounted, like this:

Fig. 2-18

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

In addition, it picks up signals best at a
particular frequency. This best frequency is
determined by the length of the antenna. However,
it will pick up signals fairly well at other fre-
quencies — which is fortunate for us, for other-
wise we'd have to have a separate antenna for

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

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

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

picks up practically
no signal from
this direction

dipole //
T NP S O

picks up signal
fairly well from
this direction

picks up signal
best from this
direction

Fig. 2-19
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The shorter arrows indicate other directions
from which it will pick up signals, but not quite
so well.

However, this directivity pattern holds good
only for signal frequencies close to the “‘best
frequency” of the dipole. If the signal frequency
to be picked up is considerably higher than this
“‘best frequency”, then the direction of the best
pickup is no longer broadside to the dipole as
shown in Fig. 2-19. A dipole cut for Channel 2
would pick up only a small amount of signal from
a high band station (Channels 7 to 13) located
broadside to it. Instead, it would pick up higher
frequency signals equally well from the four
directions shown here: ’

/N

direction of best
pickup from higher
frequency stations

Fig. 2-20

This characteristic can be helpful if the high
and low-band stations desired happen to be lo-
cated in the directions of best pickup. But if the
Channel 2 and Channel 9 stations, for instance,
are both located in the same direction, the an-
tenna often cannot be oriented to pick up both
stations well — that is, not unless we add some-
thing to the antenna.

In such a case, we would add loading wings to
the dipole, so it would look like this:

Fig. 2-21

With this addition, the antenna will pick up
both high-band and low-band stations best from
the broadside direction,and the directivity pattern
of Fig. 2-19 will hold for all stations.

This use of loading wings is just one example
of the complications that frequently arise. We
won’t pursue the matter any further now. We just
didn’t want you to thinkthat a simple dipole would
always work satisfactorily. Things just don’t
work out that easy. There are many othér ex-
pedients that can be used to meet special sets of
conditions — and before you finish this course,
you will be familiar with the directivity patterns
and other characteristics of a fairly wide variety
of antenna types from which you will have to
select the one most effective for each job.

GETTING THE SIGNAL FROM THE ANTENNA
TO THE RECEIVER

2-6. Back in our summary of how television
waves are propagated, we said they could be re-
flected by objects, like light. It follows from
this that those same objects can block off recep-
tion, just as a building blocks off sunlight, cast-
ing a shadow on the lower buildings around it.
To avoid this cutting off of the television signal
by surrounding buildings, hills and the like, tele-
vision receiving antennas are often mounted as
high as possible — either on the roof, or on top
of a tall mast.

Since very few of our customers spend much
time on their roofs, it is our job to lead the signal
from the rooftop antenna down into the living room
where the receiver is located. It might seem that
any old piece of lamp cord would do for the pur-
pose, providing it were long enough. Unfortun-
ately, this just ain’t so. At the frequencies used
in television, electricity is very choosy about the
path it follows, and misbehaves badly when the
path we provide isn’t just right.

Indoor Antenna?~ This is a good opportunity
to inject a note of optimism. There are many in-
stallations where it is not necessary to put up an
outdoor antenna on the toof. [f the receiver is
located near enough to the broadcasting stations,
and if reception isn’t shadowed by nearby tall
buildings, and if a number of other things, it may
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be possible to get very satisfactory reception
with an antenna located right in the living room.
It may be on a convenient pedestal placed on top
of the receiver, or hid under the rug. Or it may
even be built right into the cabinet, which is the
case for many receiver models.

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

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

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

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

Fig. 2-22

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

Transmission Line Charocteristics. — Look
back at that definition we gave at the beginning
of this section, and notice those final words:
‘‘..with as little loss and distortion as possible.”
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Any transmission line will dissipate some of
the energy fed into it, and deliver less at the re-
ceiver than it takes from the antenna. Naturally,
we want to keep this loss as low as possible.
The parallel transmission line ordinarily usedhas
a few disadvantages. For instance, it can pick
up interfering noises where local electrical dis-
turbances are bad. This is one of the cases in
which it may be necessary to choose a different
type of line. In installing the parallel wire line,
it is very important to keep it away from other
lines, conduits, metal surfaces and wet walls —
any of which can ‘‘steal’’ energy from the line if
they are too close, and so reduce the strength of
the signal delivered to the receiver terminals.

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

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

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

We now have two sigmls arriving at the re-
ceiver, one lagging the other slightly, just as
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when the radiated signal was reflected from a
building to produce a ghost image on the kine-
scope, as explained in Lesson 1. The effect
here is just the same, except that there may be
several ghosts instead of just one, depending on
how many times the signal is reflected up and
down the line before it becomes too weak to
affect the receiver circuits. This phenomenon of
a ghost caused by mismatching of the transmis-
sion line is called line bounce ot line reflection.
Whether enough reflection takes place to cause
the multiple images depends on the degree of mis-
match. To complicate things further, if the line
and receiver are matched at one frequency, they
may be mismatched at a greatly different fre-
quency. However, since the spacing of the multi-
ple images depends on the length of the trans-
mission line, they are not generally noticeable if
the line is less than about 150 feet long.

This is getting complicated, isn’t it? Well,
we've mentioned before that television isn’t
simple. But if you take the complications one
at a time, and learn what to do to correct the re-
sulting , difficulties, they shouldn’t bother you
too much.

A TYPICAL INDOOR ANTENNA INSTALLATION

2-7. Before the performance of the receiver
can be checked thoroughly, some form of antenna
is necessary. Although a rough check of the re-
ceiver can be made with a temporary antenna, it
isn’t usually worth while. When the installation
is being made by a two man team, the general
practice is for one man to begin unpacking and
setting up the receiver, while the other starts the
antenna installation. At some points, the men
may have to assist each other. Or the entire job
may be done by one man. This is especially
likely in areas where it is known that an indoor
antenna usually gives satisfactory reception.

There are several types of indoor antenna in
use. One of them will be described in this sec-
tion, and its installation explained briefly. Later
lessons on antennas will cover other types of
indoor antennas, including any that may be built
into the receiver cabinet.

Preliminary Steps. — Before going into the de-
tails of an indoor installation, however, let us
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take the time to review briefly some preliminary
steps for all installations. The installation job
starts at the service shop. When there are two
men on the installation team, the senior team
member is responsible for the truck and is in
charge of the installation. Naturally, he will do
most of the talking whenever that is necessary
in the customer’s home. When you are the whole
one-man installation crew you will have to take
care of everything.

The first thing to do is check the installation
truck and everything in it to be sure that nothing
is missing for the day’s work. The truck should
have a complete complement of parts — usually
enough for a full week. In general, the truck
should have enough parts for from 10 to 15 com-
plete antenna installations of the type generally
used in your district. After the work orders for
the day are picked up, you are on your way to the
installation job.

Assume for now that conditions are just right
for making an indoor antenna installation. The
customer is willing to have an indoor antenna,the
location is no more than about 10 miles from the
television stations so that there is enoughsignal,
there are no multiple path reflections to produce
ghosts in the picture and interference is negli-
gible.

Here is an opportunity to use the indoor an-
tenna and obtain its advantages. And there are
plenty of advantages. With an indoor antenna
there is nolong transmission line to pick up inter-
ference, no lightning armrestor is needed because
there is no danger from lightning with the antenna
indoors, no one has to climb up to the roof and
there are no worries about the antenna falling or
changing position in a high wind, and there is no
problem of obtaining the landlord’s permission.
With the extended rod type of indoor antenna de-
cribed in the next paragraph, the customer can
adjust the length and orientation of the antenna
himself,

Extended Rod Antenna. — The simplicity of an
indoor installation is illustrated in Fig. 2-23.

Here an extended rod dipole antenna is placed
on the receiver, where the rods can easily be
adjusted. Their lengths can be changed and their
angle adjusted to give the sharpest possible
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Fig. 2-23

tuning for the best picture and sound on each
station. Very often a ghost in the picture can be
eliminated by turning the antenna to favor the
direct signal. A short length of Bright Picture
transmission line comes with the antenna. Simply
connecting it to the antenna posts on the receiver
completes this indoor installation.

The position of the receiver in the room should
be determined early in the installation because
it will affect either the placement of an indoor
antenna or the way the transmission line will run
for an outdoor antenna. When you expect to put
an indoor antenna on the receiver, it is a good
idea to have the set against a wall that faces in
the direction of the broadcast stations. However,
placement of the set depends a great deal on
customer preference. When the customer’s choice
is obviously going to produce poor results, you
should convince her of this fact.

Remember that the antenna location is what is
important, and it doesn’t have to be on the re-
ceiver. " If you find a spot for the indoor antenna
that produces good results you can always add
the required length of transmission line. The line
is routed neatly to the receiver and kept out of
sight as much as possible by running it along the
baseboard of a wall or under the edge of the wall-
to-wall carpeting. It is kept in place by fibre-
headed tacks.
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A SIMPLE OUTDOOR INSTALLATION.

2-8. When the picture and sound are not good
enough with an indoor antenna, you will have to
mount the antenna on the roof. It is usually pos-
sible for an experienced installer to tell in ad-
vance whether he will have to do this in a parti-
cular location. Just how to decide what kind of
antenna will be needed is discussed fully in a
later lesson. There are many possible compli-
cations, but for now we shall take the common
case of a simple dipole antenna and see what is
required in this outdoor installation. In many
cases where an outdoor antenna is required, a
simple dipole will furnish plenty of signal for the
proper operation of the receiver.

A typical installation of an outdoor antenna
on a two-story frame house looks like this:

ANTENNA RODS

P~
- '""Wsmrrz
DIPOLE R

|
|
I

WNDOW BRACKET

\

TRANSMISSION LINE

METAL GROUND ROD ORIVEN
INTO MOIST EARTN

Fig. 2-24

Let’s examine the installation step by step,
and see what has to be done. First comes the
assembly of the antenna itself. For the simple
dipole this is pretty easy. Each rod of the dipole
slips through a hole in the support arm and is
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held tight with washers and a nut that screws
onto the end. With both rods attached, and the
support arm clamped to the mast, the antenna
assembly is completed.

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

Of course, you should tell the customer in
advance how and where you are going to make
the antenna mounting so that there will not be
any complaints later on this score. Presumably,
the spot was chosen because you know that the
location will be a good one for the antenna. Once
in the brackets, the mast can then be rotated
easily for the best orientation of the antenna, and
clamped tight with U-shaped bolts.

As you can see, with an outdoor antenna in-
stallation it is usually necessary for you to climb
a ladder and use tools such as drills, pliers.and a'
hammer. That is a good time for you to think
about safety — your own and the safety of others.
Use your common sense and don’t take any
chances when using the ladder and the tools. It
is smart to be careful in your work; it's plain
dumb to take unnecessary chances of hurting your-
self.

Transmission Line Routing, — For the trans-
mission line run, small round lugs at the end of
the line are slipped onto the dipole rods to make
connection to the antenna. ‘Then the line is
brought down by means of standoffs attached to
the mast pipe. Screw eye standoff insulators are
attached to the wall of the house to support the
line and bring it down to the basement window.
Always do a neat job on the transmission line
run, with no slack, and keep the line as unob-
tusive as possible. Run it straight down a wall —
not sloping or draped across — and keep down to
a minimum the length ofthe line that is horizontal.
The line should be kept away from rain gutters
and other metal parts of the house.

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

shown in Fig. 2-25, a 7/16 in. hole is drilled for
the line at the side of the basement window. The
hole is drilled to slope downward toward tke out-
side so that no water can seep in when it rains.
The transmission line is run through aninsulating
bushing or loom, and then both ends of the hole
are plugged with plastic wood or a rubber stopper
to make a neat professional appearing job. Then
run the line in the basement to a point under the
set. A 7/16 in. hole can be drilled through the
bottom moulding of the baseboard at the receiver
location to bring the line up to the set, where it
is finally actached to the antenna terminals on
the receiver.

DRiLL Ve MOLE FOR
TRANGMISSION LINE

THRU BOTTOM
OF BASEBOARD

YO TELEVISION
RECEIVER

TRANSMISSION LINE

LIGHTNING ARRESTER
NTED ON WATER PIPE
WITH GROUND CLAMP

Fig. 2-25

Lightning Profection. —~ There are two more
important steps in the installation job: (1) the
need for grounding the antenna mast, and (2) in-
serting a lightning arrestor in the transmission
line run. A connecting wire must be tun from the
mast to a good ground connection like a cold
water pipe, or to a metal ground rod driven into
moist earth as shown in Fig. 2-24. The lightning
arrestor for the transmission line is mounted as
near as possible to the point where the line
enters the building.

These two precautions are very important, al-
though it may not seem so when you are making
the installation on a clear, sunny day. They pre-
vent static electrical charges that tend to build
up on the antenna after a period of time, and pro-
tect the receiverand antenna from serious damage
by lightning.

Possible ~ and Probable ~ Complications. -
This completes our overall view of a simple out-
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door installation. However, not all installations
are as easy as this. The complications will be
explained in detail in later lessons on antennas.
As an example, to pick up more signal or place
the antenna further away from a source of inter-
ference, the antenna may have to be mounted
higher than shown here. Then it will be neces-
sary to run sturdy guy wires to the mast in order
to hold the antenna steady in a strong wind.
Different mountings may be used for the mast,
depending on whether it is mounted on a chimney,
a flat roof, an elevator penthouse of an apartment
house roof or on a brick wall.

In many locations it is desirable to use an
antenna that has an added rod mounted behind the
dipole antenna. The additional rod is called a
reflector. It makes the antenna receive signals
best from the front, with little pickup from behind,
to help eliminate ghosts in the picture caused by
a reflected signal that might be received from the
back of the antenna. Loading wings may be add-
ed to improve the reception of high band stations.
In some locations it may be necessary to use a
dual-band antenna with the normal antenna for the
low band television stations, and a shorter an-
tenna added for the high band stations. Besides
the more elaborate assembly, there is then a
“*matching harness’’ consisting of sections of
line to match both antennas to a common trans-
mission line. If the noise picked up by the trans-
mission line is very severe, it may be necessary
to use special shielded coaxial cable for the
transmission line run.

PUTTING THE RECEIVER IN OPERATION

2-9. Now we can talk about the job of putting
the receiver in operating order so we can see a
picture on the screen. Assume you are in the
customer’s home, ready for the installation job.
Either you’ve already installed the antenna and
transmission line, or your team mate is doing
this job, and it will be finished by the time you
need it to check the reception. We’ll outline
briefly now the following parts of the instal-
lation job: (1) unpacking (if any), (2) setting up
the picture tube for proper operation, and (3)
correct use of the front panel operating controls
in tuning the receiver. ‘The complete explanation
of these operations, and of the adjustment of the
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set-up controls, will be given in Lesson 3.

The first thing to do toward putting the re-
ceiver in operation is check the model number
and serial number of the set, because there are
important differences among various models. Be-
fore even going to the customer’s home, you
should have read the Service Data notes, in-
struction book and unpacking instructions for the
receiver model being installed. Don’t wait until
you're in the customer’s living room to read in-
structions — the customer could easily get the
idea that you don’t know too well what you're
doing, and that’s hardly the way to win the
customer’s confidence,

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

Installing the Kinescope. ~ This can be con-
sidered in two parts: putting the picture tube in
its mounting on the receiver chassis, and making
the kinescope adjustments necessary for getting
a good picture on the screen. At the present time
some receivers are shipped with the picture tube
in place, which means that it will not be neces-
sary for you to insert the kinescope. However,
this is only a convenience for shipping and does
not mean that the kinescope is ready for operation.
The installation adjustments for the picture tube
still have to be made.

For those receivers that need to have the
picture tube inserted, remove the kinescope from
its carton, following the unpacking instructions.
The kinescope is inserted in its chassis mounting
from the front of the receiver, like this:

Fig. 2-26
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Check with the Service Data manual of the
specific receiver for exact instructions on re-
moving the shipping screws and inserting the
kinescope because this can be a little tricky and
you can waste a lot of time if you don’t know ex-
actly what to do. The detailed procedure will be
explained in Lesson 3. After inserting the tube,
set the front of the kinescope on its cushion rest
or support brackets and the tube can then support
itself.

When putting back the panels it is generally a
good idea to leave the mounting screws a little
loose to make sure that the picture tube is center-
ed and straight with respect to the mask before
the final tightening. The customer will be very
critical on this point because it spoils his enjoy-
ment of the picture if he can see an edge of the
kinescope. Do not force any panels against the
kinescope, and don’t forget to clean the face of
the picture tube and the front panel safety glass.

The insertion of the kinescope requires that
you first remove the front panel; but to center the
kinescope you’ll need the mask over the front of
it for a reference, and that requires that the front
panel be replaced before adjusting the support
brackets.

The ion trap magnet can then be slipped over
the base onto the narrow end of the tube, and the
kinescope socket attached to the tube base. The
center of the tube base has a guide that fits into
a notch in the socket. With these in line, the
socket can be pressed firmly home to make good
connections with the tube base. Then connect
the high voltage lead to the picture tube.

Kinescope Precautions. - There are several
important safety points for you to keep in mind
when installing the picture tube. First of all,
always remember that if the tube breaks someone
may be hurt pretty badly by the flying glass. Be-
cause of the large surface area of a picture tube
and the vacuum within, the kinescope is more
liable to breakage than a small vacuum tube. So
handle the tube gently and use common sense
when working withit, Always wear safety glasses
to protect your eyes from flying glass in case the
tube breaks. Keep the customer and the children
away from you when handling the tube, for their
own protection and so they will not distract you
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while you are working. However, you don’t have
to be afraid of the picture tube. If handled with
reasonable care it will not break.

Another important point to remember for your
safety with a kinescope is that the anode voltage
is very high — approximately 9000 volts or more.
There is danger of an electric shock if you touch
the metal connector on the high voltage lead, or
the anode connection of the picture tube. Besides
the danger of injury from the shock, you may get
so excited as to drop the tube or anything else
you may have in your hand, which might cause
more trouble than the shock itself. Modern tele-
vision receivers use a specially designed high
voltage supply so that normally there is not enough
power to produce death from shock. But, anyway,
never touch the high voltage circuits when the
the power is on; and be sure that the high voltage
condensers are discharged with the power off be-
fore touching any high voltage connection.

Kinescope Adjustments. - With the kinescope
inserted and the leads connected, you can plug
the line cord into the 110-120 volt a-c power out-
let and then turn the receiver on to make the
picture tube adjustments. These include posi-
tioning the deflection yoke, focus coil and the
ion trap magnet. The exact adjustments for
specific receiver models will be explained in
Lessons 3 and 4 but we can go over the general
procedure here to emphasize some important
points.

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

To adjust the focus coil, you can move it
after loosening it in its mounting. The focus coil
is adjusted for fine focus in the raster, with the
raster approximately centered and without any
shadowed corner. You can tell when the focus is
good by adjusting for clear thin scanning lines,
In receivers that do not have any controls to
center the picture, the position of the focus coil
has to be adjusted for centering.

The deflection yoke is positioned to align the
raster on the screen with respect to the mask.
When they are not aligned, the picture looks
like this:
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Fig. 2-27

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

After the kinescope adjustments have been
made properly, the screws and wing nuts for the
coil mountings should be tightened so that the
settings will stay the same. Be careful not to
disturb these settings while you are making them
tight.

Simple Preliminary Check of Reception. —
Before proceeding too far with the details of the
installation you can make a simple preliminary
check of reception to see that the receiver is
operating properly. Once the picture tube has
been installed it is possible to see on the screen
various aspects of normal receiver operation.

The first requirement is that there be a raster.
Assuming that the kinescope adjustments have
proceeded normally you will have a clear raster
with sharp scanning lines. If all you can getis
a horizontal line on the screen, there is trouble
in the vertical scanning circuits of the receiver.
If no light at all can be obtained on the screen
there may be trouble in the kinescope high volt-
age circuits, or the picture tube may be defective,
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assuming that the kinescope installation adjust-
ments have been made properly and the ion trap
magnetis correctly adjusted and working properly,
If there is any such trouble with the receiver the
best thing for you to do is to follow the advice of
your branch office on what to do about it.

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

To check further and see that you can actually
get the desired picture and sound, you will have
to turn the channel selector switch to a station
that is broadcasting at the time and supply some
signal to the antenna binding posts. For just a
preliminary checkofreception you may get enough
signal for sound and a picture by putting your
finger on the antenna binding post, or setting up
a simple indoor antenna. It may be that the sound
will be noisy and the picture moving or torn apart
in diagonal segments, indicating that additional
tuning adjustments have to be made. But with
this preliminary check of reception at least you
know that the receiver is operating and you can
continue the installation with the expectation of
obtaining a good picture and good sound.

Front Panel Controls. — With the receiver
operating normally, an antenna installed, and the
set-up adjustments on the receiver chassis made
correctly, it will be possible to obtain the de-
sired picture and sound for all television broad-
cast stations in the locality by proper use of the
front panel controls. In order to have a specific
case in explaining the controls and tuning, we’ll




2-28 TELEVISION SERVICING COURSE, LESSON 2

discuss the model 9T-240 as a typical receiver.
The front panel looks like this:
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Only four positions are used for the seven
controls because the dual control shafts and the
dual knob arrangement makes a neater appear-
ance than having the controls spread out. Start-
ing at the right of the panel, as you would face it
to operate the receiver, there is a dial with the
channel numbers for the STATION SELECTOR
switch. This is a bar knob that you turn to tune
in any channel from 2 to 13. The round knob with
the selector switch is the FINE TUNING control.
As its name implies, it provides fine tuning for
any channel selected to bring in the best sound
and picture.

Next to the tuning controls there is another
dual control on this model with the OFF-ON
SOUND volume as one control (a small knob) and
a larger round knob for the PICTURE or contrast
control. The sound control is adjusted to make
the sound louder or softer, as in AM broadcast
radios. The picture control is -adjusted for the
desired contrast in the picture.

At the left side of the front panel, the next
control is the BRIGHTNESS, which adjusts the
overall brightness of the picture. In this receiver
model, the BRIGHTNESS control is by itself and
not paired with any other control.

At the extreme left are the dual controls con-
sisting of the HORIZONTAL hold control in the
inner position (small knob), and the VERTICAL

hold control on the outside (large knob). The
HORIZONTAL hold control holds the picture
together by keeping the horizontal line scanning
synchronized. The VERTICAL hold control holds
the picture in frame, preventing it from moving
vertically.

The position of the controls will of course be
a little different in various receiver models be-
cause of the chassis layout. In receivers earlier
than the 9T240 model the BRIGHTNESS control
was at the extreme left, with the HOLD controls
next to it. In later receivers the PICTURE con-
trol may be grouped with the BRIGHTNESS so
that it is more convenient to adjust these to-
gether, as is usually necessary. The OFF-ON
SOUND control may then be by itself or grouped
with a tone control when there is one.

Tuning the Receiver. — If you don’t know al-
ready, it will not take long for you to find out
that correct use of the front panel operating con-
trols can easily be the difference between very
bad results and a beautiful picture with excellent
sound. Of course, you may know how to adjust a’
receiver to get the best results from it. But you
probably do this intuitively, and when called
upon to instruct a customer you may be at a loss
to know how to express in words those little
things you do to obtain peak performance. You
can study the tuning steps that follow and try to
adapt them to your style, going over the process
in your mind and practicing what you will say to
the customer so that she can understand and re-
member your instructions.

Assuming that the picture tube has been in-
stalled, the set-up controls on the receiver chas-
sis have been adjusted and the antenna is con-
nected, what we’ll do next is make a trial run of
tuning the model 9T 240 receiver, paying special
attention to the effects you may observe while
tuning. The steps given here follow the procedure
given in the customer’s instruction book that
comes with the set. Since you will have to in-
struct the customer, it is a good idea to read the
instruction book carefully, even though you are
entirely familiar with the operating procedure
yourself,

The receiveris turned on and tuned as follows:

1. Making sure that the line cord is plugged
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in, first turn the OFF—ON SOUND control slightly
clockwise to switch the receiver on. After you

hear the switch click, turn the control about one-
half turn further.

2. Set the STATION SELECTOR switch to the
desired channel number, Of the 12 positions there
will be stations broadcasting on only some
channels. You ought to be familiar with the tele-
vision stations ir your locality and when they are
on the air.

3. Allow about a half-minute for the set to
warm up. The sound may come in before the pic-
ture does, and there may be diagonal bars on the
screen for a moment before you see the picture,
but this is normal.

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

Now the FINE TUNING control should be varied
for the best sound. This is where the sound comes
in clear and loud with minimum background noise.
The SOUND volume control can then be adjusted
for the desired volume. After the receiver has
been on for a few minutes, it may be necessary to
readjust the FINE TUNING control a little, as
the oscillator in the front end of the receiver
changes frequency slightly when it warms up.

It may be possible to obtain sound at three
adjacent positions of the FINE TUNING control.
The middle of the three is the correct tuning
position, which eliminates any sound bars appear-
ing in the picture. The sound bars look like this:
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Fig. 2-29

They usually change in width with the sound
volume, since they are caused by the sound
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signal in the picture amplifier circuits of the
receiver.

Adjusting the FINE TUNING: control just right
is very important in receiving the best picture
and sound. [f the control is far from the correct
setting there will be no sound at all. Sometimes
there are very small wiggly lines in the picture
because the fine tuning is not exactly right, and
they clear up as soon as this control is set pro-
petly. Always adjust the FINE TUNING for the
best sound with minimum background noise. If
this does not seem to provide the best picture,
either something is wrong with the set or there is
not enough signal for the receiver and you'd better
start doing something about a better antenna.

S. If necessary, adjust the PICTURE control
for the desired contrast in the picture.

When shutting off the set, just turn the OFF—
ON SOUND control to OFF, (counterclockwise),
noting the click of the switch as it is turned off.
The screen illumination may persist for a moment
on some picture tubes after the set is turned off
but don’t worry about this, as it is entirely normal.

When the other front panel operating controls
have to be adjusted, the following additional
steps should be taken. Don’t be afraid to tumn
the knobs but do not force them beyond their
stops. After tumning the set on and setting for the
desired channel, as explained previously in steps
1 to 4, you can proceed as follows:

With the PICTURE control at approximately
its mid-position, adjust the BRIGHTNESS control
until light just barely shows on the kinescope
screen. Then set the PICTURE control for the
desired contrast in the picture, and the BRIGHT-
NESS control is re-adjusted to make the retrace
lines just disappear from view. Fig. 2-30 on the
next page shows the retrace lines as they appear
in the picture when the BRIGHTNESS control is
set too high.

It is important to remember the difference in
function between the BRIGHTNESS and the
PICTURE controls. The PICTURE control af-
fects both the brightness and the contrast you
see on the screen, and should be adjusted for a
pleasing picture. The BRIGHTNESS control
should be at the point where the retrace lines are
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blanked out, with the picture control set for the
best contrast and brightness in the picture.
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Fig. 2-30

8. Adjust the VERTICAL hold control to make
the pattern on the screen stop moving up or down.
When the picture drifts vertically with a black
horizontal bar showing, or there are several pic-
tures moving up or down the screen, as shown
below, adjust the VERTICAL hold control to stop

the motion.

Fig. 2-31

If the VERTICAL hold control-is completely
out of adjustment you may not recognize the pic-
ture, as it appears sliced into many horizontal
segments running up or down the screen. Anytime
you see duplicate images one above the other
rolling on the screen, adjust the VERTICAL con-
trol to the point that just stops the picture and
holds it in frame,

9. Adjust the HORIZONTAL hold control to
eliminate diagonal bars and synchronize the
picture horizontally. The HORIZONTAL control
should require little attention unless disturbed.

The picture will usually pull itself into synchro-
nization in less than a minute after the set is
turned on, and will stay synchronized for the
duration of the program. If the HORIZONTAL
control is misadjusted counterclockwise from
its correct position, the picture may remain syn-
chronized for a time but only until some disturb-
ance throws it out of synchronization. The pic-
ture will then be sliced diagonally into segments
running upward from left to right, as shown in
Fig. 2-32-a. To correct this condition, turn the
HORIZONTAL control slowly clockwise until the
picture snaps into synchronization, and then turn
the control slightly beyond (20 or 30 ‘degrees).

Fig. 2-32-a

If the HORIZONTAL hold control is misad-
justed clockwise from its correct position, the
picture may bend and shift toward the right, or
split into diagonal segments running downward
from left to right as shown in Fig. 2-32-b.

Fig. 2-32-b

To correct this, turn the HORIZONTAL control
counterclockwise until the picture falls into syn-
chronization, and then turn it about 90 degrees
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beyond. This will,give approximately the same
setting as for the adjustment just described to
eliminate the upward diagonal bars.

The HORIZONTAL control, once set correctly,
should require resetting only under conditions of
extreme variations in temperature or humidity, or
unusual changes in tube characteristics due to
aging. The reason for this extremely stable hori-
zontal synchronization is the synchroguide circuit
used in this receiver, which automatically holds
the horizontal scanning circuit synchronized in
the presence of all but the most severe noise.

9. To change from one station to another all
you will have to dois switch the channel selector,
adjusting the fine tuning slightly for the best
sound. Usually, the picture slips vertically for
one frame when changing stations, but this is
normal, and the vertical synchronizing circuit
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will hold the picture steady for the new station
after it moves into frame. This happens often
when a switch in program is made at the broad-
cast station, and is nothing to worry about. If
the sound and picture do not come in just right on
the new station, however, you can go through the
fine tuning procedure again.

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

purpose.
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Lesson 3

RECEIVER INSTALLATION PROCEDURE

3-1. There is more to the job of setting up the
receiver in the customer’s home than just plug-
ging in the line cord and turning on the power. In
Lesson 2 we outlinedthe essential steps involved
in receiving the television signal, from the time
it leaves the transmitter to the reproduction of
the televised picture on the kinescope screen
and sound by the loud speaker. That covered
considerable territory since' the overall picture
had to include, in addition to the operation of the
receiver itself, the television signal and how it
got to the receiver location, by means of the an-
tenna and transmission line. In this lesson we
will concentrate on the receiver, and how it
should be set up and adjusted to get the best
possible picture.

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

. Contacting the customer

Unpacking the receiver

. Putting the receiver in operating condition
Installing the antenna and line

Instructing the customer

Cleanup and depurture
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Each of these steps has several details, of
course, and these will be taken up as we discuss
each step in order. In describing -the whole pro-
cedure, it will be convenient to choose a typical
receiver to use as an example, such as the RCA
Model 9T240 shown in Fig. 3-1. However, you
should keep in mind that this is merely an ex-
ample, and that there will be differences between
sets of various makes and models. These dif-
ferences need not upset you, though, if you will
study the manufacturer’s service notes for the
particular receiver you are going to install. After
all," in spite of individual differences, receivers
are doing essentially the same job — providing a.
teleyvision picture. You'll find that this same set
of steps can be followed in installing any set,

Fig. 3-1

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

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

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

Your best move isto present your identification
card, if you have one (showing your name and
occupation, of course), with a normal greeting,

" and a brief remark or two explaining why you

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

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

i
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Fig. 3-2

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

PLACING THE RECEIVER AND ANTENNA

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

Factors Affecting Receiver Placement. — In
addition to the customer’s personal wishes, there
are some other things that influence the place-
ment of the receiver. Whenever possible, it’s
best to put the receiver right where the customer
wants it. But some of the factors taken up here
will have considerable effect on the service
life and performance of his set, and some will
affect the appearance of the picture. Naturally’
it’s your job to point these things out to him, and
explain why they may make a given spot less
desirable than some other one.

With a television set, the picture is the main
thing, of course. So be sure the spot chosen by
the customer is one in which the set can provide
a good picture, that can be seen from as much of
the usable part of the room as possible. Don’t
put it where a glaring light shines on the screen,
or where there’s a glaring light right next to the
set, for that matter. Either arrangement will in-
terfere seriously with the customer’s enjoyment
of the picture, and very likely will result in a
callback for relocation. Remember also that
things are sometimes much different at night than
in the daytime (other lights on, etc.), and vice
versa. Strong sunlight through a nearby window,
or even outside advertising: sign may cause
trouble.

Mechanically, there are also a few points
worth remembering. The line run and power cord
must be protected from accidental damage, and
they should also be reasonably short and con-
venient. Also, they should usually permit moving
the set for cleaning around it. These things are
seldom a problem, but should not be forgotten.
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Electrically, the only serious consideration is
the use of either an indoor or internal antenna.
When one of these must be used, other consider-
ations in placing the set, will often have to be
given secondary importance, if reasonable re-
ception is to be had. In case you are doing one
of these jobs, you’d better try out reception first,
and then choose the final spot with the customer’s
aid and approval.

Fig. 3-3

Choice of Indoor vs. Outdoor Antenna. — For
proper receiver operation it is important to de-
liver a strong clear signal to the receiver input
terminals. In most areas within 10 miles of a
television transmitter and in many cases even
farther away, an indoor antenna can pick up and
deliver-a satisfactory signal to the receiver. You
can usually use an indoor antenna if:

1. The pictures are clean and of good quality on the
channels the customer wants.

2. These stations can be had with simple relocation
or turning of the antenna.

3. In a console model receiver, the AM and FM broad-
casting reception is satisfactory with the indoor
installation.

4. The customer or landlord will not permit an outdoor
installation. The reception may or may not be good.
In some cases, an mdoor antenna will have to be
used, even though its performance is poor. The
customer will have to put up with the reception
obtainable, good or bad, and this fact must be made
clear to him.

In the following cases an outdoor antenna must
be used:
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1. The customer expresses reluctance or opposition
to the use of an indoor antenna.

2. Reception with an indoor antenna is too weak on
stations the customer desires.

3. The signals, when using an indoor antenna, are
affected seriously by ignition and other types of
local interference.

4. The picture is affected by persons walking about
the room.

5. The location of the indoor antenna presents a
hazard to children or pets.

6. A console set with AM or FM does not operate well
with the indoor antenna.

A good policy to follow, from the point of view
of both the customer and the company, is to use
the most economical installation that will deliver
a satisfactory signal . For this reason the indoor
installation should be used wherever it will work
well.

In many metropolitan areas, where the space
on the roof of apartment houses is restricted,
there are already too many outdoor antennas to
give interference-free reception.  Fortunately,
many of these apartment houses are in strong sig-
nal areas where an indoor antenna may work well.

If there are other outdoor antenna installations
inthe neighborhood, you may have a selling job to
do. Your customer may feel that if Joe Doakes down
the street has an outdoor antenna, he needs one
too. And he may be right. Butif you have satisfied
yourself that an indoor antenna will give satis-
factory reception under all ordinary conditions,
there are a number of selling arguments you can
use to convince the customer.

Yru can point out that with an indoor antenna
the customer can move the set around the roomor
even to another room. Men, particularly, like the
idea of experimenting. Then, again, there are
many homes in which the ideal place for the set
is in the living room during most of the year; but,
in the summer the family spends most of the time
in the sun parlor or porch. With an indoor antenna
it is a simple matter to shift the set from one
location to another. Another selling point is that
an indoor antenna is not exposed to the elements.
There are no storm worries — ang no lightning
arrestor is needed. (Avoid implying, however,
that outdoor antennas are dangerous, or a legiti-
mate cause for worrying.)

Installation methods for both indoor and out-
door antennas have already been outlined in
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Lesson 2, and will be studied in detail in later
lessons. Whether we use an indoor or an outdoor
antenna, it is essential that we have a good sig-
nal available at the receiver input terminals for
the proper adjustment of the receiver set-up
controls.

. UNPACKING AND ASSEMBLY OF THE RECEIVER

3-3. Most dealers selling television sets
have a policy of delivering the receiver .to the
customer’s home or other establishment, un-
packing it, and inspecting it for damage or loss
in shipment and handling. However, you will
occasionally find yourself on an installation job
where this is not the case, or where the receiver
has been purchased from a private party, and
transported by the seller, the purchaser, or a
professional moving firm. In such cases, it will
be up to you to check the set over carefully to
see that it is really complete, and that all parts
are in good order before you beginthe installation.

Preliminary Inspection .— In most cases you
will find that the dealer has fully lived up to the
terms of this policy. But, in the rush of a busy
season, he may have left some things undone. It
is up to you to inspect the set as soon as you
enter the customer’s home.

Be particularly careful in looking for concealed
cabinet damage. It may be necessary to do some
polishing or touching up; but if damage to the
cabinet or the receiver chassis is beyond your re-
pair facilities, you should call the Branch Office
for instructions.

Shipping procedures have improved tothe point
where most present day sets are shipped with the
kinescope already installed. A .special tube

rest and yoke built into the receiver chassis-

holds the kinescope securely in place. In earlier
sets the kinescope was shipped separately, and
that is still true for some makes and models.
When you run into a case where the kinescope
needs to be installed, be sure to observe all
the necessary precautions.

v

Unpacking the Receiver. ~ In the event you
find the receiver has not been unpacked, you
should look over the unpacking instructions

for that particular model to be sure that you note
any precautions required.  Particularly, note
whether there are any shipping screws and guards
or supports that must be removéd. There are such
screws that hold the kinescope cushion in place
during shipment. Also, guards are placed around
the tubes and other parts that need special pro-
tection. These must be removed before you can
proceed with certain adjustments. If you forget
them you may run into plenty of grief.

Lay out your drop cloth in a convenient spot
before starting any work. This not only looks
neat and professional to the customer, but it is a
real time saver for you. You can now set out your
tool box and tools without danger of soiling the
carpet or floor. In addition the drop cloth serves
as a good place to drop any packing material,
shavings, filings or stripped insulation in the
course of the job. It is a great help in keeping
your work neat, and preventing damage to the
customer’s property.

Fig. 3-4

The best method for removing a particular
model of receiver from the carton in which it is
packed will depend mainly upon the size and
weight of the set. A small table model set can be
lifted out of the carton by one man; but a larger,
heavier model may require two men.

When unpacking a set too heavy to handle
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readily, it is best not to lift the set at all. The
procedure to follow is: (1) place the carton on its
side; (2) open up the flaps on the bottom; (3) fold
them up along the sides of the carton; (4) turn the
carton back to the upright position; (5) lift the
carton up and off the receiver.

Incidentally, this is a good point to check up
on your method of lifting heavy objects. Figure
3-5 (a and b) shows the wrong and the right way.

Fig. 3-3b THE RIGHT WAY

Maybe you are used to lifting things by stoop-
ing over. Brother, that ain’t good! It’s a swell
way to develop a strained back or a hernia.

The right way, shown in Figure 3-5b, is to
crouch beside the chassis, set or whatever it is
that you want to lift, with your body upright from
the hips up and the muscles flexing in your legs.
Then, when you straighten your legs, up comes
whatever you are lifting without strain on your
back or abdominal muscles.

You can handle a table model television re-,
ceiver this way; but when you want to move a
heavy console don’t be ashamed to ask for help.
Two men can do a better and safer job than one —
and with less danger of scratching or damaging
the cabinet.

Inspection of Chassis. — Regardless of whether
or not the kinescope comes already installed, you
will have to look inside the cabinet as a routine
inspection. That will require the removal of the
back of the cabinetand, in some sets, alsothe top.
It is best torefer tothe manufacturer’s instructions
for the location of the screws or wing nuts that
hold the front panel in place. This panel must be
removed for proper inspection of the kinescope,
or for installing a kinescope which has been
shipped in a separate carton. The operating con-
trol knobs, normally found in a paper bag inside
the cabinet, must be removed and set aside for
later use.

Look for all screws and shields that have
been added just for shipping purposes. In many
direct view type sets (as differentiated from the
projection type, which we will study in larer
lessons), there may be shipping screws on the
kinescope cushion which must be removed. Their
location in the RCA Model 9T240 we have chosen
as an example is shown here:

WINESCOPE DEFLECTION CINTERING
CUSHION YORE ADJ. ADJUSTMENTS

WINESCOPE CUSHION SCACwW

Fig. 3-6

On practically all receiver models, there is a
protective cardboard shield around the rectifier
tube. This must be removed. For those models
in which the kinescope comes already installed,
there usually is a cardboard shield around the
neck of that tube. Remove this shield also.



Unpacking and Assembly of thie Receiver

Make certain that all tubes are in place, un-
damaged and firmly seated in their sockets. To
seat the tubes, press them straight down. If you
have to wiggle miniature glass tubes in their
sockets, be very careful. These tubes are so
small that there is very little spacing between
the pins on the tube or the corresponding socket
contacts on the chassis. In wiggling the tubes it
is possible to press the contacts together, causing

a short circuit of the tube elements — and a

servicing call that could be avoided.

€are of the Kinescope. — In the event that you
have to install or replace a kinescope, be careful
to follow all the necessary handling precautions
listed in this section. Remember that there is a
high vacuum within the kinescope bulb. That is
true for ordinary tubes, too, but the kinescope
has a much larger surface area on which the
atmosphere is constantly pressing. If the tube
were accidently dropped or struck and the glass
broken, air would rush into the tube with suf-
ficient force to shatter the tube and send glass
splinters in all directions. What happens is pro-
perly calledan implosion rather than an explosion
— but, whatever you call it, it presents a serious
hazard to your hands and eyes if you are not
careful.

Fig. 3-7

3-7

There is a right and wrong way to remove a
kinescope from its carton. A kinescope packed
for shipment is placed so that, when the carton is
in the normal shipping position, the screen and
heavy envelope are down — and the lighter, fra-
gile neck of the tube is up. The tube must never
be handled by the fragile neck. It is therefore
important that the carton be opened with the tube
face up, as shown in Fig. 3-7.

To unpack the kinescope: (1) turn the carton
so that the lettering is upside down; (2) cut the
paper tape along the edges and tear open the
carton flaps; (3) remove the cardboard covering
the face of the tube; (4) grasp the side of the tube
with both hands and lift up; (5) place the tube

face down on soft clean padding.

Fig. 3-8

In Fig. 3-8, showing how the tube should be
lifted out of the carton, the use of gloves is
shown.  While gloves are desirable as a pro-
tection for the hands, their use makes the hand-
ling of the tube a little awkward. Present practice
sanctions handling without gloves, but you must
be extremely careful.ltis really best not to handle
a kinescope without safety glasses. A cut hand
could heal without too much trouble; but an eye
injury may lead to blindness.

The RCA record for handling kinescopes has
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been exceptionally good; but that is so because
of a healthy respect for the kinescope and con-
tinued care in handling it. The rules toremember
are:

1. Don’t expose the picture tube until you are ready to
use it.

2. Always wear goggles when handling a naked tube.

3. Keep people away at a safe distance when a picture
tube is exposed.

4. Always keep the picture tube in the protective
container whenever possible. Always place an ex-
posed tube on some sort of clean soft padding when
necessary to set it down.

A

. Don’t leave any picture tubes lying around.

6. If a kinescope is defectlve, it must be brought back
to the ship for disposal.

7. The weakest parts of the kinescope are the neck of
the tube and the rim of the viewing surfa ce. These
parts must not be struck, scratched or subjected to
more than moderate pressure at any time.

INSTALLING THE KINESCOPE

3-4. In sets shipped withthe kinescope packed
separately, the mounting arrangements will natur-
ally vary with different manufacturers. We will
discuss here the proper steps in installing the
kinescope in the typical receiver chosen for il-
lustration purposes, the RCA 9T240. For other
makes and models, the steps may vary somewhat,
and the manufacturers’ instructions should be
studied for these variations.

1. Prepare the mount on the receiver chassis.

2. Insert the neck of the kinescope through the deflec-
tion yoke and focus coil.

3. Slip the ion trap magnet on the neck of the kine-
scope.

4. Rotate the tube to the proper position, determined
by the high voltage connection,

5. Connect the high voltage lead and the kinescope
socket.

6. Center the kinescope in the center of the cabinet
opening.
7. Clean the kinescope face and the safety glass.

8. Replace the cabinet front panel and place the con-
trol knobs on control shafts.

9. Complete the mechanical positioning of the kine-
scope.

The neck of the kinescope must be inserted
through the kinescope cushion, the deflection
yoke and the focus coil, which are already in
position on the receiver chassis. For shipping,
these have all been tightened in place.

Inserting the Kinescope. — Allow plenty of
room for the kinescope to be inserted in place by
moving back both the kinescope cushion and the
deflection yoke. Loosen the kinescope cushion
adjustment wing screws and slide the cushion to-
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ward the rear of the chassis. Loosen the deflec-
tion yoke adjustment and slide the yoke toward
the rear of the chassis and tighten it. See Fig.
3-6 for the location of these parts.

Next, from the front of the cabinet, look through
the deflection yoke and check the alignment of
the focus coil with the yoke. If the focus coil is
not in line, loosen the two focus coil mounting
screws and adjust the coil until alignment is ob-
tained. Then tightenin this position. The opening
must be clear, as shown here.

Fig. 3-9

The rim of the kinescope must rest on a pre-
pared support. In many models, this consists of
kinescope face centering slides, shown in Fig.
3-9, There are four such slides; two at the
bottom on which the kinescope face rests, and
two at the top to tighten and hold the kinescope
firmly in place. Set the two lower slides at ap-
proximately mid position.

With the mount ready, insert the neck of the
kinescope through the deflection yoke and the
focus coil until the base of the tube sticks out
approximately two inches beyond the focus coil.
If the tube sticks, or fails to slip into place
smoothly, find the cause of trouble and correct it.
If you have already done a good job of aligning
the deflection yoke and focus coil, there should
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be little trouble in slipping the tube into place.
Incidentally, during this installation procedure,
be sure to hold one hand over the face of the tube
to prevent it slipping out of the mount.

The lon Trap Magnet. - Now slip the ion trap
magnet assembly over the neck of the kinescope,
with the large magnet toward the base of the tube
and with the arrow mark on the assembly up and
pointing forward like this:

SMALL
MAGNET

GAP ON
T™IS SIDE

\

ARROW LARGE

THIS SIDE
Fig. 3-10

The position for the magnet is on the narrow
neck of the kinescope, about an inch from the
tube base, over two small metal ‘‘flags’’ you can
see through the glass envelope.

The front magnet is movable on the assembly.
The correct position of the front magnet is with
the gap on the side toward the high-voltage com-
partment. The gap of the large rear magnet should
be on the opposite side and 180 degrees from the
gap on the small magnet.

High-Voltage Connection. - Rotate the tube
so that the high voltage contact, a recessed metal
well in the side of the bulb, is up and turned
about 30 degrees toward the high voltage com-
partment on the receiver chassis as in Fig.

3-11.

Insert the clip on the high voltage lead into
the high voltage contact on the kinescope. The
glass-to-metal seal of the connector on the kine-
scopeisrather delicate and the connection should
be made with care, using little pressure. If the
clip does not slip easily into place, take a pair
of pliers and bend the fingers of the clip together
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slightly to make an easier connection. But be

sure that there is sufficient tension on the fingers
for a good electrical connection.

Fig. 3-11

Now connect the kinescope socket to the tube
base and the tube is in position for adjustment.

High-Voltage Precautions. — The inner and
outer conductive coatings of the tube’s envelope
form a condenser. When the power has been on,
therefore, these coatings carry a charge. This
charge can be sufficient to be dangerous even
after the tube has been removed from the receiver
for some time. So before touching the anode con-
nection on the tube, always discharge the tube
itself with an insulated jumper wire from the high
voltage terminal to the chassis.

W hen the power has once been turned on, the
Ligl wvoltage filter condensers become charged
and kold that charge for some time after the cir-
Before handling the high

voltage lead, make it a practice always to dis-

cuit is disconnected.

charge the filter condenser by shorting the lead to
the receiver ckassis. Leave the lead in contact
for several seconds. Make this precaution a
habit, even when you know the power has not been
turned on. Then you won’t overlook it sometime
when you have had the power on.

Centering Adjustment. - Center the kinescope
so that the face of the tube is in the center of the
cabinet opening. This is done in most models by
adjusting the four centering slides that support
the rim of the tube.
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With the tube in place, before you replace the
cabinet front panel, make sure that the face of the
kinescope and the front panel safety glass are
clean.

This is another time when you have to think
of your customer. To the housewife cleanliness
is next to godliness. Once you have installed the
tube, she cannot reach behind the safety glass
to rémove any specks of dust or fingerprints that
have been left inside. These can spoil the ap-
pearance of the television picture; but to the
housewife, they are a particular cause of annoy-
ance because she can’t get at them. So, you’ll
be called back for a tube cleaning job.

[t takes only a few minutes with a soft cloth
moistened with **Windex’’ or a similar cleaning
agent to do a thorough cleaning job on the face
of the kinescope, and both the inside and outside
of the safety glass. It is also a good idea to dust
the inside of the cabinet and the chassis thorough-
ly, to be sure that you have not left dust inside
that can get on the face of the tube.

You can then go ahead and install the cabinet
front panel, and press the control knobs in place
on the control shafts. With the front panel in
place, the mechanical positioning of the kine-
scope can be completed.

Positioning the Kinescope. — You slip the
kinescope as far forward as possible and slide
the kinescope cushion firmly up against the flare
of the tube. Watch to see that the wire springs
at both sides of the kinescope cushion makes a
good contact with the coating on the outside of
the kinescope.

These springs ground the kinescope outside
coating to the receiver chassis. If the contact is
not properly made — for example, the springs
might be loose or accidently bent back — then;
when the tube is put in operation, static dis-
charges or arcing will result. That, of course,
means interference in the picture.

When the kinescope cushion and spring con-
tacts are firmly in place, tighten the adjustment
wing screws on the cushion support. Next slide
the deflection yoke as far forward as possible,
and tighten in place.
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Then check the connection of the high voltage
lead to the kinescope, plug the line cord into the
power line and connect the antenna —~ and you
are ready to turn on the power for electrical ad-
justments on the set.

A TYPICAL RECEIVER

3-5. A television receiver is a complex piece
of equipment. It contains as many tubes and parts
as three or four standard broadcast receivers.
While many of the tubes and parts are similar to
those used in a radio receiver, others are entirely
different. The circuits of some parts of the tele-
vision receiver are very similar to those found in
a superheterodyne receiver, but other circuits,
such as the synchronizing and deflection circuits,
have no counterpart in standard radio.

Most manufacturer’s instructions for each model
receiver contain the complete circuit diagram of
the receiver. This is information that you should
study at your leisure, because you will need it
later on. But for the present, stick to the receiver
set-up procedure.

To set up the adjustments on a television re-
ceiver so that the customer can get the best
possible picture, you must know the controls that
should be checked and adjusted, where they are
located, how the adjustments are to be made, and
the order in which they are to be made.

The installation man has this advantage to
start with. He knows that all receivers have been
checked and adjusted at the factory and are in
good working order before being shipped out. The
adjustments that normally have to be made in the
customer’s home are those required for the proper
operatjon of the pitture tube, and those that may
be necessary for the receiver to work best at the
particular location.

Block Diogram of the Television Receiver. —
In Lesson 2, we outlined the essential parts of
the receiver and how each unit contributes to the

reception. The typical receiver is made up of
the circuit units shown in the block diagram of

Fig. 3-12.

The Operating ond Set-up Controls. — We are
not presently concerned with the receiver circuits,
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Fig. 3-12

and how and why they work. Right now, for the
purpose of setting up a new receiver fresh from
the factory, the important thing is to get the con-
trols adjusted just right.

There are two sets of controls on the tele-
vision receiver; (1) the operating controls, on the
front panel where the customer can adjust them;
and (2) set-up controls, on the receiver chassis,
where the customer won’t get at them, (we hope).

Obviously, the operating controls should be as
few in number and as simple to operate as possi-
ble. If you could have only a push button to turn
on the set and a selector switch or push buttons
to pick the station you want to see and hear, that
would be swell. But at the moment of writing,
that is something for the future.

The set-up controls on the receiver chassis,
once adjusted properly at the customer’s home,
should not require further adjustments. Unless
some new trouble develops, such as tube aging,
tube replacement, circuit failure and installation
of new parts, you should not expect a call back
for receiver adjustment. That is, provided no one
not qualified to do s6 has disturbed the set-up
controls.

The particular controls and their location will
vary with different makes and models of television
receiver; so you will have to study your manufac-
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turer’s instructions for that new model. For our
typical receiver in this lesson, the 9T240, the
controls and their locations are listed on the
following page.

Location of the Operating Controls. — For
most models of the T240 series the operating
controls on the front panel of the receiver are in
the positions shown below:

@ N

[ /[ [\
\
BRIGHTNESS OFF-ON STATION
SOUNO SELECTOR
HORIZONTAL vOLUME
HOLD
PICTURL cumm L
VERTICAL e
HoLD TUNING
Fig. 3-13

Location of Set-up Controls. — Most of the
set-up controls are located at the rear of the re-
ceiver chassis, where you can easily reach them
to make adjustments. Others are located on top
of the chassis, or on the under side of the chas-
sis, or behind the station selector dial. Where
each set-up control is to be found is shown in the
following figures and text. For convenience, we
have grouped the controls here according to their
location. Our purpose here is to show what each
control is like physically, where it is on the re-
ceiver, and what tool (if any) is needed to adjust
it.. The actual adjustment procedures are ex-
plained later in this lesson, starting with Sec. 3-6.

1. There are seven set-up controls located
at the back of the chassis. Three of these ~
the keight, focus and vertical linearity controls —
are small knobs that are adjusted by hand. The
locking range and lorizontal drive controls are
slotted screws that can be set with any small
screwdriver. The width and the horizontal line-
arity controls must be reached through holes in
the chassis. To set these, it is best to use an
insulated tool. The screw siot on these controls
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Operating and Set-up Controls of 97240 Receiver

Part of Receiver

Operating Controls

Set-Up Controls

Location

Others

Picture Tube

Picture Channel

Deflection and
Synchronizing
Circuits

Sound Channel

R-f Tuner

BRIGHTNESS Control

PICTURE Control

HORIZONTAL hold
control

VERTICAL hold
control

UFF-ON SOUND
CUNTRUL

TONE control (on
some récetivers)

Chanagel Selector

Focus Control

Focus coil adjust-
mentand centering

Ion trap magnet ad-
justment

Deflection Coils
adjustment

AGC threshold

control

Horizontal Oscillat-
or frequency

Horizontal locking
range

Horizontal Drive
Horizonta!l Linearity

Horizontal Centering
(on some models)

Vertical Centering
(on some models)

Width Control
Height Control
Vertical Linearity

llorizontal Oscillat-
or Waveform

Oscillator Fre -
quency Adjustments

Back of chassis

Around kinescope
neck

Around kinescope
neck

Around kinescope
neck

Top of chassis

Under side of

chassis

Back of chassis

Back of chassis
Back of chassis

Back of chassis

Back of chassis

Back of chassis
Back of chassis
Back of chassis

Side of chassis

Behind Station
Selector Dial

Alignment and trap ad-
justments (not included
in set-up procedure.)

Controls for alignment

of sound i-f and dis-
cnmmator stages. (Not
included in set-up pro-
cedure)

Alignment and trap ad-
justment (Not tncluded

is most easily gripped by using the recessed end
of a special insulated tool called a neut stick.
The location of these controls are shown in the
following diagram:

Also visible in Fig. 3-14, are the focus coil
mounting screws and centering adjustment screws.
These can be reached from the rear of the chassis
or from the top of the set, when the cover is re-
moved. They are Phillips-head screws and re-
quire the use of Phillips-head screwdrivers for
adjustment. Use a long shaft Phillips-head screw-
driver when adjusting from the rear of the chassis,
and a short shaft screwdriver when making the
adjustment from the top.

in set-up procedure)

FOCUS COIL WIDTH
MOUNTING v
CENTERING
AOJUS"MEN"
\rg/ SCREWS
(] m {n;mzonwu.
o ORIVE
LOCKING HORIZONTAL
RANGE LINEARITY

HEIGHT

FOCUS venmicaL

LINEARITY

Rear Chassis Adjustments

Fig. 3-14
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Fig. 3-15

2. The controls for adjusting the deflection
coil, the focus coil and the ion trap magnet are
most readily reached from the top of the chassis.
On many models the AGC tkreshold control is
also reached from the top of the chassis; although
in later models it is expected that this control
will be placed at the rear for better accessi-
bility. Fig. 3-15 is a top view of the chassis
showing the positions of these controls.

As previously mentioned, the focus coil ad-
justments are of the Phillips-head screw type.
Adjustment of the ion trap magnet and the deflec-
tion coil is done by moving each unit by hand.
The ion trap magnet fits on the neck of the kine-’
scope and holds the positionin which it is placed.
The deflection yoke is held in position by tighten-
ing the wingnut adjustment by hand.

3. The horizontal oscillator frequency adjust-
ment, which you must check and adjust, is located
underneath the chassis. To reach it, you place
the whole receiver on its side, with the high volt-

age compartment down, without removing the
chassis from the cabinet. The removal of a metal
panel at the bottom of the cabinet exposes the
control. This is shown in Fig. 3-16 on the next

page.

The horizontal oscillator frequency adjustment
should be made with an insulated screwdriver
(bakelite or nylon) or a neut stick.

4. The r-f oscillator adjustments for most
channels are located just behind the STATION
SELECTOR dial as shown in Fig. 3-17 on the
following page.

The adjustments for channels 2 through 5 and
7 through 12 are available from the front of the
cabinet by removing the STATION SELECTOR
dial (or escutcheon). You do this by first removing
the knobs from the shaft. This exposes the slide
spring clip that holds the dial in place. Then
slide the spring clip to the left torelease the dial.

The adjustment for channel 13 is on top of the
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kinescope
BRIGHTNESS control 7

horizonto! oscillotor
frequency adjustment
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_____ = ] 1
N 2
HORIZONTAL hold o linearity
control — ] @ control C )
VERTICAL hold O filter ) C& l
control choke

power cord

>

BOTTOM VIEW OF CHASSIS

Fig. 3-16

chassis and the channel 6 adjustment is in the
kinescope well. It is best to refer to your Service
Data notes for the exact location, since there is
some variation in different models — and because

there arc other adjustments near them that must
not be touched.

Fig. 3-17

The r-f oscillator adjustment should be made
with a thin bakelite or nylon screw driver. You
will probably find that your neut stick will not fit
into the holes in the chassis that lead to these
adjustments.

Become familiar with tke various controls and

their locations. We will refer to them in the set-up
procedure described in the next lesson.

COMMON TROUBLES AND REMEDIES

3-6. If the world were full of perfect materials,
processes and mechanisms, this section probably
wouldn’t be needed. In fact, a lot less tech-
nicians would be needed, and there would be a
definite shortage of picturesque profanity. But
since materials, processes and mechanisms are
far from perfect, including human beings, it’s
necessary to know what to do when some imper-
fection shows up. All of which means that now
and then you’re going to encounter a set which
just doesn’t act right, even though, it’sa new one,
right off the dealer’s floor. There are many
reasons why this can happen, such as rough
handling, faulty inspection at the factory, a de-
fective component, etc.

When. it does happen, some of the troubles that
arise will be of a kind you can’t be expected to
handle when you're out on an installation job. In
such cases, where your tests show that there is
something wrong with the set which you can’t
fix, call your office and get instructions, if you
have not already been told what to do. You also
then have a very delicate and important customer
relations problem to handle, which will be covered
thoroughly in Lesson 5. The best thing to do is
explain that, while every receiver is carefully
tested and inspected at the factory before being
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packed, sometimes one can be badly jarred or
bumped in shipment, and thus arrive damaged,
even though the carton is not broken. Naturally
you’re sorry it has had to happen to them, etc.,
but you’re calling in to the office about it, and
the whole thing will be taken care of as fast as
possible. And of course, if you’ve got quite a lot
of the actual installing job done, you put things
away as neatly as you can, and generally go a
little further in leaving the customer with a good
impression. Remember, he was expecting to be
looking at wrestlers or a ball game when you left,
and he’s bound to be a bit disappointed.

But unfortunately, even though you do run into
some defective receivers, most of them will have
troubles that you can take in your stride and cure
right on the spot. Here’s a list of the more
common ones.

Picture, But No Sound. — Most of the time
this is not even the result of a defect at all. It
can result from not having the volume control
tumed up, which sounds silly, but can cause you
trouble if you’re sure it is turned up, when it isn’t.

Probably the most common cause of this condi-
tion is mistuning with the fine tuning control,
especially on the higher channels. It is quite
possible to be tuned so far off that the sound
carrier is completely out of the pass band of the
receiver, and still have a fairly good picture. Of
course the way to check and correct this is to
swing the fine tuning over its entire range until

Fig. 3-18
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the sound comes in at best quality., Busy house-
wives often unknowingly move the fine tuning
control to one end of its travel when dusting, and
then fail to readjust the fine tuning when the set
is turned on again, particularly if they leave it
switched to the same channel. It’s part of your
job so to instruct the set owner that some little
thing like that doesn’t result in a service call,
so be sure that you not only keep this point in
mind yourself, but make it clear to the owner as
well.

There’s another easy way to get a picture
without sound in several receiver models like
the 9T240. That is to forget to plug in the
loudspeaker after having it out of the set for
some reason. In some receivers, you won’t get
any picture with the speaker plug out, either.
This is because the field coil of the dynamic
speaker used is also acting as part of the low
voltage B plus filter, and with the plug out,
no B plus can reach certain tubes in the set.
In either case, the correction is pretty obvious.
And when you are making your final check in-
side the set, be sure the speaker is plugged
in securely so the cable can’t wark loose later
and result in a preventable service call.

If a check reveals that none of these causes
are responsible for the lack of sound, check the
seating of all the tubes, giving them a gentle
wiggle in their sockets. (We know Lesson 2 said
never wiggle them. But if you don’t try to force
a tight tube, it’s ok.) If this produces sounds in
the speaker, you may be on the right track, as a
poor contact with a tube base pin in the sound
channel might be the defect you’re looking for.
Also, inspect all the tubes in the sound channel
for open filaments. In the glass ones you can see
the glow and feel the warmth with your hand, but
in metal tubes you’ll have to rely on the heat
alone. If these tests show up no defect, carefully
inspect the wire of the speaker leads and the
speaker itself for broken voice coil leads, etc. If
there is still no solution, the chances are you
have a job for a service man on your hands, and
of course, you should report it at once and ask
for instructions.

Picture and Sound Do not Track. - This is
almost invariably the result of a weak signal on
the channel in question. If other channels show
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o such difficulty, this is pretty definitely what
is wrong. The answer may be to reorient the
antenna, move it to a different location where the
signal from the weak station is stronger, or ex-
tend the mast higher. If all channels show the
effect, you may either have a defective receiver,
or something may be preventing the signals picked
up by the antenna from reaching the input termi-
nals of the set. Of course, it is also possible
that you are in an area where all signals are very
weak, but if this is the case, you probably found
it out while locating and orienting the antenna. In
any case, check carefully to see that you actually
have good, solid connections from the receiver
input through the transmission line to the antenna.

If the fault is still not located, try changing
the r-f amplifier tube, and after that, the converter
tube, being carefulito seat each tube gently but
firmly each time. A good rule to follow when
making any sort of test is to change only one
thing at a time, so you can be sure just what is
defective when you have cured the trouble. When
changing tubes, always replace the tube originally
in the socket when youhave definitely established
that it is not the source of the trouble. In quitea
few circuits in television receivers, the circuit
may requite realignment for optimum performance
if a different tube is used, and this is no job to
tackle while making an installation.

If the receiver seems normal on all other
channels and nothing can be done to help matters
on the weak channel, you have another delicate
customer relations job on your hands. It is most-
ly a matter of explaining that in some areas, the
signal strength from certain stations is simply
not great enough to provide proper reception with-
out special antenna systems. Incidentally, before
you go into this with the set owner, you should
have checked as well as you can to find out if
other sets in the area have any trouble with the
station in question. Don’t rely on the customer’s
report of the remarks of his neighbor down the
street who says he has a “perfect picture on
every channel”’, for most of us are all too human,
and tend to brag and exaggerate the performance
of something new we have bought, if we- are
pleased with it. Don’t suggest this to the set
owner, of course. Just be courteous and listen
politely, and try to get a chance to see for your-
self how well the neighbor’s set brings in the
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station. Chances are you will be able to see the
neighbor’s set in action, aided by your customer’s
desire to have everything perfect in his installa-
tion.

If the same trouble shows up, the explanation
is obvious to your customer, and if it doesn’t,
check on the height, type, and orientation of the
neighbor’s antenna. Incidentally, don’t be fooled
because one house is further up a hill than an-
other. See which antenna is actually higher, and
make sure there isn’t a billboard, a bridge, or
some other structure shadowing your antenna.
Almost always you’ll find that you can either
solve the problem or at least leave the customer
with a satisfactory explanation of the trouble, if
you try these methods, and others your own ex-
perience and ingenuity suggest to you.

Contrast Too High. — The effect ot having the
contrast control set too high is to compress the
tone range of the picture, so that the white areas
look chalky and washed out, and the dark areas
go completely “black, with no detail showing.

Flg. 3’19

The obvious remedy is to turn down the con-
trast control, at the same time readjusting the
brightness control.

Brightness Too High, — If the contrast is
about right but the brightness control is up too
far, the whole screen will be too light, detail will
be lost in the lighter areas, and there will be a
tendency toward ‘'bloom’, in which the line
structure of the raster becomes blurred and inde-
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Fig. 3-20

finite, in spite of good focus adjustment. Again
the obvious cure is to back down on the control,
at the same time testing the contrast control for
optimum adjustment. You must make clear to the
set owner that both these controls affect the
picture greatly, and one can seldom be readjusted
without touching up the other. The owner’s
Instruction Book covers this, but you must not
expect it to do the whole job, for there are many
people who have great difficulty leaming from
books alone, no matter how good the book may
be. (Are you having any trouble of this kind?)
It’s up to you to show the customer carefully how
the two controls should be manipulated to get the
optimum picture, and how the settings needed on
different stations may vary slightly due to differ-
ences between transmitters and operators. And of
course, you should get the customer actually to
operate the controls a bit to get the feel of them
and overcome any timidity he may feel toward
them.

Hold Controls Set Wrong. ~ If the horizontal
hold control is set wrong, the raster will be tom
into parts, or held out of frame so the black bar

at the right shows. This effect is illustrated in
Figt 3‘21.

If the vertical control is set wrong, the picture
may move up or down out of frame, or it may even
roost half-way in and half-way out, and stay there
like a politician straddling some issue half-way
through an election. Housewives seem to have
an almost incredible knack of achieving this ad-

Fig. 3-21

justment, so you must be very careful to explain
that in setting the control it is not enough to just
turn it until the picture quits moving, but that the
control should be carefully advanced a little past
the point where it locks into frame. Fig. 3-22
shows the picture out of sync vertically.

In either case,the answerlies in really getting
the customer used to manipulating the controls,
and being tactful and patient while you do it.
Some fellows seem to get the idea that a customer
is less intelligent than they are, simply because
he is slow to catch on to the knack of setting the
control properly. You, of course, won’t make
any such foolish and tactless mistake, because
you know that anyone is likely to be timid and
cautious when asked to tackle a new stunt under
the critical eye of an expert. If you’d never be-
fore tuned a piano, and were asked to tackle the
job before a master of that craft, you’d probably
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Fig. 3-22

have the same hesitation and lack of confidence.
This is why it’s part of your job to make the
customer feel that he’s just as capable of handling
the controls as you are, once he’s got the feel of
them. Chances are he is.

Miscellaneous Troubles. — There are some
other annoying little troubles that can happen out
on the job that will cost you time and work if you
overlook them. One of them is the TV-Phono
switch used in many sets such as Model 9T240.
The switchislocated on the rear apron of the set,

TELEVISION SERVICING COURSE, LESSON 3

and cuts off television operation when set in the
Phono position. If you can’t get any picture,
better check the position of this switch, if the
set has one.

If you seem to have no power at all, make sure
you have the set plugged in — and that the plug
hasn’t slipped out of the socket again. Lesson4
has more details on difficulties with the electric
power line.

If the set works, but all signals seem to have
become suddenly weaker than they were when you
were making your first checks, take a look to
make sure that you haven’t left the antenna dis-
connected while moving the set to work behind
it, or something similar. It’s quite possible to
forget to replace a tube also, say the r-f amplifier,
and of course that will affect reception seriously.
In general, it pays to be methodical and system-
atic in your work, and to keep parts and tools
well “picked up’’ as you go along, using the drop
cloth as a sort of home base to which things get
returned after use. The practice will pay off in
improved efficiency, and lessened accidents and
damage to the set owner’s property.

Finally, there is one other point to be re-
membered in connection with the more elaborate
receivers having a radio and phonograph. The
Function switch on the front panel must be
set in the correct position for the use desired.
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Leddon 4

INTRODUCTION

4-1. In the previous lesson, we discussed the
preliminary steps in installing a television re-
ceiver. These involved such factors as locating
the receiver and antenna,* unpacking and as-
sembling the receiver, and locating the various
controls and adjustments. We also discussed
some simple troubles and their remedies.

Inthis lesson, we are continuing our discussion
of receiver installation with specific instructions
for the model 9T240 as a typical receiver. We now
know what the various controls and adjustments
are and where they will usually be found. Our ob-
jective now is to actually see how these various
adjustments ate made to insure correct operation
of the television receiver. In so doing, we shall
cover the following specific points.

1. Adjustments of the picture tube assembly.

2. Adjustment of the so-called “set-up” controls.
This has been divided into three sections:
(a) Sync Adjustments, (b) Picture Quality Ad-
justments, (c) Tuning adjustments.

3, Difficulties with the electric power source.

4. Instructing the customer in the operation of the
receiver.

Since we are going to begin our discussion
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with adjustments of the picture tube assembly, a
photograph of this is shown in Fig. 4-1.

PICTURE TUBE ADJUSTMENTS

4-2. With the kinescope installed in its proper
position on the receiver chassis,it is necessary
to tum on the power before proceeding with pic-
ture tube adjustments. It is your job to determine
the proper setting for the ion trap magnet, the
deflection yoke, the focus coil and the FOCUS
control to get the picture tube to operate just
right.

lon Trap Magnet Adjustmant. — When you look

down at the kinescope electron gun structure in
the neck of the tube, you will see two small metal

flags on the second cylinder from the base, thus:

s

=g B

/4

FLAGS

Fig. 4-2
With the kinescope positioned so that the
metal flags are horizontal, the ion trap rear magnet
poles should be approximately over the ion trap
flags.




Picture Tube Adjustments

You must adjust the jon trap magnet for the
position that will give the brightest raster on the
kinescope screen. Set the stage for this adjust-
ment by turning the power switch “‘on’’, the
BRIGHTNESS control fully clockwise, and the
PICTURE control counterclockwise. Incidentally,
check to see whether there is a TV-PH (Tele-
vision-Phonograph) switch included on the
chassis. If there is such a switch, it must be in
the TV position; otherwise, the picture tube may
not operate.

Now adjust the ion trap magnet by moving it
forward or backward; at the same time rotating it
slightly around the neck of the kinescope, until
you reach the position that will give the brightest
raster on the screen.

Do not keep the BRIGHTNESS control in the
fully clockwise position for a longer period than
necessary to make the adjustment. This might
result in damage to the screen. Reduce the
BRIGHTNESS control setting until the raster is
slightly above average brilliance.

Focus Adjustments. —To obtain a sharp focus,
so that the line structure of the raster on the kine-
scope screen is clearly visible, you must adjust
both the focus coil and the FOCUS control, and
readjust the ion trap magnet.

The focus coil should be concentric around
the neck of the tube. For best overall focusing,
it should be moved as far toward the rear of the
receiver as the supports will permit. Mechan-
ically centerthe coil by adjusting the coil mount-
ing and centering screws indicated in Fig. 3-6
(Lesson 3).

This gives an approximate focusing adjust-
ment. Fine adjustment of the electron beam is
made by varying the current in the focus coil.
You do this by setting the FOCUS control. This
control is at the back of the chassis, as shown in
Fig. 3-14 (Lesson 3).

The change in focus requires a readjustment
of the ion trap magnet for maximum raster bril-
liance. Make the final touches on the adjustment
of the ion trap magnet with the BRIGHTNESS
control at the maximum position with which good
line focus can be maintained. Fig. 4-3 shows
the effect on the test pattern of misadjustment of
the focus coil and ion trap magnet.

4-3

Fig. 4-3

Because of the inter-relationship between the
action of the ion trap magnet and the focusing
adjustments, whenever you change the setting of
one you must recheck the setting of the other.
Except during the initial setting of the ion trap
magnet, keep the BRIGHTNESS control setting
down to a level that is pleasing to the eye. If
the brightness control is set too high the raster
may bloom — that is expand in size and go out
of focus. If this happens, the lines are not
easily distinguished and this will make focusing
adjustment difficult, or impossible to accomplish.

Adjusting the Deflection Yoke. — The deflec-
tion yoke must be adjusted if the lines of the
raster (or edges of the test pattern) are not hori-
zontal and squared with the picture mask. The

picture frame should line up with the mask, like
this:

Fig. 4-4
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Rotate the deflection yoke to that position in
which the raster or picture is properly squared.
In making this adjustment be sure to keep the de-
flection yoke as far forward as possible. Tighten
the yoke adjustment wing screws to hold the yoke
firmly in the position where the raster or picture
is horizontal and properly squared.

With the picture tube operating properly, you
are ready to check the picture quality to see what
additional adjustments of the set-up controls on
the receiver chassis you will have to make.

ADJUSTMENT OF SET-UP CONTROLS

4-3. For the picture tube adjustments de-
scribed in the previous section, it is not neces-
sary to tune in a television station. The receiver
itself generates a raster on the kinescope screen,
whose line structure is sufficient indication for
the adjustment of the picture tube controls.

When you tune in a station, the lines traced
out on the kinescope screen are modified by the
video signals and the synchronizing pulses to
form a televised picture. The quality of the pic-
ture depends upon the proper adjustment of there-
ceiver operating and set-up controls.

The proper settings for the receiver operating
controls on the front panel — the controls which
the customer will use, and sometimes abuse —
have been explained in Lesson 2. If the operating
controls are to work properly, the set-up controls
on the receiver chassis must first be properly
adjusted.

These controls are checked and adjusted in
the following order.

1. Check horizontal oscillator alignment.
2. If necessary, align the horizontal oscillator.

3. Check picture centering and, if necessary, adjust
the focus coil and centering controls (if any).

4. Check the height and vertical linearity on the pic-
ture or test pattern and, if necessary, adjust the
height and vertical linearity controls.

5. Check the width and horizontal linearity on the
picture or test pattern and, if necessary, adjust the
horizontal drive, the horizontal linearity and the
width controls.

6. Check the focus and, if necessary, readjust the
focus control.

7. Check and, if necessary, adjust the AGC threshold
control.

8. Tune in all available stations to see if the receiver
r-f oscillator is adjusted to the proper frequency on
all channels.

In the following three sections, we have
grouped the various set-up adjustments for con-
venience as follows: (1) Sync Adjustments, (2)
Picture Quality Adjustments, and (3) Tuning
Adjustments.

SYNC ADJUSTHENTS

4-4. When the receiver is put into operation,
following the procedure given in Lesson 2, a
picture or test pattern should be obtained from a
station operating at the time. For test purposes
it is best to pick a station that is showing a test
pattern (if it is available at the time).

Conditions Affecting Sync. — If the horizontal
oscillator and AGC systems are operating pro-
perly, it should be possible to sync the picture
so that it holds steady on the screen. But, if the
AGC threshold control is not adjusted properly
and the receiver is delivering too much signal
(overloading), you can have a condition in which
it is impossible to get a steady picture.

Make sure that you first try all the normal
operating adjustments to synchronize the picture.
If that won’t work you can reduce the receiver
overloading by adjusting the AGC threshold
control.

We mention receiver overloading as a possi-
bility that could happen. If it does, it must be
corrected before other adjustments can be pro-
perly made. However, remember that inability to
sync the picture may be due to other causes than
an incorrect setting of the AGC control. If the
trouble is overloading, the AGC threshold adjust-
ment will have to be made. But to be sure that
the trouble is not something else, first recheck
the operating controls and check the horizontal
oscillator alignment. If at any time you can get
the picture to synchronize, even for a brief period,
the trouble may not be due to overloading.:

The Horizontal Oscillator. — There is normally
very little trouble with wvertical sync, so no
standard set-up adjustment is necessary. How-
ever, improper alignment of the korizontal oscil-
lator at the time of installation is a frequent cause-
of service calls that could have been avoided. It

7y




Sync Adjustments

would be fine if synchronizing circuits could be
made so foolproof that no front panel controls
would be needed. The next best thing is to re-
duce as far as possible the range in which mis-
adjustment of the operating controls can take
place, and to put the HORIZONTAL control on
the front panel where the set owner can readjust
it when and if it is necessary.

The horizontal oscillator is the circuit that
generates the deflection signal which determines
the rate of horizontal sweep. Its frequency must
be locked exactly with the frequency of the hori-
zontal sync pulsesin the composite video signal
The closer the frequency, the easier this is to
accomplish. In ourtypical receiver there are three
adjustments affecting this: (1) the horizontal
frequency adjustment; (2) the horizontal locking
range adjustment, and (3) the horizontal drive
adjustment. The process of making all three ad-
justments so that the oscillator pulses are syn-
chronized, or lined up with, the sync pulses, is
called alignment of the horizontal oscillator.

Checking the Horizontal Oscillator Alignment. —
The horizontal oscillator alignment must be
checked to see that the picture pulls into sync
within the proper limits of rotation of the HORI-
ZONTAL hold control. With present oscillator
circuits the picture will remain synchronized
while the HORIZONTAL hold control is rotated
over the greater part of its range. This is the
locking range, which is the horizontal oscillator’s
frequency range wherein the picture stays syn-
chronized if the signal is not interrupted. But if
for some reason the pictute is disturbed and thrown
out of synchronization, it will not be pulled back
into sync until the control is adjusted within a
much narrower range. This is called the pull-in
range.

In order to see if the HORIZONTAL hold con-
trol operates properly, use the following procedure
for checking the horizontal oscillator alignment:

1. Turn the HORIZONTAL hold controt to the extreme
counterclockwise position. The picture should re-
main in horizontal sync.

2. Momentarily remove the signal by switching off the
channel being viewed and then switching back to
the same channel. Normally this will throw the
picture out of sync.

3. Slowly turn the HORIZONTAL hold control clock-
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wise. This gradually reduces the number of di-
agonal black bars visible on the kinescope screen.
The proper pull-in condition will vary somewhat for
different receiver models. For the 9T240 receiver
this condition is reached when only three bars
sloping downward to the left are obtained, as in
Fig. 4-5, below, and then the picture pulls into
sync when you rotate the control just a bit farther
clockwise.

Fig. 4-5

4, Observe the position of the control where the pic-

ture pulls into sync. When the horizontal oscillator
is properly aligned this pull-in point is approxi-
mately 90 degrees from the extreme counter-clock-
wise position.

S. Continue to rotate the control clockwise. The pic-

ture should remain in sync for approximately 90
degrees of additional clockwise rotation.

6. Continue rotating the control to the extreme clock-

wise position. At this extreme position the picture
may go out of sync, and show one diagonal black
bar sloping down toward the right or one vertical
like this:

Fig. 4-6

These checks of the limits of stable sync
operation, with a normal and steady picture within
those limits, indicate that the horizontal oscil-
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lator is properly aligned. If the receiver fails to
pass these tests, the horizontal oscillator must
be adjusted.

Procedure for Adjusting the Horizontal Oscil-
lator. ~ If there is trouble with the horizontal
oscillator, there are three controls that you must
check and adjust. These are the horizontal fre-
quency adjustment, the horizontal locking range
adjustment and the horizontal drive control. In
this receiver, the horizontal oscillator frequency
control is located under the chassis; but you can
getat it through the bottom of the receiver cabinet,
In other receivers this control may be found on

- top or at the rear of the chassis. The horizontal
locking range and the horizontal drive controls
are usually at the rear of the chassis.

1. Horizontal Oscillator Frequency Adjust-
ment. — To reach this control turn the receiver
on its side with the high voltage compartment
down. Remove the metal panel and the control
can be reached in the position shown in Fig.

3-16 (Lesson 3).

Now turn the HORIZONTAL hold control on
the front panel to the extreme clockwise position.
Tune in a television station. The extreme clock-
wise position of the HORIZONTAL hold control
is an important control point for the horizontal
oscillator ‘adjustment. When the adjustment is
correct, as explained in the previous section on
*‘Checking the Horizontal Oscillator Alignment”,
the picture should be out of sync and should show
a vertical or diagonal black bar. But a slight
movement of the HORIZONTAL hold control
counterclockwise should bring the picture into
sync.

If the picture does not check that way, adjust
the horizontal oscillator frequency adjustment and
repeat the checking procedure until the picture
checks normally.

The frequency of the horizontal oscillator may
shift slightly as a result of the aging of the oscil-
lator tube. The adjustment we have outlined is
the best way of knowing that it is set right.

2. Horizontal Locking Range Adjustment. —
In normal operation the picture should remain in
sync as the HORIZONTAL hold control is rotated
clockwise, all the way to the extreme position.
But within 90 degrees of rotation at the counter-
clockwise end of the control the picture will
normally go out of sync when you remove the
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signal by switching off channel and then back.
[his pull-in range is less than the locking range
because it is more difficult to pull the horizontal
oscillator into sync than it is too keep the oscil-
lator synchronized once it has been locked in.

When the HORIZONTAL hold control does not
sync the picture over a wide enough range; you
can make the correct locking range adjustment
as follows:

1. Set the HORIZONTAL hold control at the full
counterclockwise position.

2. Momentarily remove the signal by switching off
channel and then back.

3. Slowly turn the HORIZONTAL hold control clock-
wise and note the least number of diagonal bars
obtained just before the picture pulls into sync.

4. If more than three bars are present just before the
picture pulls into sync, adjust the horizontal lock-
ing range control slightly clockwise.

5. If less than three bars show, the adjustment of the
horizontal locking range control is made in the
opposite direction, counterclockwise.

6. Turn the HORIZONTAL hold control again counter-
clockwise, momentarily remove the signal and re-
check the number of bars present at the pull-in point.

7. Repeat the adjustment until the correct condition
of three bars present at the pull-in point is obtained.

The adjustment of the horizontal locking range
control may affect the frequency of the horizontal
oscillator. So you must go back and recheck the
operation of the HORIZONTAL control at the
extreme clockwise position and readjust the hori-
zontal oscillator frequency control, under the
chassis, if that is necessary.

If you have to change the setting of the hori-
zontal oscillator frequency control, that in turn
requires a recheck of the operation of the HORI-
ZONTAL hold control at the counterclockwise
end of its range. If the check at this end does
not show correct operation, you have to readjust
the horizontal locking range control.

With care, you should reach the correct adjust-
ment within.one or two checks at both ends of the
HORIZONTAL hold control range.

3. Other Adjustments that Affect the Hori-
zontal Oscillator. — Later in the set-up procedure
you may adjust the setting of the horizontal drive
control to get the proper picture width. Since
this setting has some effect on the horizontal
oscillator frequency, you must follow this with a
recheck and readjustment of the horizontal oscil-
lator.




Picture Quality Adjustments

In rare cases it may be impossible to obtain
synchronization by the normal adjustments given
above. As previously mentioned, the trouble
could be in the AGC system. This adjustment
will be explained later. However, the trouble
could also be in the horizontal oscillator circuit.

Where such trouble is at all possible — and it
very rarely happens in a new receiver — refer to
your Service Data notes for the particular model
of receiver concemed for special methods for hori-
zontal oscillator frequency adjustment. Since
such methods may require the use of a cathode
ray oscilloscope, they will be studied later in the
servicing section of this course.

PICTURE QUALITY ADJUSTHMENTS

4-5. When the picture synchronizes properly
you can go ahead with adjustments to improve
picture quality. To judge whether the picture is
the right height and width and whether it is dis-
torted or out of focus in any part of the screen, it
is best to tune in a test pattern.

This NBC test pattern is typical.

By
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Fig. 4-7

The picture should be 3/4ashigh as it is wide.
Therefore, in the test pattern the inner circle has
a diameter only 3/4 that of the outer circle. You
must adjust the picture controls so that the outer
circle just touches the sides.of the frame, while
the inner circle touches the top and bottom.

The converging lines enable you to judge how
well the focus controls are set, and in what part
of the picture there is distortion that must be
cot-rected.

4-7

To improve the sharpness and general appear-
ance of the picture, the following controls are
checked and adjusted in the order given:

. Centering adjustments.

. Focus coil adjustments.

. Recheck ion trap magnet.

. Height and vertical linearity adjustments.

. Width, drive and horizontal linearity adjustments.
. Recheck alignment of the horizontal oscillator.

NNV B N

. Adjust the focus control.

1. Centering Adjustment. — The picture may
be off center as shown in Fig. 4-8.

Fig. 4-8a Picture off center. horizontally.

Fig. 4-8b Picture off center vertically.

Centering of the picture is obtained in some
models by mechanically positioning the focus coil
by means of the three centeringadjustments screws
shown in Fig. 3-14 (Lesson 3). Some models have
electrical centering controls, located at the rear
of the chassis, and others accomplish centering
by means of a separate plate just forward of the
focus magnet.
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Center the picture on the screen by adjusting
the three centering screws, or by whatever means
are provided. If the focus coil has been properly
positioned when the kinescope was installed,
only minor adjustments will be needed now. It is
important that the focus coil be concentric with
the neck of the kinescope to prevent curvature
of the picture; and as a general rule it should
be placed as far toward the rear of the receiver
as its supports permit, for best overall focusing
results.,

If a comer of the picture remains shadowed
after the centering adjustments are made, the
position of the focus coil will have to be changed.

Loosen the focus coil mounting screws and
readjust the position of the coil to eliminate the
shadow. Then recenter the picture.

As previously mentioned, every time you ad-
just the focusing coil you must also recheck and
readjust the ion trap magnet for the position that
gives maximum brilliance on the screen.

2. Height and Vertical linearity Adjustments. -
Two adjustments control the height of the picture.
These are the height and the vertical linearity
adjustments, usually located on the rear of the
chassis. Misadjustments of these controls show
up in distorted patterns such as these:

Fig. 4-9 a Vertical non-linearity.

Figure 4-9a shows the picture crowded
at the top. The top and bottom are not sym-
metrical. This is a non-linear condition and must
be corrected by adjusting the linearity control.

Figure 4-9b shows the picture stretched out
vertically. The linearity appears to be alright.
In this case it is the height of the picture that
must be reduced. However, the linearity and
height controls are so closely interlocking that a
change in one requires a check and usually a re-
adjustment of the other..

Fig. 4-9b  Excessive height.

Watch out for any change in linearity when you
change the height of the picture. You will have
to readjust the linearity control if the top and
bottom wedges don’t look alike.

The procedure is:

1. Adjust the height control until the picture just fills
the frame or mask vertically.

2. Adjust the vertical linearity control until the test
pattern appears symmetrical from top to bottom.

3. Adjustment of either control will require a readjust-
ment of the othet.

4. You may also have to recenter the picture to align
it with the frame over the kinescope screen.

3. Width, Drive and Horizontal Linearity Ad-
justments. ~ There are three controls that affect
the width of the picture. They are the horizontal
drive, horizontal linearity and width controls

usually located at the rear or top of the chassis.
See Fig. 3-14 (Lesson 3).

When you see distorted patterns that look like
those in Fig. 4-10 they indicate improper adjust-
ment of these controls.

Figure 4-10a shows the picture cramped in the
middle. The horizontal linearity control may be
adjusted to correct this.
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Fig. 4-10a

In Figure 4-10b the picture is too wide. The
picture width ‘must be reduced by adjusting the
width control.

Fig. 4-10b

In Figure 4-10c the picture is non-linear, with
the circles in the test pattern definitely egg
shaped. This condition can be corrected by
adjusting the horizontal drive control.

Fig. 4-10c

The best order to follow in adjusting the hori-
zontal controls for picture quality follows:

1. Adjust the horizontal drive control to give a picture
of maximum width within the limits of good linearity.
Don'’t worry about the picture width at this point.

2. Adjust the horizontal linearity control to make both
sides of the test pattern symmetrical, and provide
the best overall linearity.

4-9

3. Adjust the width control until the picture just fills
the frame or mask over the kinescope screen.

If you change the adjustment of the horizontal
drive control, you must remember that this control
also affects the horizontal oscillator alignment.
So you have to go back and check the oscillator
alignment as explained in Sec. 4-4 and make any
slight readjustments you find to be necessary.

4. Final Focus Adjustment. = You can usually
touch up the picture to give sharper definition,
after picture quality controls have been adjusted

to give the right height, width and linearity to the
test pattem.

Adjust the focus control, at the rear of the
chassis, ro give the sharpest definition of the
vertical wedges of the test pattern, and the best
focus in the white areas of the pattern.

To make sure that the picture tube does not
get out of adjustment due to handling of the re-
ceiver, cleck to see that the kinescope cushion
and deflection yoke adjustment screws and the
focus coil mounting screws are tight.

5. AGC Threshold Control. — The AGCthres-
hold control adjustment determines the level at
which the automatic gain control (AGC) system
begins to operate.

The function of the AGC system is to reduce
variations in the brightness and centfast of the
picture due to variations in the signal strength at
the antenna. It is thus associated directly with
picture quality. In the 9T240 receiver, the AGC
control is a potentiometer and is therefore con-
tinuously variable. In other receivers, this control
may be a switch with several positions.

You must check the AGC operation andin some
receiver locations you may find that an adjust-
ment is needed. To check the setting of the AGC
threshold control, tune in the strongest signal,
sync the picture and then proceed as follows:

1. Turn the PICTURE control to the maximum clock-
wise position.

2. Turn the BRIGHTNESS control counterclockwise
until the vertical retrace lines just disappear.

3. Momentarily remove the signal by switching off
channel and then back.

4. When the AGC threshold control is properly set the
picture reappears immediately fo'llowi.ni this test.
But if tne picture takes loni;r than half a second
to reappear, tne control should ve adjusted.
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If adjustment is re_quired, check to see that the
PICTURE control is at the maximum clockwise
position.

5. Then turn the AGC threshold control in the di-
rection that reduces the gain of the receiver. In
some models this is fully counterclockwise. In this
position the picture may remain O.K. or the top one-
half inch of the picture may be bent slightly.

6. Now turn the control slowly clockwise until there is
a very slight ‘“‘bend’’ or change of bend in the top
one-half inch of the picture like this:

Fig. 4-11

7. Then turn the AGC threshold control counterclock-
wise just far enough to remove the bend or slight
tearing in the picture. This is the proper setting of
the control.

The AGC threshold control adjustment should
be made on the strongest signal received, if you
are to be sure that the receiver will not overload
when a strong signal is received.

The method of adjustment outlined may not
work in areas where the received signal is very
weak, because it may be impossible to get the
top of the picture to bend. In this case you make
the adjustment by continuing to turn the AGC
threshold control clockwise to increase gain until
the snow in the picture becomes more pronounced.
This snow is an indication of noise interference
originating within the receiver. You back down
the gain of the receiver by turning the AGC thresh-
old control counterclockwise until you get the
best obtainable signal to noiseratio in the picture.

After the AGC threshold control has been pro-
perly set, replace the cabinet top. Any metal on
the cabinet top, for example the speaker, may
affect the focus coil action in centering the pic-
ture. So, be sure to check and, if necessary, re-
adjust the picture centering after the cabinet top
has been replaced.

TUNING ADJUSTMENTS

4-6. Now, with the replacement of the cabinet
back panel, the normal set-up adjustment of the
receiver is almost completed. But there is one
more routine test of the receiver you must make.
You must check to see whether all available
stations can be tuned in properly.

In the 97240, if any- station does not tune in
properly within the middle third range of adjust-
ment of the FINE TUNING control, that channel
will have to be realigned.

Realignment that requires the use of test
equipment is normally not done in the customer’s
home. In such a case the set must be taken back
to the shop where all necessary equipment is
available.

R-f Oscillator Adjustments. — If the FINE
TUNING control does not bring in a station at a
setting near the middle position of that control,
the condition can be corrected by a slight adjust-
ment of the r-f oscillator.

The procedure is:

1. Tune in all available stations and note the position
of the FINE TUNING control at which the station
comes in properly. The setting is made by listen-
ing to the sound for best sound quality. It may be
possible to get sound at three different positions of
the control. The middle position of the three is the
correct tuning position, At the two extreme posi-
tions of the FINE TUNING control where it is possi-
ble to get sound you may also get sound bars in the
picture.

2. Note those stations that do not come in within the
middle third of the range of the FINE TUNING
control. These are the channels that have to be
adjusted.

3. Remove the knobs and the STATION SELECIOR
dial to expose the r-f oscillator adjustments (See
Fig. 3-17 (Lesson 3)

4, If more than one channel is to be adjusted, correct
the higher frequency channel first.

Remember that a change in the adjustment of
a higher frequency will affect the r-f oscillator
adjustment of all lower channels.

Now let’s take a close look at the r-f oscil-
lator adjustments. Not all of the adjustments are
located behind the STATION SELECTOR dial.
In that position we find the adjustments for
Channels 2 through 5 and Channels 7 through 12.
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Note the numbered holes through which the r-f 1. Turn the STATION SELECTOR to Channel 13 and

oscillator adjustments can be reached. A rotary

tune in the station by adjusting the FINE TUNING
control for the best scund quality.

plate attached to the STATION SELECTOR shaft 2. Check to see if the station tunes within the middle

closes all holes except that for the channel to
which the STATION SELECTOR is set. This
prevents you from touching any other adjustment
than the right one for the station to which you
are tuned.

thitd of the range of the FINE TUNING control.

With the STATION SELECTOR dial removed you
can see that the FINE TUNING control shaft is
coupled by a belt to a wheel which controls the
FINE TUNING adjustment. At the factory a pencil
mark is normally placed on this wheel to indicate
the middle of the range of the control. This is
shown in Fig. 4-13 on the next page.

The adjustment for Channel 13, the highest 3. Check to see whether the mark has been placed pro-

frequency of the high frequency television band,
and the adjustment for Channel 6, the highest
frequency of the low frequency band, are critical
adjustments that affect the settings of all the
other channels in their respective bands. These
adjustments are on the r-f tuner assembly and are
reached from the top of the receiver chassis.

chan. 6

kinescope
osc. L3/ P
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perly. If there is no mark, turn the control to both
ends of its range and carefully note the m'ddle
position. Also mark off the middle third of therange.

4. If Channel 13 tunes within the middle third of the

range of the FINE TUNING control, don’t try to
make the setting any better if all the othet high fre-
quency stations are alright. Remember that any
adjustment of the Channel 13 r-f oscillator will re-
quire readjustment of all the lower channels.

5. If Channel 13 needs alignment, carefully set the

FINE TUNING control at the mid position. Then

power

O transformer

O
O

CHANNEL SELECTOR S
6AG5
chan. 13
osc. C6

TOP VIEW OF

CHASS/S

Fig. 4-12

A word of caution is in order here. DO NOT
TOUCH ANY OTHER ALIGNMENT ADJUST-
MENTS THAN THOSE SPECIFIED. While it is
0.K. for you to make slight adjustments of the
r-f oscillator controls, using only the station
signal and the sound to check the setting, other
r-f tuner adjustments require the use of special
test equipment.

Let’s assume, as an example, that our receiver
is in the New York area and that Channels 13 and
5 are not properly aligned. Other channels come
in at the cormrect setting of the FINE TUNING
control. These are Channels 11, 9, 7, 4 and 2.

Now, to go ahead with the adjustment, proceed
as follows:

with the STATION SELECTOR at Channel 13 slow-
ly adjust the Channel 13 r-f oscillator adjustment
at the top of the r-f tuner assembly (Fig. 4-12) for
best sound quality. Since the location of this ad-
justment has not been made foolproof, you will have
to be particularly careful to pick the right adjust-
ment screw and not to touch anything else. The
setting of Channel 13 sets the basic adjustment for
the high frequency band. The adjustments for the
other high frequency channels can now be made
through the appropriate holes indicated in Fig. 4-13.

6. Set the proper t-f oscillator adjustment for Channels
11, 9 and 7, doing the highest frequency channel
first.

In general it should be possible to get the correct
adjustment within the range of the particular r-f
oscillator control. But in case this cannot be done,
for example with the Channel 7 adjustment, re-
member that higher frequency adjustments will affect
Channel 7. A slight adjustment of the control for
Channels 10, 9 and 8 might serve to bring the
Channel 7 t-f oscillator control within a range in
which it can be properly adjusted.

7. After adjusting Channel 7, go back and check the
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tune-in points for the other high frequency channels

on the air — Channels 13, 11 and 9. Readjust if
necessary.

8. Proceed in a similar manner with the adjustment of
the low frequency channels. The basic adjustment
for these channels is the Channel 6 adjustment on
the r-f assembly. In general the adjustments for the
individualchannels from Channel 5 down to Channel
2 can be made by the r-f oscillator adjustments indi-
cated in Fig. 4-13. Do not change the Channel 6
adjustment unless Channel 5 can not be properly
tuned without such a change.

9. On completing the adjustment for the lowest channel,
Channel 2, go back and recheck the tune-in points
on all channels that are on the air. All channels
should come in properly with the FINE TUNING
control set within the middle third of its range.

This procedure applies specifically to the
9T240 receiver. However, many receivers have a
similar front end. Be sure to check the Service
Data for each receiver you adjust, to make sure
you do it properly.

Fig. ¢-13

ELECTRIC POWER DIFFICULTIES

-4-7. We must have electric power of the proper
frequency and voltage to operate standard tele-
vision sets, and usually this is just a matter of
putting the power cord plug into a convenient wall
socket apd throwing the power switch to “*ON’’.
However, this is a big country, and for various
reasons the kind of electric current supplied to
homes and business buildings is not the same in
all parts of it. Since television sets may need to

be installed in practically any part of the country
before long, we’d better cover the principal kinds
of electric power supplied, so that installation
crews will be prepared to handle the problems
presented.

Kinds of Current Encountered. - Here is a
list of the types of electric current supply you
are actually likely to find at wall sockets, when
making television installations.

5. 230 yolt, 60 cycle a-c.
6. 230 volt, 50 cycle a-c.
7. 230 vole, d-c.

. 120 volt, 60 cycle a-c.
. 120 volt, 50 cycle a-c.
. 120 volt, d-c.

. 120 volt, 25 cycle a-c.
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There are probably a few small areas served
by other non-standard electric systems, but for
our present purpose we need only consider the
first three listed in detail. In areas where a
serious problem of non-standard electric supply
exists, your shop manager will undoubtedly have
full information about it, and will tell his instal-
lation crews where it exists in their district, and
what to do about it.

Getting back to the first three types of supply
current listed, we can note that the first kind,
120 volt, 60 cycle alternating current, is by far
the most common. It is so nearly universally
used in fact, that this is regarded as the standard
for home and office building electric supply.
Accordingly, most radios and other electric appli-
ances are designed to work on this sort of current,
including the majority of television receivers.
Of course, the design of television receivers and
other appliances allows for reasonable variations
in the supply current, say up to ten percent differ-
ence in voltage and perhaps four or five percent
in frequency. This is done to allow for variations
in the supply current at any point caused by such
things as the changingload on the line at different
times of the day, etc. The voltage particularly is
likely to drop below that specified in the franchise
of the power company, because of local condi-
tions, and it is important that appliances be able
to work satisfactorily even then.

So far, so good. Standard sets are built for
120 volt, 60 cycle a-c, as we have seen. Next,
we find that some cities are at least partially
supplied by electric lines carrying 120 volt, 50
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cycle a-c to dwellings and business buildings.
Most regular television sets meant for 60 cycle
current will operate satisfactorily on 50 cycle
supply, except for the record changer. The
changers are turned by a motor dependent upon
the power line frequency, so if we put a 60 cycle
changer on 50 cycle power, it turns one sixth too
slow. Dennis Day slides down to baritone, and
Nelson Eddy disappears into the lower depths,
among the bullfrogs.

Naturally this has been taken into account,
and alternate sets are available for service in
areas served by 50 cycle current, the only differ-
ence in their design being provision for normal
operation from 50 cycle current. Incidentally,
while most appliances meant for 60 cycle opera-
tion will function on 50 cycle supply, they may
show a tendency to overheat, and in general it is
better to check with the Underwriter’s label on
the device before you assume it is safe.

How to Identify D<c. — The next most likely
variation of electric supply is 120 volt direct
current, which is still quite widely used, parti-
cularly in the older parts of some large cities.
Here there will definitely be bad trouble if you
plug in a standard television setand switch it on.
At the very least, a fuse will blow in the circuit
concerned, and there is a fine chance of serious-
ly damaging the television set’s power trans-
former, or the ON-OFF switch. If you happen to
plug in the set with the switch in the “ON”
position, you may get a nasty hand burn, or an
eye full of molten copper droplets. All of which
means you should check with some person in the
building who knows before you plug into a doubt-
ful socket, or better still, check with a neon bulb.

This simple gadget is so useful it deserves a
word of mention here. It consists of a small -neon
lamp with a suitable resistor in series. When
hooked across a power line, the lamp will glow
with a reddish brillance, the shade depending
partly on the voltage across the lamp. On d-,
the glow is almost entirely confined to the elec-
trode in the lamp which happens to be connected
to the negative side of the power line, On a-c,
both electrodes will glow equally. Incidentally,
it doesn’t mattcr which way you plug the lamp in,
as both electrodes have similar characteristics. A
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suitable test lamp is sold by the General Cement
Company as their Type 5100 Ne-o-lite test lamp,
and other companies serving technicians and
engineers offer similar devices. The General
Cement lamp is mounted in a convenient holder,
with the resistor already wired in place, and short
test leads attached.

Getting back to the d-c supply problem it is
obvious a standard set can’t work fromd-c supply,
However, in many modern business and industrial
buildings, both d-c and a-c supply is available.
To prevent confusion, the wall outlets for both
lines are usually marked for identification, or are
equipped with different types of sockets. How-
ever, don't just assume that this is so. Check
first before you plug in. The building superin-
tendent can give you the right dope on which lines
and outlets carry the a-c you want, or quite often
the customer or a tenant can be of help. But don’t
guess, find out.

Another fairly common situation in large cities
is to find adjacent buildings supplied with differ-
ent kinds of electric power, perhaps one on d-c
and the next on a-c, or even two neighboring
buildings on.a-c of different frequencies. This is
particularly likely to turn up in districts where
buildings are gradually being converted over from
one system to another, and you’ll just have to be
on the alert to avoid trouble. There isn’t any
simple, handy gadget to tell you the difference
between 50 and 60 cycle a-c, but you can theck
that it is a-¢ with your neon lamp, and if a record
changer turntable turns at the right speed, it is
60 cycle, all right. And of course, you can usually
find someone who knows definitely, anyhow, in
case you have no other way to check.

Trouble From Defective Wiring. — You'd think
thar because of the danger of fire, everybody
would be extra careful about all electric wiring
in their homes or offices, but this just isn’t the
case. Quite often you'll find that on plugging
the television set in, the plug just won’t make
contact in the socket, or it will be very loose and
sloppy, making only a kind of intermittent, in-
secure contact. This usually results from bent or
broken fingers inside the outlet box, or loose or
broken wires, and it is not up to you to repair
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such defects. They are something of a fire hazard,
and it’s usually well to mention it to the customer;
being careful to be diplomatic about it, of course.
The main thing foryou to do is find another outlet
which can be reached with the set in the chosen
location, or in a pinch, get an extension cord.
Usually the customer will have one about the
house somewhere, or in an office building the
customer can secure one from the building super-
intendent, or otherwise. In any case, it is better
not to leave the set operating from a really bad,
insecure wall socket, because such an installa-
tion is almost certain to result in an unnecessary
service call later, if not in something more
serious.

Overloaded Electric Circuits.~ Suppose, that
on plugging in and turning on the television set,
a fuse in the line blows out. This will be indi-
cated by no power at the set, and usually by some
lamps or other electric devices going off. Once
in a great while this will happen on a line that is
not overloaded, if the fuse happens to have been
in service several years. But usually, it indicates
that the circuit in question is already supplying
all the current it is fused to carry. You can make
a rough check on this. by counting up the other
devices that went off when the fuse blew out. If
there is a refrigerator, severallamps, and perhaps
milady’s electric iron or a heater also on that
circuit, chances are the line is overloaded. You
must explain this carefully to the customer, and
get at least a few of the loads moved to another
circuit. An average television set will draw about
as much current as three or four hundred watt
lamps. This is only about one third as much
current as the average electric heater or iron, so
ifa heater or iron can be movedto another circuit,
your problem is solved. Of course, it may be
possible to move the television set itself to an-
other circuit (even small homes usually have two
inside wire circuits), but this will depend on the
desires of the customer. In a pinch, and if no
other solution seems possible, it may be feasible
to get the fuse replaced with one of five amperes
greater current capacity. But don’t you make the
decision on that. Such a change usually must be
authorized by the building superintendent or
landlord in a rented building, otherwise you are
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responsible for any damage that may result from
the change, such as a fire! You can get an idea
of whether or not a larger fuse is practical by
looking at the marking of the one that blew out.
If it is a ten or fifteen ampere fuse, chances are
good that it can be replaced safely with a twenty
ampere one, but in any case, get permission. And
its usually necessary to getitin writing, although
your employer will be the person to ask about
that. If the problem comes up, don’t hesitate
to consult your office by phone about it.

TESTING AND ADJUST ING ACCESSORY UNITS

4-8. Some of the television sets have' AM-
FM radio tuners and a record changer or changers
in addition to the television receiver itself.
These more elaborate units require some special
care in setting up, which is described in the
Service Data for each model. Since the number
of such sets you handle will be small in propor-
tion to the simpler ones, it isn’t very practical to
try to remember all the details -of each. Instead,
you should remember certain general instructions
and cautions, and consult the Service Data care-
fully for details.

In unpacking such sets, remember they have
many more parts that can be damaged in shipment,
and as a consequence must be better protected
from severe mechanical shocks and jars. For
instance, those having radio receivers that swing
out are sure to have special brackets or some
other device to prevent this happening accidental-

ly during shipment. Refer to the drawing of Fig.
4-14 as an illustration.

Various models will differ in the location of
such shipping brackets and cardboard packing
material, but the point to remember is that record
changers, tone arms, radio tuners and such ac-
cessories do have paéking material around them
that must be removed before they can be operated.
Check the unpacking instructions carefully before
you attempt to operate any set with which you are
not completely familiar.

These sets also have interconnecting cables
between various units, which must be firmly
plugged in to insure proper operation. It is quite
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possible for them to be loosened in shipment, so
check them against the appropriate drawing in
the Service Data to see that they are all properly
connected. Fig. 4-15 showing the cabling will
give you an idea of what to expect.

The same precautions about tube seating and
damage apply to the radio tuners as to the tele-
visionreceiver chassis. Also, in certain sets that
include radio tuners, the radio chassis is directly
under the front panel which carries the kinescope
mask. When this panel is removed for installation
of the kine, the radio dial lights must be carefully
removed from the bracket on the panel before it is
taken clear out of the set. Don’t forget to put
them back when replacing the panel. The dial
cord in AM-FM tuners must also be checked by
tuning from end to end of the range to make sure
it does not slip, and that stations come in at their
proper place on the dial. If they do not, it will
usually be because the pointer has slipped or
been improperly set on the cord. With an AM
station of known frequency tuned in accurately,

you can reset the pointer so that it registers
correctly. This adjustment is’ best done in the
upper part of the scale between 1000 and 1500 kes.
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TEACHING THE CUSTOMER TO OPERATE THE
RECEIVER

4-9. With the completion of the set-up ad-
justments on the receiver and a final check of all
stations on the air, your installation job is almost
but not quite finished. You still have your custom-
er to think of,to leave a good impression and to
be sure that she knows how to operate the set.

Telling Isn't Teaching. — Before going into
your final responsibility of teaching the customer
to operate the receiver, let’s get one thing
straight. Just telling the customer how to operate
the set is not teaching her. Neither is demon-
strating.

You have operated a television receiver so
often that you've probably forgotten that it’s not
as simple to a beginner as it is to you.. A mere
explanation of what each control does isn’t
enough — it’s too easy for the customer to forget.
She must actually turn the set on, tune it in, and
manipulate the controls for best results until she
has confidence in her ability to get good results
after you have left.

A thorough job of teaching the customer in-
volves the following steps:

1. Demonstrating the final result.

2. Explaining the steps involved, from turning power
on to turning it off again.

3. Having the customer go through the procedure
herself.

4. Showing the customer the Instruction booklet, and
ointing out passages that will enable her to correct
cer own mistakes.

S. Repeating step 3 until she can get a good picture
without help.

6. Explaining possible reception difficulties.
7. Checking other stations, and explaining any inter-
feence, etc., encountered.
Bear in mind that omission of any of these
steps may result in a return service call.

Before you call the customer in for instruction,
be sure you clean up thoroughly. You want to
leave a perfect job, that not only works right but
really shines. Brush up any shavings, stripped
insulation or other dirt that resulted from the job.
See that windows are closed and screensreplaced,
remeve any empty cartons or packing material.
And then, as a final gesture; take your polishing
cloth and shine up the receiver cabinet.

Now you are ready to call the customer to look
over your handiwork.

Demonstrating the Finished Job. — It is good
psychology not to show a perfect picture right at
the start. If the customer first seesa picture that
looks perfect to her; and then in handling the
controls the picture goes out of sync, she immedi-
ately thinks that you have done something wrong.

So before calling your customer for operating
instructions, turn the HORIZONTAL hold control
completely counterclockwise. Then you will be
sure that when the set is turned on and a station
tuned in, the picture will appear out of sync and
will stay out of sync until you are ready to de-
monstrate the right way to correct it.

The customer will be so happy to get a good
picture after seeing the mess the picture out of
sync looks like, that she will be much more
easily pleased with the set performance — and,
in her eyes, you have proved yourself to be an
expert.

Explaining the Operating Controls. — Go
through the operating procedure step by step and
explain why each step is taken.

1. Turn the OFF—ON SOUND volume control slightly
clockwise to switch the receiver on. Then turn
one-half turn clockwise to get the proper sound
volume. Better remind the customer at this point
to check whether the set has been plugged into the
line, and to look to see if the set has a TV—PH
switch and that the switch is in the TV position.

2. Now set the STATION SELECTOR to the station
which showed up best in your tests. Music or
speech should be heard in a few seconds, but you
have already made certain that the picture will come
in out of sync.

3. Set the FINE TUNING control for best sound quality.
It is important at this point to explain the use of
the FINE TUNING control to bring in a station at
the correct frequency setting.” The setting can be
made much more accurately by listening to the
sound than by watching the picture. It may be
possible to get sound at three different positions of
the control. The middle position of the three is the
correct tuning position. At the two extreme positions
of the FINE TUNING control where it is possible
to get sound you may also have sound bars in the
picture.

4. Turn the PICTURE control to approximately its mid-

position. Explain that the setting of the PICTURE
control determines the contrast between the light
and dark parts of the picture.

5. Turn the BRIGHTNESS control fully counterclock-
wise to cut off the electron beam, and then slowly
turn it clockwise until light with activity shows on
the screen. Explain the action of the BRIGHTNESS
control to set the maximum level for the light parts
of the picture. It is important to keep the brightness
down to a pleasing level. Too much brightness, if
continued for too long a period, can damage the
fluorescent coating of the picture screen.
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6. Turn the VERTICAL hold control until the pattern
on the screen stops moving up or down, or the
moving horizontal dark bar disappears. Explain to
the customer the operation of the VERTICAL and
HORIZONTAL hold controls to synchronize the
picture. Show that the picture can be thrown out of
sync vertically, by turning the control either to the
extreme counter-clockwise or extreme clockwise

osition and switching the station off channel and
Eack again. Make her feel that there is no mystery
about this loss of synchronization. She can easily
stop the picture from moving vertically by moving
the VERTICAL hold control to capproximately its
mid-position.

7. All this time the picture has been out of sync hori-
zontally. Now turn the HORIZONTAL hold control
clockwise to a position that will synchronize the
picture. Show the customer that the picture can be
thrown out of sync horizontally by turning the con-
troleither to the extreme counterclockwise or clock-
wise position and switching the station off channel
and back again. Then show how easy it is to sync
the picture by moving the HORIZONTAL hold con-
trol to approximately its mid-position. It is important
to explain at this point that when a picture 1s first
tuned in, 1t takes some time for the circuits to warm
up. During the warm-up period of about 15 to 20
seconds you cannot expect the picture to remain
steady. Also in switching from one station to an-
other the picture may not immediately come into
synchronization. Tell the customer that, in general,
she shouldleave the VERTICAL and HORIZONTAL
hold controls in their mid-positions. But she must
not be afraid to adjust them to synchronize the
picture.

By this time the customer feels that she knows
just how to operate the receiver. Never let it go
at that. Make sure that she knows how.

Let the Customer Take Over. — Shut off the
receiver and change the positions of all the oper-
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ating controls. Then ask her to go through the
steps you have just shown. In most cases she
will go right to it.

But in case she hesitates and shows fear of
this new and complex gadget that has been set up
in her home, you have to convince her right then
and there that it is no more dangerous than a
lamp or a vacuum cleaner.

Ask her to place her hand on the OFF-ON
SOUND control and to turn on the set. Explain
that this first control is no different from the
switch on her radio. Just the fact of touching
this strange gadget helps to overcome that initial
fear of the unfamiliar. Then let her handle the
controls, step by step. Don’t criticize, but en-
courage her efforts. Give advice only to correct
an improper adjustment.

Have the customer go through the procedure
three or four times to be sure that she knows how
to operate the controls. Before she starts her
second or third trial run, turn over to her the
copy of ‘‘Operating Instructions”’ that generally
goes withthe set. Show her where to find the con-
trols that will correct common operation mistakes.
so she will be able to correct her own errors if
she forgets something after you leave.
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Leddon 5

WHAT THE CUSTOMER EXPECTS

5-1. *‘As Gabriel Heatter would say, ‘There’s
good news tonight.” Having in despair written
to you regarding trials and tribulations attending
my purchase ofa (Name)televxsxon receiver,] now
make haste to let you be the first to hear of my
satisfaction and renewed enthusiasm for tele-
vision.

You may now close your files on the S
case with my assurance that the television we
have viewed for the past week has been without
a flaw and is a credit to the (Name) Company.
There has been no interference or any other
complication to complain of and the set is
truly a joy now. I am grateful that your organi-
zation has such fine men as Mr. O— and
Mr. T who are not afraid to exert themselves
just a little beyond the call of duty.”

The above quotation is an excerpt from aletter
from a satisfied customer. Let’s compare it with
a letter from a dissatisfied customer.

Gentlemen:

I am a thoroughly dissatisfied owner of a (Name)
television set, For your information I am listing the
causes which have changed my opinion.

1. The set was delivered with a broken cabinet leg.

2. The signals are weak and polluted by reflec-
tions.

3

I am emban'assed because I insisted on the pur-
chase against the wishes of my family.

Today I getenly sound and no picture reception.

Your truly,

Mr. E.B

New York

Of course, these troubles have been corrected.
But a careful job of initial installation would
have saved the customer much embarrassment,
not counting the time lost in extra service needed
to convert him again to a satisfied customer.

TELEVISION SERVICING COURSE, LESSON 5

What Is Meant by ‘‘Customer Relations.'’ —
We pointed out in Lesson 2 that the prime ob-
jective of every receiver installation is the
creation of a satisfied customer, and that it takes
a lot more than a technically perfect installation
to achieve this objective. We could define the
subject of Customer Relations as the sum total
of all things we do or avoid doing in order to
create good will — that is, to keep customers
friendly.

There are two distinct aspects of this problem,
One is a company responsibility, and is concemed
with such broad topics as company policy on
service contracts, advertising and personnel.
The other is the impression that you, personally,
make on the individual customer. Actually, in
your contact with the customer as an installation
or service man, vou carry both responsibilities.
To the customer, you are the Company, and he
looks to you to fulfill all that he expects of
the company.

The Company's Responsibility. — The customer
naturally expects the company to live up to all
the terms that are included in the Service Con-
tract and to carry out all of the provisions of
its established installation and service policy.
The customer expects you to know these things
and to be able to answer any question about
which he is in doubt. You have to know all the
answers, if you are to understand all that has
been promised to the customer and the limitations
of these promises. Specifically, this includes
such matters as:

1. The provisions of a typical Service Contract

2. Installation zones, — and the standard charge for
each zone.

3. Standard and special inscallations

4. Indoor antenna installations

5. Surveys '

6. Legal requirements

7. Fite Underwriters and Local Building Codes.

These matters ordinarily are covered in
detail in the Service Contract. It should be
studied carefully so that you will know what is
permissible.
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Particularly important to remember is that
there are certain legal requirements that must be
met in the installation of a television receiver.
These legal restrictions may seem to make it
harder for you to carry out the contract, and they
will be discussed in Sec. 5-3. The basic require-
ment is that such installation shall not in any
way damage the premises or the customer’s
property or become a safety hazard.

Your Responsibility. — Besides understanding
all these provisions thoroughly se that you can
explain them to the customer, it is very important
that you personally make a good impression. The
customer expects many things from you that are
not stated in any contract. Promptness, courtesy,
neatness and respect and care of his property are
obvious — and there are lots of others.

To keep the customer happy and give him
satisfactory service you have to think of and live
up to the highest standards in such things as;

1. Your personal appearance
2. Your conduct in the customer's home

3. The neatness and assurance with which you
carry out the installation job.

But with all of this, the customer may still
find cause for complaint. The successful com-
pletion of your job can be judged only by the de-
gree of continued satisfaction that the customer
findsin the performance of his television receiver.
You may not be able to please all of the custom-
ers, in every respect, all of the time. But you
can go a long way toward that end when you do a
good job in such essentials as: (1) instructing
the customerin the operation of the set;(2) Giving
courteous and clear answers to customer ques-
tions that seem to be foolish. Remember, they
don’t seem so foolish to the customer!

We will consider all of these items in detail
in this lesson. But it must not stop here. Custom-
er relations is so important in all our dealings
that it must be kept in mind at all times. We will
keep on referring to it, wherever it fits in, in all
the remaining lessons in this course.

The installation of a television receiver is a
very serious matter to your customers. To many it
may be just that they want their money’s worth

Fig. 3-1
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in pleasure —they must not miss that World Series
game. To others the important thing is to impress
the neighbors — they just must have it for that
Saturday night party.

But there are other reasons why a television
installation can be important. The followingletter
makes one realize what it can mean to those who
are shut in.

Dear A

1 want you to know how deeply appreciative I am
of the exceptionally fine job that was done by the in-
stallation group that put a television set in the home
of Mr. J. G , one of our employees.

Frankly when I spoke to you, I never dreamed that
it would be possible to reach men whose day’s work
had perhaps been assigned maybe days or weeks in
advance. However, an anxious daddy sometimes re-
sorts to expecting the unexpected when the youngster
is seriously ill. It was the senior G ’s idea that
doctors had done as much as they could, and possibly
the thrill of a television set might be able to do more
than the skill of a family physician. Believe me, you
and the installation group did just that.

Early this® morning, actually before nine, there
was a bouyant dad who popped his face into my office
and said, '‘That did it. The kid’s better.”

This means just one thing, the set was installed
and ready for operation Saturday morning and your
organization has a new junior booster.

Please relay to everyone my appreciation of what
was truly an emergency installation, and has made
somebody a great booster for the service rendered by
your company.

Sincerely,

¥. D

The Factory Service Contract. — What is
it that a customer expects when a television
receiver is installed in his home?

Right on the face of the Contract are usually
listed five essentials that you, and the entire
organization backing you,must live up to. These
items are:

1. Installation of a television antenna and all acces-
sories necessary for reception from local television
stations already in operation at the time of the in-
stallation, and within the normal service range.
(It may not be possible to obtain satisfactory re-
ception in all cases, however, because of abnormal
conditions.

2. Installation and initial adjustment of the television
receiver.

3. Instruction with respect to proper operation and
care of the receiver.

4. Service and maintenance of the television receiver
and antenna to which the contract relates, as re-
quired for normal usage for the period of the contract.

S. The services of television field technicians of the
Service Company, who will petform or direct all
work under the contract.

The installation technician is primarily con-
cerned with Items 2 and 3. We have promised the
customer the inswallation and initial adjustment
for best reception, and instruction with respect to
the proper operation-of the receiver.

Of course the customer expects, and has a
right to expect, a perfect technical job of instal-
lation. But there are those other things, some
that seem to be little, that add up to make an im-
pression on the customer. These things include
such matters as courtesy and neatness in your
conduct and work, care of the customer’s pro-
perty, and ability to answer pertinent questions
regarding the Service Contract and the perfor-
mance of the set.

It is a good idea to read carefully both sides
of the Contract and become familiar with all that
the customer "has been promised — and also the
limitations.

Typical items that are usually included inthe
Service Contract are:

1. Antenna and Accessories: This covers the type of
antenna to be installed in accordance with stan-
dardized methods, National Board of FireUnderwriters
codes, and applicable local ordinances. The con-
tract holder is responsible for obtaining permission
from the owner of the premises for the erection of
the antenna. The antenna and accessories are in
accordance with the requirements for a standard
installation, to be defined later.

2. Installation of Receiver: The receiver must be set
up, tested, adjusted, installed and placed in proper
operation.

3, Instruction of Contract Ilolder: The contract holder
must be instructed with respect to the proper oper-
ation and care of the receiver.

4. Service Under Normal Use: Service and maintenance
of the television receiver is guaranteed for normal
usage. This includes material, parts,and tubes,
including the kinescope, which fail to give satis-
factory service in normal usage during tEe contract
period.

S. New Television Stations: In cases’where it may
be necessary to reorient, move, add or replace any
part of the antenna system as a result of new
stations coming on the air, or changes in trans-
mitting conditions, such necessary work will be
performed at the request of the contract holder, at
the prevailing rate for materials and labor.

6. Overation From Centralized Antenna System: In
the event the receiver is operated from a central
antenna system, responsibility is assumed only for
the receiver operation, not for the centralized an-
tenna operation or its distribution system.

7. Changes Made- Necessary By the Federal Commun-
ications Commission Regulations: In the event
changes in transmission standards or band assign-
ments are made by the federal government, any
required circuit changes or component adjustments,
if technically feasible, will be made at the request
of the contract holder, at a reasonable charge for
labor and material.
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8. Fire, Theft, Etc.: No responsibility is assumed for
loss or damage to the receiver cansed by trans-

portation, fire, water, windstorm, hail, lightning,
earthquake, theft, negligence, riot or any other
cause originating outside of the television receiver
and antenna.

9. Interference Effects: No liability is assumed for
the elimination of external interference created by

passingautomobiles oraircraft, electrical phenomina,

appliances,diathermy, short-wave and FM receivers
or transmitters or other external electrical dis-
turbances. Where the effects of such electrical
disturbances can be minimized by normal controls,
efforts are made to give optimum results.

10. Auxiliary Power Apparatus: No liability is assumed
in respect to installation, service and maintenance
of motor-generators or other devices used for pro-
viding power to the receiver, or for interference
effects resulting from such power supply.

11. Relocation of Receiver: Only the initial installation

of the receiver is-covered. In the event the receiver
is to be moved or a change in the installation is

requested, such change will be made at the pre-

vailing rate for materials and service necessary.

INSTALLATION AND SERVICE POLICY

5.2. First of all you must know the instal-
lation and service policy in regard to the things
that can and cannot be done. You never know
when you will run into a situation in which this
knowledge will be needed — not just to answer
customer questions, but to save you unnecessary
work and trouble.

The customer pays the bills and there are
times when you may have to explain the charges.
Let’s see on what basis these charges are de-
termined. This will enable you to have on hand
all the information you will need to explain to the
customer.

Basis of Charges. — In general you install
and service television receivers wherever sig-
nals are strong enough to give relatively good
performance. Besides being satisfactory to the
customer, this performance must be such that it
does not detract from the high standards set for
reception.

Service Contract charges are determined by
the type of set, and the zone in which the cus-
tomer is located. These may be classified as
zones A, B and C, according to distance
from the transmitter.
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Zone A.Installations. —= Zone A is the area
within 20 miles of most of the transmitters in
that district. In the greater part of this area a
good strong signal may reasonably be expected,
so that a standard installation will work well. In
this area there may be parts where intervening
hills, obstructing buildings or other factors
limit the reception. In such cases it may be
necessary to use an extra tall mast, a special
antenna or an extralength or type of lead-in. Such
installations would be classified as special and
a higher rate would be charged.

Zone B and C Installations. — Beyond zone A,
the reception from television transmitters is
usually less dependable, is more subject to inter-
ference and may vary with the weather conditions,
season and the time of the day.

Television installations are made in: zone B,
extending approximately 10 miles beyond zone A;
and zone C, approximately 10 miles beyond the
boundary of zone B.
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Maps showing the boundaries of these zones
may be prepared for eacharea in which transmitters
are operating. Such a map for the Tulsa,
Oklahoma area is shown in Fig. 5-2.

The basic Service Contract charges for
installations in these outer zones are higher
than those for zone A. These higher charges,
however, do not include any provision for a
special antenna installation. If it is determined
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that one is needed, the extra charge must be
added to the basic Service Contract charge for
that zone to arrive at the total charge.

A receiving location in one of these outer
zones may not be equally favorable for all trans-
mitters in the area, and in an extreme case the
reception may be satisfactory only from the one
which is the most favorably located. It is im-
portant that you explain this carefully to the
customer so that no misunderstanding can result.

A preliminary survey should establish the kind
of reception to be expected at the locality, and
what kind of special installation, if any, is neces-
sary to bring the reception up to an acceptable
standard. The customer should be fully informed
of any limitations in the reception to be expected,
right at the start.
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Standard Antenna Installations. — A standard
antenna installation includes a single section
mast of standard length (at present this is not
more than 12 ft.), an antenna consisting of a
dipole, or dipole with reflector, or folded dipole
with reflector, a high frequency element, (in-
stalled only where necessary, for reception of
established television transmitters within their
normal service range), necessary mounting
brackets, up to 100 feet of parallel wire trans-
mission line, lightning arrestor, insulators and
accessories.

Remember that the established rates for stand-
ard installations in the various zones cover only
Of course, it is assumed that a
110 volt a-c power outlet is available conveniently
to the location of the receiver.

one receiver.
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Fig. 5-4

Special Antenna Installation. — A special an-
tenna installation, as shown in Fig. 5-3, is one
or more of the following:

1. A mast taller than the standard (12 ft. at present).

2. A more complex antenna arrangement than the
standard, such as:

(a) One with an extra element or stacked array.
(b) An extra antenna and mast.

3. A transmission line longer than 100 feet.

4. Elimination or reduction of interference radi-
ations.

5. Special signal boosting amplifiers.

6. Modifications of building structure for supporting
antenna or transmission lines.

7. Special building construction permits. (It is
the customer’s responsibility to obtain such a
permit when it is required.)

8. Installation of more than one receiver at any one
location.

9. Any other variation from a standard installation.

It is possible that a special installation may
be required in some locations in zone A, although
experience has shown that this is so in less than
10% of zone A installations. On the other hand,
there are many locations outside of zone A, where
a standard antenna installation will work well.
Of course, the more distant receiver locations are

more likely to require a special antenna instal-
lation, subject to a higher charge to the customer.

Indoor Antenna Installation. —When the custom-
er cannot get the landlord’s permission for the
installation of an outside antenna it will be
necessary to install an indoor antenna. In many
sections in zone A an indoor antenna can be ex-
pected to work well, although it may not equal
the performance of an outside antenna.

Where the indoor installation consists of a
built-in antenna in the receiver or a regular
indoor antenna that can be placed in the same
room with the receiver and where no special prob-
lems are involved, the customer is entitled to a
lower charge thanfora standard installation. Fig.
5-4 shows an example of an indoor installation.

But, where the antenna is a dipole or folded
dipole constructed from parallel wire line (ex-
cluding a built-in antenna) or a standard antenna
installed indoors or outside a window with a
transmission line connecting to the receiver, the
installation can be considered as standard and
charged for accordingly.
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Fig. 5-5

Fig. 5-5 shows an example of a standard
installation where the antenna is not on the roof.

It is possible that some indoor installations
may be classed as special installations at a
higher charge. Such cases are:

1. Where more than one receiver is installed at the

location.

2. Where more than one antenna is installed with a
switch to enable better reception from a number
of stations.

3. Where a booster amplifier is installed.
4. Where any other special provision is made to
eliminate interference or serious reflections.
These facts must be made clear to the custom-
er at the time of installation. Otherwise extra
effort is needed to clear up such customer com-
ments as follows:

Dear Sirs:

Under the conditions of not being able to have a
regular television aerial with a mast on the roof and
using only a 300 ohm lead-in wire and folded dipole
made of 300 ohm line, [ believe my set has been operat-
ing very well and clear.

I believe that I am entitled to a refund because
the regular aerial was not used.

Your truly,

Mr. K. L

Surveys. — .In general, good reception becomes
more difficult as the distance between the trans-
mitter and the receiver location increases.

In areas outside of zone A, where reception
factors are unknown, it is advisable to have the
location adequately surveyed before making a per-
manent installation. In such a situation the sale
and installationis made contingent on the outcome
of a test and demonstration for the customer at
the location.

If the customer is satisfied with the reception,
the survey cost may be absorbed by the service
company, provided authorization is obtained from
the dealer to proceed with a permanent installation
immediately upon completion of a satisfactory
demonstration.  Otherwise there is a nominal
survey charge.

General Policy Considerations. — Since the
installation and service policy is subject to
change and there are variations due to local
conditions, it is important that you keep advised
of the particular practices followed by your
office.
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That is the only way to know just what the
customer is entitled to. Then you can do a good
job of providing all that is required. Not only
will you be able to answer all customer questions
that are pertinent to the installation, but you will
avoid unnecessary work due to misunderstandings.

If any question-arises in regard to the instal-
lation, charges, etc., refer them immediately to
the office, so that the matter can be straightened
out without delay.

LEGAL REQUIREMENTS

5-3. Since the addition of any structure to a
building may become a safety hazard if the job is
not properly done, legal restrictions have been
set up in many parts of the country, to insure
the proper installation of television antennas and
receivers. Even where no specific mention of
television is made, the Local Building Code pro-
visions dealing with structures and electrical in-
stallations must be observed. The basic legal
requirement with which you are concerned is that
the installation shall not in any way damage the
premises or the customer’s property or become a
safety hazard.

You will stay out of trouble and keep your
company out of hot water if you are very careful
to live up to these requirements:

1. Permission of the owner of the premises is
necessary for the installation of an outdoor
antenna.

2. In a roof installation no damage to the roof
should resule.

3. All the requirements of Fire Underwriters Codes
and local Building Codes must be met.

Owner's Permission for Outdoor Installation. —
It 1s essential to obtain a written authorization
from the owner of the premises before proceeding
withan outdoor installation. It is theresponsibility
of the contract holderto obtainthis authorization.

The authorization to be signed by the owner
of the building, or his authorized agent, gives
the Service Company permission to install a
conventiomal television receiving antenna on
the building, provided that the installation con-
forms with good engineering and mechanical

AN

3-9

practices, and complies with local fire and
safety ordinances,

Without such a written authorization you
should not proceed with an outdoor installation,

You would hardly think that such a simple re-
quirement would be misunderstood, but here is a
case that shouldn’t happen — yet it did.

Gentlemen:

I had permission from my landlord to install an
outdoor antenna, but I did not tell my wife. I thought
all was settled, I did not know of any form.

Your serviceman installed the antenna, but not
the television set when my wife did not understand
the form and would not sign same. They returned to
the roof and removed the antenna.

After considerable trouble another crew was sent
and did a fine job. But they could not use the bolts
placed in the wall in the original installation, since
the bolts would not hold. These bolts are still there
for your inspection.

Very truly yours,

Mr. B

We will leave it as an exercise for you to
figure out how many things were wrong in the
above case,

Damage to the Roof. — A really serious pro-
blem that has been encountered, is customers’
complaints of damage to the roof during instal-
lation. In most cases the roof was probablyin bad
shape before the installation was made.

Of course it is necessary to be careful in all
work done on the roof. But all the care you may
take on the job won’t protect you from the custom-
er’s complaint, if the roof seal is broken and a
leak develops.

Before attempting any work on the roof, in fact
before actually setting foot on the roof, look to
see in what shape it is. If the condition of the
roof is not good, do not install an antenna on the
roof if it is at all possible to put it elsewhere.
If the owner insists on a roof installation have
him sign a written release,

In most cases where the condition of the roof
is doubtful, it is best to install the antenna some-
where else, preferably on the side of the house.
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Fig. 5-6

In every case be sure to record on your job
report the condition of the roof. This information
will be helpful in subsequent service calls, or in
case of customer complaints.

Here is an example of the sort of thing that
can happen:

Gentlemen:

About a month ago your men installed an antenna
on my roof and must have damaged the roof, because
when it rained last night the roof leaked badly.

The roof was new, having been ‘repapered and
tarred only about a year ago. Since your men were
responsible, you should see that the roof is put back
into good shape.

Yours truly,

Mrs. L. S

Investigation of the above case showed that
the leak had developed following a snow storm.
After a foot or more of snow had been shovelled
from the roof, it was found that the leak had
developed at a spot about 20 feet from the an-
tenna installation. The roof covering had been
badly blistered and had been cracked by the
weight of the snow.

If the installation crew had noted this condi-
tion in their job report the problem would have
been simple. As it was, the job of proving to the
customer that we were not responsible for the
leak that occurred a month later was not an easy
one.

It is entirely natural for a home owner to try
to place the blame for roof damage on the last
person he remembers to have been on the roof,
even though that might have been months before
the leak occured. This is sufficient reason for
making a careful roof survey, and listing on the
job report any condition that is below standard.

Roof damage can sometimes become quite
involved, as in the following case. About a week
after the installation of a television receiver at a
swanky night club, there was a terrific rain storm.
There was no visible sign of a leak, but all the
tropical fish in the glass panels all around the
walls were dead.

Investigation showed that a leak had de-
veloped on theroof about tenfeet from the antenna
installation. The water had seeped in between
the outer wall and the wall of the night club and
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caused a short circuit in the wiring. This had

stopped aeration equipment that kept the water
fresh in the club’s fish tanks.

Since the damage had occurred during the
weekend, and was not discovered for some time,
a great many expensive tropical fish could not
cavort around to entertain the customers.

Of course, since the last persons on the roof
were the television installation men, they were
the ones to be.blamed. And that case wasn’t
settled in a hurry!

Fire Underwriters and Local Building Codes.—
These codes are designed as a protection against
fire and as a means to insure public safety. They
are particularly of importance in the installation
of television antennas, since violation of these
codes can invalidate the customer’s fire in-
surance policy. If a fire or injury to some person
can be traced to a condition resulting from a
violation of the code in an antenna installation,
you and your company could be held liable for
the damage.

While there is some variation in local codes,
most follow fairly closely Section 313 of the
National Building Code Manual. This reads as
follows:

RADIO MASTS AND POLES

‘'(A) No part of any radio equipment shall be erected
in, on, or across any public street, avenue, road,
highway, or other public space, and no wire in con-
nection with, used or intended to be used for radio
reception shall be, when erected or in the course of
erection, either over or under or within 10 feet of any
electric light or power line.

(B) No wire, mast, guy or support, for any wireless
aerial shall be artached or strung over any fire escape
or. fire ladder, nor shall any radio antenna which
crosses the roof of any building be at an elevation of
less than 7 feet above said roof.

(C) No pole or mast, guy or support for any wireless
aerial shall be placed in any soil stack, vent pipe, or
other plumbing appurtenance. No pole or mast, on a
roof of a building and exceeding 20 feet in height, shall
be erected without approval of the inspector of build-
ings; a sketch showing the dimensions, and proposed
method of securing such pole or mast shall be sub-
mitted.”

Installations close to power lines may look
safe enough. But in case of a storm, if either the
power line or antenna is blown down, there is
danger of contact with the high tension wire. In
an installation in which the antenna elements are
less than 7 feet above the roof, there is a hazard
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to firemen who may have to operate on the roof
in an emergency - particularly at night, when the
projecting elements are not easily seen.

These requirements and others relating to the
use of lightning arrestors, grounding antenna
masts and the minimum size of ground wires have
been set up as safety measures. As such they
must be lived up to.

Because of local conditions in some sections
of the country the code may be modified in some
respects. [t is necessary, therefore, to ‘¢check
the local code in your district and live up to the
requirements as specified there.

You must remember that even though the
Customer may request it, an installation that is
counter to the Fire Underwriters and Building
Codes should not be made. Where there is any
doubt, the matter should be referred to your super-
visor for checking with the Local Building In-
spector.

CONDUCT IN THE CUSTOMER'S HOME

5-4. In previous lessons we have referred to
the importance of the way in which you conduct
yourself and your work in the customer’s home.
This makes quite an impression on the customer,
as these letters show:

Dear Sir:

I have had much trouble receiving Channel #13 on
my set, and several repair men had told me that the
trouble was unavoidable. With this for an answer I had
reconciled myself to poor reception until I was intro-
duced to one of your servicemen, Mr. D

I am almost embarrassed in saying that it was a
rather difficult job to reach the antenna, but Mr. D.
took it all in his stride and reassured me in a most
pleasant manner that it could all be adjusted.

With promptness and dispatch, with sureness and
**know-how’’, this serviceman put right what had been
abandoned by others.

I thank you for the wonderful service rendered
your buying public and for your very good choice of
intelligent service men.

A satisfied customer,

Mrs. H. D

Gentlemen:

Last ‘week I purchased a(Name) television set
from a local dealer. The set was installed by two of
your men, Mr. ] and Mr. K

It gives me great pleasure to let you know that
these two men were the finest trades-people ever to
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come- into my house. First, they were gentlemen, just
as polite and gentlemanly as they could be. Second,
they both knew their business and lost no time in
making a proper installation. And third, last and most
important, they both seemed willing and pleased to
answer a lot o{foolish questions I fired at them, while
showing me how to properly operate my set.

I had begun to think that people of their ilk were
fast becoming extinct, but they renewed my waning
faith in mankind. I believe that in an organization of
your kind they wiil go far.

Very truly yours,

Me.B. M

The last letter illustrates an important way in
which good will is created, one not readily recog-
nized by most of us. When a customer asks a
question, however simple it may appear, it is not
a “foolish’ question — it is just something that
the customer does not understand and wants to
have cleared up.

Whether you are doing the job for one of the
L/ L . . .
four hundred; or for an average citizen like you
and me, courtesy and consideration are important
and appreciated.

The above letters are examples of jobs well
done. Now contrast them with a case in which
the customer was definitely not pleased:

Gentlemen:

After much consideration 1 am remitting my
check for renewal of my Service Contract. How-
ever, I feel that your service can and should be
improved.

On two occasions when | called for antenna ad-
justment to improve reception on the higher channels,
the service man did not even bother to go up on the
roof, saying that we had the best possible reception
that we could expect.

I hope that the second year of relationship with
your company will be more pleasant.

Very truly yours,

Mr. S.]

Of course, there are cases in which the
customer is somewhat unreasonable. But a little
extra courtesy and a little extra effort can bring
the customer around to a better understanding and
a better appreciation of the job that you do.

A particular case in point is illustrated in
this letter:

Dear Mr. O 8

Since writing my last letter to you, I have been
reconverted from a dissatisfied television set owner
to a well satisfied owner.

Mr. W. handled the complaint in a completely
satisfactory and competent manner and the re-instal-
lation conforms to what I had been led to believe an
installation should be.

I must admit that I deliberately tried to put Mr.
w on a tough spot when he was at my residence;
but he called my hand in a very courteous manner and
in my honest opinion did a very excellent job in every
respect. It was a pleasure to make his acquaintance.

Please accept my thanks for the prompt attention
to my complaint, and you can be assured that you have
changed my mind about your service. T am well
pleased with the entire transacrion.

Very truly yours,

A.Q

Thingsto Remember inthe Customer's Home, —
When you approach the customer’s home as a rep-
resentative of your service company, you carry
with you the prestige of the organization — in
fact, to the customer you are the company.

To live up to that prestige, there are a few
simple rules to remember. Actually, they all add
up to just one basic rule. Ask yourself the
question:

““Is this the courteous and the proper thing
to do?”’

Then, whenever you are in doubt, take the time
to think it over to see if there isn’t a better or
more courteous way to do the job or to handle the
situation.

Specific rules to remember are:

1. Before starting on the job, check your
personal appearance. A clean shave, clean
clothes, a neat hair comb, clean hands and finger
nails not only make you feel at your best, but it
makes a good initial impression with the customer.
It is a real help in starting the day right.

2. If no one answers your first ring or knock,
try several times at one minute intervals to make
sure that no one is home before leaving a ‘*Not
at Home Card”’.

3. When first greeting the customer establish
your identity by showing your identification card
or badge. Do this without waiting for the custom-
er to ask you.

4. Never enter the homé unless accompanied
by some member of the customer’s family. This
applies even when the customer has left the key
with a neighbor with specific instructions to
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admit you. You must be firm, in such cases, and
leave your “‘Not at Home Card”’ instead.

. N

(Name of Company)

EMPLOYEE

IDENTIFICATION CARD

Signatwis of Holdw
This Cord muat be surrendered befors recaiving finel weges. /

Fig. 5-7

Fig. 5-8

S. Watch your manners when entering the
customer’s home. Leave rubbers, raincoats, etc.
outside. Be careful not to track any mud into
the home.

6. Confer with the customer on the location of
the set and the antenna. If possible try to satisfy
the personal preference as expressed by the
customer, as long as that is not detrimental to
the performance of the set and does not violate
safety regulations.

7. Inspect the set carefully before starting
any work. Watch for any damage to the cabinet.
If any repair is b yond your facilities, call the
office for instructions.

possible antenna /location
Fig. 5-9

8. Stick to Contract provisions. If any ques-
tion arises show your copy of the Contract and
explain its provisions. If this doesn’t clear up all
questions, offer to put the customer in touch with
the manager.

9. Ask permission before using the customer’s
phone. Make the call collect, if there is a toll.
If the call might upset the customer it is better to
excuse yourself for a few minutes and to use an
outside phone.
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10. If a situation arises in which a more ex-
pensive antenna or other special installation is
needed than your instructions call for, have either
the dealer or the customer approve the extra
charge in writing before you go ahead with the
extra work. The customer is entitled to a full ex-
planation of any extra charge. The best way is
to show an official rate sheet from which the
charge is determined.

Fig. 5-14
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11. Use a drop cloth as a place to set out
your tools, and as a means for catching shavings,
filings and stripped insulation. Never place tools
on the customer’s polished floor, rugs or furniture.

Fig. 5-12

12. Be careful of the customer’s property. If
you have to move furniture, ask permission and
be sure your hands are clean. Be particularly
careful when using a soldering iron.

13. Be sure to ask where to clean up, when it
is necessary. Avoid use of the customer’s towels
and leave the wash basin clean and in good order.
Remember that housewives are mighty fussy about
their bathrooms and guest towels.

'14. If you have to work in front of a family
audience, don’t encourage questions. But if ques-
tions are asked that involve your work, make your
answers as simple and to the point as possible.
Be courteous but firm in avoiding drawn-out con-
versations.

15. Carefully polish the face of the kinescope
and both sides of the safety glass to be sure that
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there are no finger prints or annoying specks to
spoil the television picture.
Fig. 35-13 Fig. 5-14

16. When the set-up job is completed, clean 17. Explain completely the operation of the
up all refuse and polish the cabinet. Be sure to set to the customer. Make sure that the proper
see that windows are closed, screens replaced use of each control is understood. Check to see
and that everything is in order. that the customer has an instruction book.

As provided by your TELEVISION OWNER CONTRACT, this instrument has been installed
in accordance with factory standards by our own specially trained technici if it requires attention

which are the numbers of our nearest television service shop.

CALL Address___ ____ _ (Phone Number)
©

- @ ~o— |
As long as your TELEVISION OWNER CONTRACT IS IN FORCE, we will, without extra charge,
make whatever repairs are needed to keep this instrument in normal working order, provided,
of course, that such needs result from normal usage. (See your copy of this contract.)

ABERICAN TAS €. BELLEVILLE. Rs Jo

ovey |

- - —

/ |MPOR'|‘ AN Troubles can be cleared most speedily if you make |

each of these simple checks BEFORE calling us. t

1. POWER FUSE — Is it intact? (You can check by plugging a floor lamp into the same
socket, But if you do, be sure to plug the instrument’'s power cord
back into the sockel again after making this test.)

2. POWER CORD —Is it plugged in? Making good contact?
{"’-\\ 3. ANTENNA — — Aro both wires firmly connected to your instrument’s terminals ?
d O \ 4. CONTROLS — — Are all controls set as called for in the instruction book?

\_/' 5. STATION — — Is the station you want on the air? (If you can tune in another, it usually
means the one you can’t get is off the air.)

6. PICTURE DEFECTS —Check what you see against the pict in the i tion! book.
(Refer particularly to trollable interf: offects.)
- @ o
\ 10vER)

Fig. 5-15
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Fig. 5-16

18. Explain your organization set-upand show
the customer the address and telephone number
on the service tag which you attach at the back
of the receiver.

19. Make your “‘Goodbye’ important. If you
have done a good job, you have gained a friend
whose good will is passed on to friends and
neighbors,

Fig. 5-17
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Some “Don'ts" to Keep in Mind. — It is always
best to remember the affirmative things that you
should do. These are listed in the above set of
rules of what to do on the installation job. How-
ever, there are also some “‘don’ts’* that you need
to watch out for.

1. Don’t smoke on the job, unless specifically
invited to do so by the customer. In general, it is
best not to smoke when working in the home. If
you are invited to smoke, be careful to dispose
of ashes, and do not rest your cigarette on furni-
ture or wood trim.

Fig. 5-18

2. Do not accept an alcoholic drink while on
the job. The refusal of a drink offered by a
customer will not be misunderstood if made
courteously. Common sense tells you that it is
not wise to drink on the job — not even a beer or
two between calls.

e,

Fig. 5-19

3. Don’t forget your promises or appointments.
Do not make promises unless you know that you
can keep them. Keep your appointments, and on
time. Sometimes a customer will try to get you
to promise something that you cannot deliver.
The only safe procedure is to make authorized
promises only.
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4. Don't interrupt a customer who is trying to
explain what he wants or what is wrong. Respect
the customer’s viewpoint. He has to pay the bill.
By listening courteously you get at the facts,
gain his confidence and find it easier to explain
any points that need to be cleared up.

Fig. 5-20

S. Don’t criticise the customer. Even when
you know that he is at fault, be as diplomatic as
possible and avoid giving any cause for offense.

6. Don’t take anything for granted. Check
everything carefully. Check all the controls and
all the stations on the air. Check the customer’s
operation of the controls. Make sure that the
customer knows how to handle the controls pro-
perly before you consider an installation job
finished.

7. Don’t have technical discussions with a
helper on the job in the presence of the customer.
In general that is bad form, particularly if it in-
volves points of difference regarding repairs.
Any lack of cooperation or coordinated judgment
in the presence of the customer leaves a poor
impression.

8. Do not neglect routine safety precautions.
Most accidents are the result of carelessness or
overconfidence. They can be avoided by just a
little more care and thought in tackling each part
of your job. Be particularly careful in any work

Fig. 5-21

on the roof. Make sure your ladder is on secure
footing. Avoid dangerous positions, especially
when working near the edge of the roof. Place
tools and materials where they will not drop or
endanger yourself or others. Don’t try to handle a
dangerous job alone. If additional help is needed
call your supervisor. Do not try to save time at

Fig. 5-22
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the risk of a broken arm or leg. The customer
would not like the idea of using the living room
as an emergency ward. While you can depend on
your company helping you to get back in shape
again, its no fun nursing a broken *‘wishbone’’
and have your family wishing that you would
learn to be more careful.

9. Don’t blame anyone for the faults that you
may run into. It is always better to correct errors
if you know how, regardless of who made them.
You are a valuable man, if you can do that.

10. Don’t knock competitors. You are trying
to win good will in the work that you do. Knocking
the other fellow, or his product,does not win good
will. Just point out the good points of your pro-
duct and the customer can make his own com-
parisons.

11. Don’'t accepttips. Take pride in your com-
pany and your job. You carry a certain dignity as
a representative of your company. By notaccepting
offered tips you gain the respect and the friend-
ship of your customers.

Fig. 5-23

12. Don’t forget that as a representative of
your company you have a key role in keeping
customers sold on a good product. By keeping
them sold, you help the sale of other products

TELEVISION SERVICING COURSE, LESSON 3

and services, to the benefit of all employees,
including yourself.

INSTRUCTING THE CUSTOMER

5-5.»The records show that it is the little
things that the customer doesn’t quite understand
that make him dissatisfied with his television
receiver, far more than legitimate service troubles.
That is why teaching the customer how to operate
the receiver and explaining the service policy

is such an important part of your installation
job.

Teaching the Customer to Operate the Re-
ceiver.~ In the last section of Lesson 4 we went
through the step by step procedure of teaching
the customer how to operate the television re-
ceiver. Of course, you are keeping all the lessons
of this course handy for quick reference. So look
over that section and pick the points that should
be emphasized.

The points that you should remember when you
are teaching the customer can be summarized as
follows:

1. Be sure that all adjustments have been
made and that the set is working properly.

2. Clean up thoroughly and polish the cabinet
before calling the customer for instruction.

3. It is good psychology not to show a perfect
picture to the customer right at the start. If the
customer sees a picture that looks perfect, and
then in handling the controls the picture goes out
of sync, she immediately thinks that you have
done something wrong. If you start your instruc-
tions with a picture that is out of sync, and then
demonstrate and explain the right way to correct
it, in the customer’s eyes you have proved your-
self to be an expert.

4. Go through the operating procedure step by
step and explain why each step is taken.

5. Have the customer go through the procedure
three or four times to be sure that she knows how
to operate the controls. Be patient, don’t criti-
cize and give advice only to correct an improper
adjustment.
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6. Turn over to the customer the ‘Television
Instructions’’ that go with the set. Make sure
that the customer knows where to find the oper-
ating instructions in this book and how to inter-
pret them correctly.

Explaining Television Interference. — The
principal cause of dissatisfaction with television
reception is external interference which mars re-
ception. In many cases such interference can be
eliminated, but in many more cases there is
nothing that the installation man can do. The
following procedure should help to make this
problem clear to the customer.

1. Tum to the section in the “‘Television
Instructions” which deals with interference
and show pictures of the various types of in-
terference that can spoil the appearance of the
television picture. It is important for the custom-
er to see pictures of such interference in the
book, as troubles that might happen, before she
sees it in her own receiver. Then she can under-
stand more readily that such troubles can be
external and not the fault of the receiver

2. Check the reception of all available
stations in the customer’s presence, and explain
the nature of any interference that shows up. If
such reflections and interference are troubles
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that you have not been able to clear up, explain
why they cannot be eliminated.

3. Naturally, the customer wants the very best
reception that is possible in the neighborhood.
But if there are local conditions that limit the
quality of reception, these conditions must be
carefully explained and clearly understood .

That the customer really appreciates your
efforts in explaining the proper operation of the
receiver and the kinds of interference that might
show up, is shown in such comments as these:

Dear Sir:

A (Name) television receiver was installed in my
apartment last Thursday.

This installation was made by Mr. W______and
Mr. S . After the set had been adjusted and tested,
complete instructions were given me on its operation.

You are to be congratulated on the type of person-
nel you have selected to do this work as they are very
efficient and courteous.

Very truly yours,
Me. H. B

Dear Sirs:

The television receiver recently installed in
our home is the finest instrument we have ever seen,
and we all enjoy the excellent reception aed tone
quality.

There is only one complaint. At a certain time
each night especially on Channel 11, a radio ham inter-
feres with the reception. It’s too bad the FCC can’t
stop this interference.

Sincerely yours,

Mr. J. L

Where it is at all possible to clear up reflec-
tions or interference of course that should be
done. But the customer must understand clearly
just what is involved. Here is an example of a
job well done:

Dear Mr. E

Last month a technician from your office came
to my home and said he was going to check the
interference 1n this vicinity.

After he was through working on this problem he
returned to my home and said he was pleased with the
results. Well, I later carefully checked on Channel 4
for several weeks and was convinced that the inter-
ference was at least 90% eliminated.

Naturally some people to whom [ have spoken still
complain of all sorts of interference, especially on
Channel 11 where they experience very fine lines run-
ning up and down the screen vertically. This may be
something of another nature, but the performance on
Channel 4 is definitely much improved.
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I am well satisfied and personally wish to thank
your Company for their fine efforts in this matter. It's
sure a pleasure now to watch the set without those
black lines.

Thank you,
Mr. I. D

The above case involved tracing the cause of
electrical interference, which turned out to be an
electric sign in the neighborhood. Installation of
a suitable filter at the source resulted in greatly
improved reception in the entire neighborhood. Of
course, such work should not be undertaken with-
out proper authorization by your shop manager.

In each of these cases the customer was
satisfied that the best possible reception for the
particular neighborhood was obtained. Reception
was not perfect, but the limitations had been
clearly explained.

But where the job of instruction and explana-
tion is not done thoroughly, the customer starts
to worry about every reflection and wiggle in the
picture, with a result like this: '

Gentlemen:

The television set that I have at home is won-
derful, the reception is wonderful. The only thing
that I am a licle dissatisfied with, is that [ can’t
get a good picture on Channel 7. [ get a double
image.

The men who installed the set told my wife that
they can’t do anything with it. They also said that
there would be an improvement if we had our antenna
extended, but they want $4.00 per hour per man which
1 don’t think is fair.

Sincerely yours,

Mr. B. M

In this case the cause of the double image
on Channel 7 had not been made clear to the
customer. It is possible that the addition of
another element to the antenna could clear up or
greatly improve Channel 7 reception.

Where there is any question of a time and
material charge the matter should be immediately
referred to the supervisor at the office. A phone
call might straighten it out.

The fact that the customer can be made to
realize that there are limitations to the reception
in certain areas is best illustrated by the follow-
ing letter:

Gentlemen:

I must apologize for not writing this letter sooner,
for if ever anyone deserved prompt commendation for a
job speedily, efficiently and courteously executed,
your organization does.

My family and 1 were very pleased with your
prompt reply to my letter of complaint, and were over-
whelmed with the painstaking and tireless efforts of
your men (who incidently, were forced to work in a
broilinf sun) in doing everything that was humanly
possible in order to give us perfect reception. That
they did not succeed in accomplishing this fact is, we
are convinced, not due to lack of either effort or skill.

We have been convinced that we reside in an area
in which it is impossible to receive Channels 5 and 11
without a ghost, and in which Channel 13 comes in
very poorly. As a.consequence, we will have to make
all allowance for these difficulties and accept them
as_inevitable until we can find housing in some more
suitable location. In any event, please be assured
that your organization has been exonerated ofall blame
in connection with these troubles as far as we are
concerned.

Once again, let me assure you of our deep appreci-
ation of all you have done in order to satisfy us. You
may be certain that if I am asked my recommendation
for the best TV set on the market today, yours will be
my choice. '

Very truly yours,
Mrs. M. F

CUSTOMERS' COMMON QUESTIONS

5-6. In order to find out the kind of questions
that customers commonly ask, a questionnaire
was sent around to servicemen. From the sug-
gestions sent in, the following list of sample
questions and answers has been compiled. You
may find them helpful in answering similar ques-
tions of your customers.

Sample Antenna Questions and Answers

1. Q. Why is my antenna different from my
neighbor’s?

A. The type of antenna we install at any
location is the type that we feel is the
best suited for that particular location.
The antenna that you have is one of our
best. We try to give you the best possible
reception for all the transmitting stations
in yourarea. At some locations it is possi-
ble to favor reception from a particular
station or reduce reflections by adding
extra €lements to the antenna. For each
location we install the antenna that will
work best there.




2. Q.
A.
3. Q.
A.

g Customers’ Common Questions

Am [ more likely to be struck by lightning,
now that [ have an antenna mast on the
roof?

Your mast has been grounded and serves
as a lightning rod, so that you are safer
than before. Your transmission line has a
lightning arrestor installed on it to give
you further protection.

Why is my antenna pointed in a different
direction than that of Mr. Jones on the
next block?

The direction that the antenna points may
vary over a small area. At each location
the antenna is oriented, that is it is turned,
in the direction that results in best overall
reception from all stations in that area.

Sample Lead-in Questions and Answers.

1. Q.
A.
2. Q.
A.
3. G.
A.

Why didn’t you use the black cable (co-
axial cable)? Is it because it costs more?

Not at all. We use the coaxial cable only
where local interference makes it neces-
sary.

Is it alright to touch the lead-in wires?

Normally it is safe. You may even wash
the lead-in wire, if you are careful not to
cut or scratch the wires or the plastic
surrounding or separating them.

What could happen if I did cut or scratch
the wires?

If you cut either of the two wires, your
reception will be impaired.. If the wires
become bare because the insulation nas
been scraped off, corrosion may set in and
make your television picture intermittent.

Sample Receiver Questions and Answers.

1. G
A.
2. Q.
A.

Does the receiver use much power?

The recetver uses a little more power than
a standard broadcast radio receiver. It
uses approximately the same amount of
power as a floor lamp.

How long will the picture tube last?

The life of the picture varies. There is
no exact time limit; some last longer than
others. lowever, as long as you have our

5.
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Q.

Q.

Q.

3-21

Service Contract, you will receive a new
tube in the event of a failure,

Does the Factory Service Contract cover
the other tubes also?

Yes.

Why do [ have so many controls on the
front of my receiver?

You do not have to adjust all the controls
each time you use the receiver. We could
put several of them on the back of your
set. But in order that you may get the best
performance from your receiver, we have
them on the front where you may adjust
them when necessary.

Why should these controls have to be ad-
justed?

Adjustments may have to be made because
of the different signal strengths of differ-
ent stations. Changes may be necessary
at times because of variations in the
temperature and humidity of the air, or the
line voltage at the receiver.

If I don’t move the controls in the order
you just showed me, will it hurt the set?

No. The controls can be operated in any
sequence. [ have shown you the factory
recommended method of operating the con-
trols. This is the easiest way to adjust
your set and usually gets the best results.

Why do I have reflections, but my friend
does not?

Each and every location presents different
reflection conditions.  Our installation
men orient the antenna in a direction to
get as nearly reflection-free pictures as
possible on all channels used. If ana-
lyzed closely, approximately 50% of all
receivers in use today usually do have
reflections in some form. Some are
closely spaced and are not particularly
noticeable, while others are a definite
detriment to the picture. At present there
is no known method of making a good
location out of a poor one.

Why are the pictures dark and the sound
sometimes poor on certain stations?
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9. Q.

10. Q.
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When a station is transmitting a scene from
a motion picture film, frequently the pic-
ture appears dark because the white back-
ground from the film does not come through
clearly. This is particularly true, even on
new films, if they become oily or dirty.
This condition also rcsults in poor or dis-
torted sound. If you wish, you can call
the station to determine whether or not the
televised program was on film.

Can I move the set once it has been in-
stalled in this spot?

Your set can be treated just as you would
treat any other expensive piece of furniture
or large radio console. One thing to keep
in mind, however, is to avoid any heavy
jolting or jarring of the set. This could
damage tubes or upset circuit adjustments.
And don’t forget the limitations due to the
length of the transmission line.

Suppose | want to move it upstairs, down-
stairs or to another room?

Call your Service Company sometime
before you wish to move the set. We
will arrange to move the set for you on a
time-material expense basis.

Sample Questions and Answers about [lazards.

1. Q.
A.
2. Q.
A.

Does the picture tube produce X-rays and
are they dangerous?

This question has been carefully investi-
gated by experts from a number of large-
companies. They testify that direct view
tubes give off no X-rays. Projection tubes
in home sets, which operate on high volt-
ages, give off some soft X-rays, immedi-
ately in front of the tube face. But the
tube is enclosed in a metal barrel which
prevents any rays from getting out of the
receiver. There is no danger from X-rays
in any present day home television re-
ceivers. All new developments are care-
fully checked to see that they do not pre-
sent a hazard to the customer.

Is there danger from the picture tube
breaking?

This is a rare occurrence outside of tube
factories. All necessary precautions are

3. Q.
A.
4. Q.
A.

Tube Size in Inches

taken in installing a picture tube in your
set. We've never heard of any injury in the
home from the breaking or ‘“‘implosion” of
high vacuum picture tubes. But it is still
not a good idea to let junior practice on
the television set with his tool kit. Better
teach him a healthy respect for the set and
the piccure tube, if he wants to keep on
seeing **Howdy Doody”.

Does television produce eye defects or
disease?

This matter, too, has been carefully in-
vestigated by the experts. According to a
survey of authorities made by the Tele-
vision Broadcasters Association, the
general consensus of opinion is that the
only thing you can get from watching tele-
vision is a pair of tired eyes. Just as you
can from reading or watching a movie.

How long can I watch television without
eye fatigue?

The experts agree that it is best not to
watch your television set for more than
three hours of continuous viewing. You
can keep the set on and turn to something
else every once in a while to rest your
eyes.

The following procedure has been recom-
mended to prevent eye strain.

(1) Don’t sit too close to the television
screen. The proper distance depends
on the size of the viewing tube. A
good rule to find the best viewing
distance is to multiply the width of
picture by 10. On this basis the best
distances are approximately as follows:

Viewing Distance in Feet

20" 16’
16)) 13)
12 . 10’
10” 8’

(2) Do not put out the lights when watch-
ing the television screen. The eyes
try to adjust themselves to the level
of the light in the room. When the eye
shifts from the dark to the light of the
television screen, there is” a conflict
which may cause a headache. Always
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’ have some light in the room, but do
not have it shine directly on the face
of the picture tube.

(3) Don’t look at the screen steadily, but
rest the eyes by looking away from the
screen now and then. 2. Q.

(4) Television won’t hurt your eyes; but,
just like the movies, if you watch too A.
long your eyes get tired.

Sample Questions about Service.

' 1. Q. Whom do I call if something goes wrong 3, Q.
with my set?

A. The telephone number of the Service
Company responsible for servicing your

SALES

set is typed on the lower right hand
corner of your Service Contract. Also
it is on the tag attached to the rear of
your receiver,

What happens when my year’s guaranty is
ended?

Approximately two weeks before your
service contract expires you will be noti-
fied and asked if you wish to renew your
contract for another year.

How much will arenewal contract cost me?

The cost varies with the type of instal-
lation, but normally it should be less than
the original fee.

'g
MANUFACTURING \ / ADVERTISING

Emmme— DISTRIBUTOR |

Fig. 5-25
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Leddon 6

I MPORTANCE OF THE ANTENNA

6-1. It was pointed out in previous lessons
that the receiving antenna is a very important
part of the complete television receiving system.
Upon the proper choice, installation, and orien-
tation of the antenna system depends the success
or failure of the television receiver as a means
of reproducing a good picture and good sound.

For example, if you neglect to install an
antenna with reflector when needed, there might
appear on the screen a double or even triple
image. These ghosts spoil the customer’s enjoy-
ment of the picture. A ghost in the picture might
also be caused by incorrect orientation of the
antenna. To cite another example, a television
receiver located in a fringe (weak signal) area
requires an antenna with relatively high gain (a
term that will be explained later in this lesson).
Failure to provide such an antenna may result in
the picture appearing very ‘‘snowy’’. In fact,
there may not be any picture at all because of
insufficient signal at the receiver antenna termi-
nals. In addition to these more obvious results,
troubles such as poor synchronization or the best
sound not tracking with the clearest picture may
be eliminated when a good antenna installation
supplies enough picture signal to the receiver.

In this lesson we shall deal with various
types of antennas, their characteristics and uses.
Specifically, we shall cover the following points:

a. Elementary principles
Bandwidth
c. Directivity
0 d. Gain

Mechanical Characteristics

ELEMENTARY PRINCIPLES

6-2. Generally speaking, any piece of wire
(or other conductor) may be considered as an
antenna. The space surrounding us is filled with

all sorts of electric waves, which are continually
inducing currents in any and all conductors. Thus,
even the steel frame of a building is an antenna —
or a steel bridge or water tower, However, such
objects are not practical antennas for our pur-
pose, and of course it might be a little difficult
to attach our receivers to the nearest suspension
bridge. It is necessary, therefore, to supply with
each receiver (or group of receivers) a local
conductor designed to do a specific job efficient-
ly. Such a conductor must meet very definite re-
quirements. First, it must have the proper elec-
trical characteristics to provide sufficient pickup,
proper frequency response and bandwidth, and
correct directional properties. Secondly, it must
have certain mechanical characteristics. Some of
these are: light weight, strength, rigidity and re-
sistance to corrosion. It should be relatively
simple to mount, and be rotatable through 360°
during preliminary installation.

The transmission line (lead-in) must also meet
rigid standards of design and construction if it is
to prove satisfactory, but this is something we
will discuss in a later lesson.

Electromagnetic Waves. — In Lesson 2 you
read that a high frequency current, which goes
through its cycle of variations millions of times
per second, flows in the dipole transmitting
antenna. This sets up an electromagnetic field
that reverses at the same rate as the current.

Remember that it was explained in Lesson 2,
Sec. 2-5, that the electromagnetic field consists
of two components — an alternating electric field,
and an alternating magnetic field at right angles
to it. We can represent the changes in magni-
tude and direction of either component like this:

moximum

NAVYANY.

minimum
valve

+

tield
strength

Fig. 6-1
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Frequency. — This graph shows how the field
varies with time at any one point in space. The
parts of the curve below the zero line represent
instants of time when the direction of the force
exerted by the field is opposite to that during the
time intervals represented by the parts of the
curve above the zero line. One complete series
of positive and negative values is a cycle. The
field thus reverses its direction twice in each
cycle. The number of complete cycles each
second is the frequency of the signal.

Thus, for a specific signal frequency in
Channel 2, the field would be reversing its di-
rection 112,000,000 times each second. Its fre-
quency would be half this number — 56,000,000

cycles per second, or 56 megacycles per second.

As we mentioned previously, the high fre-
quency electromagnetic field travels outward
through space, from the transmitting antenna, with
a velocity of approximately 186,000 miles per
second or 300,000,000 meters per second. A
meter is 39.37 in., a little more than a yard. The
fieldarrives at the receiving antenna in the formof
waves much as waves of water reach the shore.
Possibly for this reason, the reversing electro-
magnetic field is referred to as radio waves. You
have all seen, at one time or another, waves or
ripples in the water. The shape of the waves or
ripples is such that there is a point of greatest
height (maximum value) followed by a point of
least height (minimum value) and again followed
by another similar point of greatest height,and
so on. This characteristic is also true of electro-
magnetic waves and is shown here:

- to—ano wavelength -—1
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Fig. 6-2

This graph looks at first glance just like
Fig. 6-1. But wheteas Fig. 6-1 showed how the
field varied with time at a particular point in

6-3

space, Fig. 6-2 shows how it varies with dis-
tance at a particular instant of time.

Wavelength. — The distance between any two
adjacent maximum (or minimum) points along the
wave is known as the wavelength. In an electric
wave, wavelength can be measured as the dis-
tance between two points of maximum (or minimum)
voltage. The idea of wavelength is very important
to us, since antennas are usually measured in
terms of wavelength.

Actually the wavelength doesn’t have to be
measured between minimum or maximum points,
but can be taken as the distance between any
two points on the wave that have the same value
and are changing in the same direction. This
corresponds to one cycle of the wave motion.

It is important to note that wavelength depends
upon two other factors already discussed. One
of these is the frequency of the wave, the other
is the velocity of wave travel. To be more
specific, the wavelength is equal to the velocity
divided by the frequency of the wave.

Wavelength = et/
Frequency

The velocity of the radio wave in space is
fixed at 186,000 miles per second or 300,000,000
meters per second. Therefore, wavelength varies
with the quantity that is not fixed, which is fre-
quency. Thus any increase of frequency results
in a decrease of wavelength. A lower frequency
wave has a longer wavelength. Television
signals have very high frequencies, and corre-
spondingly short wavelengths. (Hence the term
“short wave’’) Wavelength is usually measured
in meters. For example, at 60 mc. the wavelength
is 5 meters; at 200 mc. the wavelength is 1.5
meters. Because they are short, wavelengths in
the television band are often specified in feet or
inches. For 60 mc. the wavelength is 15-2/3 ft.,
and the wavelength for 200 mc. is 5 ft.

Measurement of Antennas. — As we said be-
fore, antennas are measured in wavelengths. Thus,
an antenna is said to be 1/2, 3/4, 1, 2, or more
wavelengths long. The exact length in meters
or feet depends on the chosen best frequency,
which is the lowest frequency it is desired to
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receive. (We'll explain later why the antenna
length is determined by the lowest frequency,
rather than some frequency in the middle of the
band.) A dipole antenna, which is the type
generally used in television, is 1/2 wavelength
long at its best frequency. This refers to the
overall length, as shown here.

one - holf wove length

Il

tronsmission line
to receiver

Fig. 6-3

Actually, we should modify that last statement,
and say that the effective length of a dipole is }4
wavelength at its best frequency. The actual
physical length of the antenna is a little less
than %4 wavelength. The difference between actual
length and effective length is due to something
called end effect, which has to do with the way
the electromagnetic field behaves close to the
ends of a physical antenna rod. This is one
reason why, if you try to compute the length of a
dipole from the formula given above for wave-
length in free space, you will come out with a
slightly different answer than you would get by
taking a tape measure and measuring a dipole cut
for some particular frequency.

ANTENNA BANDWIDTH

6-3. One of the problems involved in television
reception is antenna bandwidth. This is the total
frequency spread, in megacycles, to which the
antenna will respond efficiently. For present TV
channels, a television antenna should respond
adequately to a band of frequencies from about
54 megacycles to 216 megacycles. This repre-
sents a total bandwidth of 162 megacycles and
covers television Channels 2 through 13. Actually
the channels run from 54 to 88 mc, and 174 to
216 mc.

We mentioned in Lesson 2 thatadipole antenna
had a certain best frequency at which it provided
the greatest amount of signal for the receiver.

Suppose, then, that we build an antenna to work
most efficiently at 54, mc., (its best frequency).
From what we have said before, it is apparent
that the antenna should also receive signals
efficiently up to 216 mc., or four times the original
best frequency.

It will help you to appreciate the bandwidth
problem if you examine the following simplified
drawing for the response of a dipole antenna:

1 .
]
~ |
3 ]
I
3 .
s |
& |
2 |
S :
3 )
- |
§ [
g i
S I
!

best high frequencies

frequency —_—
Fig. 6-4

You can see by looking at the drawing that the
pickup effectiveness, or response, of the dipole
rises rather sharply to a peak at some frequency
which we have been calling its best frequency.
As we go above this best frequency, the response
drops and levels off. The signal fed to the re-
ceiver at the best frequency is much stronger than
the amount at any other frequency (assuming all
signals are of the same strength at the antenna).

You might think, then, that getting the highest
and sharpest response is the right way to operate
the antenna. Unfortunately, for a television
antenna,this is not the case.

Well then, if we cannot operate just at the
best frequency of the dipole, what can we do? In
Lesson 2, it was mentioned that the dipole is
able to receive relatively well, signals higher
than the best frequency; but the response is very
poor for signals lower than the best frequency.
From examination of Fig. 6-4,we can see that the
dipole response is relatively flat and even, once
we drop down on the high frequency side of best
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frequency. It is true that the response is less
here than at best frequency, but this is of lesser
importance than the fact that the response is
broad and even. This is the portion of the antenna
response curve that we will use.

In order to produce a dipole antenna with such
characteristics, it is necessary that it have a
certain definite length. The length is so pro-
portioned that the best frequency, often called
the resonant frequency, occurs near Channel 2
(54-60 mc.), as shown in Fig. 6-4.

It should be mentioned briefly here that the
impedance of the transmission line also has an
effect on the bandwidth, but this is something to
be discussed in a later lesson. Another factor
affecting bandwidth is the diameter of the dipole.
It so happens that the bandwidth increases with
larger diameter dipoles and this is one of the
reasons for the use of fairly large diameter tubing
rather than thin wire. More about this later.

DIRECTIONAL RESPONSE OF AN ANTENNA

6-4. We previously mentioned that an antenna
had to have the correct directional response for
proper reteption on all channels. Let’s see what
we mean by directional response (or directivity)
of an antenna. A receiving antenna is said to
have directivity when it has greater pickup from
certain directions than from others.

In Lesson 2 we learned that the dipole would
receive signals best when it was broadside to
the transmitting station, and poorest when it was
pointed like a spear-at the transmitting station.
We also saw that if the dipole was pointed at an
angle of about 45° or so to the transmitter it
would receive moderately well. It is apparent
from this, that as we rotate the dipole with re-
spect to the transmitter, the reception will change
from maximum to minimum and back to maximum
as we rotate through 180°, starting in the broad-
side position.

Antenna Pattern. — We are now going to pro-

ceed a bit further along these lines and develop
the idea of the directivity pattern of an antenna.

6-3

We’ll start by considering the directivity pattern
ofa simple dipole, operating at its best frequency,
which is also the frequency of the transmitter.
Later, we'll use this information to show the di-
rectional response of a number of other antenna
types. The directivity pattern enables us to do
this a lot more completely than we could by just
using arrows like those in Figs. 2-19 and 2-20,
of Lesson 2.

Let us imagine that we have a mobile trans-
mitter mounted on a truck. We are going to have
this imaginary truck drive around in a perfect
circle with a radius of, say, 5 miles. At the exact
center of the circle our dipole antenna is perma-
nently mounted and so positioned that the ends
point East and West like this:

North
0; 360°

tronsmitter Iruck

Wes? , 27 90°, Eexr

180°
South

Fig. 6-5

We must assume that we have some means of
measuring the relative amounts of dipole pickup,
such as a special calibrated receiver, or an r-f
voltmeter.

Pickup from 0° to 90°. ~ Now we drive the
truck to the most northerly position,or 0°. We’ll
call this position 0°, and designate other posi-
tions around the circle in terms of the number of
degrees of arc travelled by the truck from this
point, as in Fig. 6-6.

Now we turn the transmitter on and take a
reading of signal voltage delivered by the dipole
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Fig. 6-6

to its terminals. Let us suppose that we get a
reading of a certain number of electrical units —
say 1000 microvolts. (The prefix “'micro’ or the
symbol 1 means one millionth, so that a micro-
volt is one millionth of a volt.) This will be
the maximum amount of pickup possible since
the dipole is broadside to the transmitter. The
electric waves are arriving parallel to the dipole
and so, will induce the maximum currents in it.

In order to plot a graph of directional response,
we draw a circle and mark off 15° angles around
the center. From the center draw an arrow to 0°,
ten length unitslong, corresponding to 1000 micro-
volts, as shown in Fig. 6-6. This represents the
maximum pickup possible. Now let’s drive the
truck in the clockwise direction to the position
on the circle marked 15° (the dipole remains as
before). We now take a reading of signal voltage
from the dipole and find that it has decreased.
The new reading is 950 wv instead of 1000. So
draw an amow in the direction pointing to 15°,
with a length that corresponds to 950 wuv, as
shown in Fig. 6-7. The reading has decreased
because the electric waves are no longer arriving
at the dipole in a parallel position but are now
15° off the parallel position, and therefore the
currents induced in the dipole are less than before.

In a similar manner we proceed with the truck
to 30° and take a reading at the dipole. The pick-
up has decreased still more, to 850 wv, and for
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the same reasons we just discussed. An amow
of corresponding length is drawn towards 30°.
When the truck is at 45° the reading is 700 uv;
at 60° the reading is 500 wv; at 75° the read-
ing is 350 uv and at 90° (East) the reading is
very small, or is only about S0 uv. As indicated
in Fig. 6-7, arrows whose lengths are proportional
to these readings are drawn in this polardiagram,

27o0°

/
180°

Fig. 6-7

The reason the reading at 9° is so small is
that the electric waves are now arriving perpendi-
cular to the dipole, and induce practically no
currents at all in it. This is the direction of
minimum pickup. If the dipole were infinitely
thin, the pickup at 90° would theoretically be
zero. But since a physical dipole has some thick-
ness, there will be some small pickup from this
direction of minimum response, which is called
a null.

We can now join the ends of all the lines with
a smooth curve, and this gives us one-fourth (be-
tween 0° and 90°) of the complete directivity
pattern shown in Fig. 6-8.

Pickup Between 90° and 180° - Let’s move
another 15° around the circle to 105°. Instead of
decreasing further, we find that the pickup has
now actually increased and is the same value as
it was at 75°. As we move further to 120° we get
another increase to 500 uv which is the same as
the reading at 60°. At 135° the reading is 700 uv
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(same as 45°); at 150° the reading is 850 uv
(same as 309); at 165° the reading is 950 wuv
(sameas 15°); and at 180° the reading is 1000 uv,
which is the maximum pickup and the same value
asat 0° Thus it is apparent that the pickup of
the dipole is a maximum when the waves are
arriving broadside to the antenna from either the
front or back.

Pickup From 180° to 360°. - If we complete
the trip around through 270° and to 360° in steps
of 15© each, we will find that we will trace out an
exact duplication of the first 180°. This com-
pletes our dipole directivity pattern, which we
can now fill in thus:

Fig. 6-8

The individual lengths of the various lines
indicate the relative pickup of the dipole from
the directions indicated. We assume that the
pickup voltage of the antenna changes continu-
ously as the truck drives from point to point
around the circle. So instead of drawing lines,
we can just draw the curve, knowing that if we
wanted a line representing the antenna signal
voltage developed by waves from any particular
direction, its end would lie on the curve.

We can see that the maximum pickup occurs
when the dipole is broadside to the transmitting
station (either front or back), just as we showed
in Lesson 2. Also, minimum pickup occurs when
the dipole is pointed like a spear at the trans-
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mitting station. But our complete directivity
pattern now tells us exactly how muck pickup we
can expect from any other direction.

Dipole Response at Higher Frequencies. - We
must now point out a very important fact. This
exact pattern holds true ‘only when the dipole is
receiving signals at or near its resonant (best)
frequency. As the signal frequency received by
the antenna is increased, the pattern shape
changes. For example, at Channel 6 (82-88 mc),
the response of a dipole cut for Channel 2 (54-60
mc) looks something like this:

Fig. 6-9

You will notice that the direction of maximum
reception is no longer exactly broadside but has
shifted to the side. At this channel there is a
reduction of pickup in the broadside direction.
This is generally not too serious and still pro-
vides good reception. However, when we go to
the high frequency channels (174-216 mc) a very
radical change in directivity occurs as shown
in Fig. 6-10 on the next page.

As you can see, what were once two sections
(or lobes, as they are customarily called) are now
split into four. What before was the direction of
maximum pickup (broadside), now becomes a
direction of minimum pickup. For high frequency
channels, therefore, signals arriving broadside
to an antenna cut for the low frequency channels
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Fig. 6-10

will be received poorly, compared to low fre-
quency channels in the same direction.

One solution for improving the pickup at the
high frequency channels, when using an antenna
cut for the low channels,would be to rotate the
antenna about 45° with respect to the trans-
mitting station. Increased pickup at the high
frequency channels would now occur, but with a re-
duction of pickup at the low frequency channels.
If you refer back to Fig. 6-8,you will see that the
pickup at 45° is only 700 units compared to a
maximum of 1000 units at 0°, which is a reduction
of 30%. Under some conditions this may actually
be a satisfactory solution, but not in all cases.
More about this problem later in the lesson.

Antenna Polarization. ~ It was previously
mentioned (in Lesson 2) that there is something
about the antenna and the radio wave called
polarization, and that in television, horizontal
polarization is the type used. The direction of
polarization refers to the plane of the electric
field in the radio wave, and is the same as the
physical position of the transmitting antenna. All
television transmitters use antennas whose ele-
ments lie principally in the horizontal plane and
transmit a horizontally polarized electric wave,

To be most effective, television receiving
antennas should also be horizontally polarized
to receive the horizontally polarizedradio wave —

that is, they should be erected parallel to the
earth’s surface. The preceeding discussion of di-
pole directivity was based on the premise that the
receiving antenna was horizontally polarized.

At television frequencies, horizontal polar-
ization is preferred because noise (static) inter-
ference is reduced and the possible distance of
transmission and reception is somewhat greater.
Other advantages are the ease of getting correct
directional response, better mechanical design,
and better electrical balance to ground.

You should remember that the directional
characteristics we have been discussing apply
only to a simple dipole, without any additional
elements. The addition of any such elements
will modify the directional pattern,depending upon
the particular arrangement. We will discuss this
in following sections -of this lesson. Also, it is
important to remember how the directivity pattern
of a simple dipole changes from the low to the
high frequency channels.

ANTENNA GAIN

6-5. In many cases a simple dipole is suf-
ficient to provide enough signal for good re-
ception, but in some antenna installations, more
than just a simple dipole is necessary. For
example, receivers located in ftinge areas usually
require a complex antenna to put more signal into
the receiver than a dipole alone could provide. A
simple dipole, under such conditions, would pro-
vide such a weak signal that the picture would
be very ‘‘snowy’’. The easiest way to improve
the picture quality under such conditions is to
increase the so-called gain of the antenna.

What is gain? Well, basically gain is the
amount by whick some specific antenna is more
effective in delivering signal to the transmission
line. than a simple dipole. For instance, if a com-
plex antenna delivers twice as much signal as a
simple dipole (from the direction of maximum pick-
up), we say it has a gain of two. If it delivers
three times as much signal, it has a gain of three,
and so on.

To take another example, suppose that our
simple dipole of Fig. 6-6 is receiving a signal
from the North, the direction of maximum pickup,
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and provides 1000 microvolts at the receiver
terminals.  We replace it with a more complex
antenna and orient it so its direction of best
pickup is also to the North. Now suppose we
measure the pickup of the new antenna from the
North and find it to be 2,500 microvolts at the
receiver terminals. The gain of the new antenna
is 2.5 over the simple dipole.

How do we get an antenna to have more gain?
Well, the simplest method is to place another
metal rod bekind the dipole and in the same
plane. This rod is called a reflector. Another
method is to place one dipole above another.
This is referred to as stacking of dipoles. We
might add a warning here that you cannot mount
the additional antenna elements any old way, but
must have the correct spacing between elements
to obtain the desired results. There are various
other possibilities, and we will discuss a number
ofthese and their characteristics in later sections
of the lesson. Changing the gain of an antenna
also has an effect on its bandwidth.

Effect of Frequency. — Gain is affected by
the frequency the antenna is receiving, For in-
stance, an antenna that hasa gain of 3 for Channel
2, may have a gain of only 2 for Channel 6, If
Channels 2 and 6 were the only ones in the area,
and if Channel 6 was normally received much
weaker, it might be desirable to use an antenna
with maximum gain at Channel 6. This is not
standard practice, but may be necessary if all
else fails. In such a case, it is true that we are
favoring the weaker station at the expense of the
stronger one,but the chances are that the stronger
one can still deliver a satisfactory signal to the
receiver.

Noise. — Gain may also be a very important
factor if che area in which the receiver is located
is subject to severe electrical interference. Such
interference does not particularly disturb the
sound reception because the sound is received by
an FM system which is less sensitive to such
interference. It does, howevet, cause disturb-
ances in the picture that are very annoying. The
effects of such disturbances may sometimes be
greatly reduced by providing an antenna with
relatively high gain. This generally increases
the signal pickup more than the interference pick-
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up and permits the signal to override the interfer-
ence to a greater degree. We often speak of this
effect by saying that we now have a greater
signal-to-noise ratio.

We have given just a general discussion here
of what antenna gain is and why we often need
it. This will be applied to specific antenna types
as we take them up one at a time.

MECHANICAL CHARACTERISTICS.

6-6. All ctelevision antennas designed for
outdoor installation must meet certain minimum
requirements of mechanical design. It is not
enough just to hang any old piece of wire or rod
up on the roof in a haphazard manner.

There are several basic requirements which
every outdoor television antenna must meet.
These are:

1. It must be so mounted that there is no reasonable
chance that it will fall.

It must possess reasonable mechanical strength.

- It must possess reasonable mechanical rigidity.
It must be resistant to corrosion.

MO W N

The elements must not crystallize and break due to
wind vibration,

&

It must be easy to assemble and mount.
It must be reasonable in cost.

~

8. The structure should be reasonable in size and
weight, and present a good appearance.

We shall discuss each of these points and see
what the various requirements are.

Mounting. — All outdoor antennas are subject
to strain from vibration, as well as wind and ice
loading. Also, birds perch on antennas — and
near the seashore this becomes an appreciable
problem, for seagulls are no lightweights; as
birds go. It is essential that whatever the mount-
ing involved, it be capable not only of supporting
the dead weight of the antenna, but also of re-
sisting all the various other strains and vibrations
that may occur. The mounting must be highly
resistant to corrosion and mechanical failure to
prevent the possibility of its breaking and per-
mitting the antenna to fall. If this should happen,
it not only means additional time, labor, and
money in replacing the antenna, but might also
result in serious personal injury to anyone in the
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immediate vicinity. In addition, the reputations
of installation crews and of the company would
certainly suffer. Specific types of mountings and
their problems will be discussed in detail in
Lesson 7 and 8.

Mechanical Strength and Rigidity. — There are
several points to be considered here:

a. Wind pressures
b. Ice loading
c. Vibration of elements

d. Vibration of cross arm

It is possible, in many areas of the country, to
experience occasional wind volocities ranging all
the way up to possibly 85 or 100 miles per hour.
While such high winds are not common, they do
occur often enough to make it imperative that the
television antenna does not fail under such strain.
While it might not be reasonable to design all
antennas to withstand constant velocities of 100
miles per hour, the antenna should certainly be
capable of withstanding winds in the order of 75
to 80 miles per hour, occasionally, without failure.

Not only is it imperative that the antenna does
not fail completely under these circumstances,
but also that the elements do not bend appreci-
ably. Any considerable bending will cause a
change in antenna characteristics. Also, it would
get a little monotonous to have to climb up on the
roof to straighten the antenna after every wind-
storm. Excessive and continuous bending will of
course eventually result in breaking the elements.

Ice Loading. — One of the strains to which the
antenna is subjected is that due to the formation
of ice. An accumulation of ice over a period of
time may cause bending due to the weight of the
ice. In addition to this, the ice formation in-
creases the effective diameter of the antenna and
makes it more subject to wind effects. That is,
an antenna that could stand winds of say 75 miles
per hour without any ice, might fail in the same
wind if it were loaded with enough ice.

In general, outdoor antennas are designed to
withstand about 1/2 inch of hard ice loading with-
out bending or failure of the elements.

~ Vibration of Elements. — The dipole antenna
for the low frequency channels is about 8 ft. long,
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each of the two rods being about 4 ft. They are
supported only at the center, leaving about 4 feet
on each side of the support hanging free. Since
the elements have a diameter of 3/8 inch,it is not
hard to see that they could sway or vibrate when
exposed to winds. Any such excessive vibration
might have two major objectionable effects. First,
there is the possibility of causing interference in
the picture. It has been proven that a vibration
of only a few inches at the outer ends of the
antenna will cause objectionable changes in pic-
ture size and intensity. Secondly, antenna vibra-
tion may cause crystallization of the antenna
elements, which will eventually result in break-
age. In general, antenna elements made of solid
rods are not suitable because they tend to vibrate
too much. More suitable elements are constructed
of simple hollow tubing, or a combination of solid
and hollow tubing.

Vibration of Cross Arm. — A type of vibration
that may occur in the cross arm is known as
torsional (twisting) vibration. The antenna ele-
ments are mounted on a piece called the cross
arm. In some winds the elements will tend to
rock and in turn will tend to twist the cross arm.
If the cross arm is not sufficiently rigid, a rock-
ing motion will be set up. Such a rocking motion,
if excessive, will cause changes in the picture
similar to that caused by element vibration. The
cross arm should be suitably constructed so asto
limit torsional vibration to a very small amount.

Corrosion. — An antenna, to be efficient, must
be a good conductor of electricity. If it is not, a
lot of the signal may be lost in overcoming the
antenna resistance. It is interesting to note that
at the high frequencies in television, the cutrents
flow upon the outer surface of the antenna element
only and not through its cross section. (This is
called “‘skin effect’) As a result, it is impera-
tive that the outer surface be maintained smooth,
clean, and free of corrosion. Any corrosion form-
ing on the antenna surface will *‘eat up”’ some of
the received signal and reduce the picture strength
at the receiver. Cotrosion may al: form around
the connecting terminals to the transmission line
and thus further reduce the signal to the receiver.
To prevent this form of corrosion, antenna ele-
ments may be constructed of such materials as
Dural, or corrosion proofed steel. All terminals
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and bolts must also be constructed of corrosion
proof metals.

Crystallization. — We have all at one time or
another, taken a piece of wire or other metal and
broken it by bending it back and forth a number of
times. The metal will withstand just so many
bends, -after which it becomes very stiff and
suddenly snaps. The metal is said to have be-
come crystallized, or fatigued, due to bending,
and this crystallization is the ‘cause for the
sudden breakage. Antenna elements are subject
to considerable bending due to the effects of wind
and must therefore be constructed of suirable
metals to prevent early crystallization and break-
age. Such metals as Dural and steel appear to
have great resistance to crystallization.

THE DIPOLE ANTENNA

6-7. Of all the various antenna types, the
dipole is the simplest. It consists merely of two
rods mounted on a suitable cross arm support, as
shown here:

Fig. 6-11

The overall length of the low-band dipole
from end to end is such that its best frequency is
approximately at Channel 2, as previously stated.

Dipole Assembly. — There are various ways in
which the antenna may be assembled. For ex-
ample, the rods could be thrust through holes in
a wooden cross arm and secured with washers
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and nuts. Another possibility would be to have
the dipole and cross arm all assembled, but
normally folded up for transport. When ready for
use, the assembly could be opened up like an
umbrella and secured by wing nuts, locking bolts
or other means. The latter method greatly reduces
assembly time of the antenna but poses some
serious problems in providing proper mechanical
characteristics, such as resistance to ice loading
and wind pressure.

In any event, the transmission line is always
fastened to the ends of the rods secured by the
cross arm. The connections must be good electri-
cally and mechanically, and made with corrosion
proof materials.

Dipole Bandwidth. — Of all the various an-
tenna types we shall discuss, the dipole has a
bandwidth characteristic that is superior to most
other types. It will cover all of the low frequency
channels (2 to 6)satisfactorily if cut to Channel
2. There will be a reduction of signal strength
at Channel 6 with respect to Channel 2,but this
is usually not too serious. It is possible to cover
all of the high frequency channels (7 to 13) pro-
perly with the low-band dipole, cut for Channel 2,
by orienting the antenna at an angle about 45°
away from the broadside direction. The reason
why this is necessary is that the dipole’s di-
rectional response curve breaks up into four
separate lobes for the high channels, as shown
in Fig. 6-10.

The bandwidth characteristics of the dipole
will be better at the high frequency channels, be-
cause the channel bandwidth, relative to the low-
est frequency in the band, is less for the high
band channels than for the low channels.

To illustrate this point, we note that the low
channels range from 54 mc to 88 mc. The differ-
ence between the two frequencies is 34, the width
of the band in megacycles. Now if we divide the
width of the band by its lower frequency limit (34
divided by 54), we get an answer of 0.625. This
is the relative width of the low band — 62.5% of
the lowest frequency to be received.

To compare this with the high band, 174 mc
to 216 mc, we subtract 174 from 216 to get 42 mc.,
the width of the band. Dividing 42 by 174, we get
0.24, showing that the relative width of the high
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band in only 24% of its lowest frequency.

This bit of arithmetic shows why it is easier
to get an antenna to cover the high band than the
low, since the bandwidth characteristics of an
antenna depend more on the relative bandwidth
to be received, than on the absolute bandwidth in
megacycles.

Directional Characteristics. — The directional
characteristics of a dipole have been thoroughly
discussed in Section 6-4 of this lesson. The
essential features of the dipole’s directivity
pattem are:

1. It receives the most signal at or near its best fre-
quency from directions broadside to the antenna,
both front and back.

2. For higher frequencies, the direction of best re-
sponse shifts toward the antenna. The response of
a low band dipole for the high frequency channels
breaks up into four lobes at angles of about 450

trom the broadside direction.

Dipole Gain. — From our discussion in a pre-
ceeding section in this lesson we leamed that a
resonant dipole was the standard upon which the
gain of other antennas is based. We cannot say
therefore, that a dipole has any gain, since the
maximum would be a gain of one. At frequencies
other than its best frequency, the dipole gain is
less than one.

Summary of Dipole Characteristics. — While a
dipole is the simplest antenna, it has limited use.
First of all, it has no gain. In general, it can
seldom be used at distances greater than about 15
miles from the transmitter. However, this dis-
tance may-vary with the local terrain and no flat
statement can be made to cover all cases.  An-
other limitation is to be found in the shape of its
directional response pattem. As previously dis-
cussed, the dipole receives equally well from
either the front or rear, In many instances, this
characteristic of receiving signals from the front
and back results in multiple path reception that
produces a ghost in the picture. We'll go into
this in a little more detail as soon as we explain
another type of dipole antenna.

The Folded Dipole. — The folded dipole is
illustrated in Fig. 6-12.

The overall physical length is approximately
one-half wavelength at the resonant frequency.
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Fig. 6-12

(It is slightly shorter than the theoretical length,
due to end effect.) This antenna is called a
folded dipole because it is almost two dipole
lengths folded back upon itself. The spacing be-
tween the two rods is always a very small part of
a wavelength, and may be 14 to 3 inches. Of
course, for the parallel wire folded dipole this
spacing is only 0.3 inches, the width of the line.

The folded dipole can be constructed from a
piece of twin lead transmission line to serve
as a convenient indoor antenna. Just cut a length
of transmission line a little shorter than a half-
wave, short the ends and open one conductor at
the center for the connection to the receiver. The
antenna is shown in Fig. 6-13.

The amount of pickup from a folded dipole is
about the same as from a simple dipole of the
same overall length. When used with 300-ohm
transmission line the bandwidth is somewhat
poorer than that of a simple dipole.

An important characteristic of the folded di-
pole is that it has a characteristic impedance of
300 ohms. Parallel wire transmission line also
has a characteristic impedance of 300 ohms. With
the 300 ohm line connected to the 300 ohm folded
dipole, we have a higher voltage delivered to the
receiver than would be the case with a simple
dipole.

This characteristic makes the folded dipole a
good antenna in fringe areas where only one
station is to be received, or to boost the response
for one particularly weak station. But because of
the relatively narrow bandwidth of the folded di-
pole as compared with the simple dipole, and the
fact that it picks up no more signal than the
simple dipole, the folded dipole is not the answer
to all fringe area problems.

The directional response is the same as for
the simple dipole previously described. It re-
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ceives equally well from front and back aend,
therefore, is subject to ghost interference due to
reflections from the rear.

Multiple Path Reflections, ~ A way in which
the dipole antenna can receive a picture signal
over two different paths is shown here:
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In this figure we can see that it is possible
for the receiving antenna to pick up the signal
from the front and rear of the antenna. This in
itself is not as serious as the fact that the
signal being received from the rear is traveling a
longer distance (A to B to C) than the direct
signal (A to C). The signal that bounces off the
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building and is returned to the antenna from the
rear, arrives later than the direct signal because
of the increased distance. This will cause a
second picture to appear on the screen, whi¢h is
displaced to the right of the original picture,
producing a ghost image.

The amount by which the second picture is
displaced to the right increases as the distance
A to B to C becomes greater than the distance
from A to C. However, if the distanceis onlyabout
50 feet more than the distance A to C, the amount
of displacement of the ghost will be very slight
and will not show up as a separate picture at all.
But this may cause a loss of fine detail in the
picture, or distorted sound.

Any such ghost in the picture will prove
extremely annoying to the viewer. In order to
reduce it, we must provide an antenna that can
discriminate against reception from the rear. A
simple dipole cannot do this and, therefore, will
prove unsatisfactory under such conditions.

A dipole is useful only fairly close to the
transmitter and only in the absence of reflections.
At locations approximately midway between two
stations on the same or adjacent channels, there
will be an additional problem of interference be-
cause the dipole receives equally well from the
front or back.

D IPOLE WITH REFLECTOR

6-8. According to our earlier discussion, the
dipole has two major shortcomings in gain and
directivity. In orderto improve the characteristics
of the antenna in these respects it is possible to
add another element called a reflector. Addition
of the reflector will increase the gain of the
antenna, and improve its directional properties.
It also has an effect upon the bandwidth,

Assembly. — This assembly consists of a
standard dipole antenna as previously described,
a reflector rod slightly longer than the dipole,
and a cross arm which must be longer than that
used with the dipole alone. There are no electri-
cal connections made to the reflector, the custom-
ary transmission line connections being made to
‘the dipole. The reflector rod may actually be in
sections but joined electrically at the center so
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as to act as one continuous rod. A sketch of this
assembly is shown here:

reflector

N

Fig. 6-15

You can see that the reflector is mounted
behind the dipole and parallel to it. The spacing
between the dipole and reflector is usually a
little less than half the length of the dipole. The
reason for this spacing will be discussed later.
As in the case of the simple dipole, the unit may
be made of separate rods assembled with washers,
nuts and bolts upon a separate cross arm, or it
may be made up as a folded compact unit, which
just has to be opened up and locked into place
by wing nuts or bolts.

Directional Response. ~ The addition of the
reflector has a pronounced effect upon the di-
rectional response of the dipole, as illustrated
in Fig. 6-16.

Pickup from the front is increased at the same
time that pickup from the rear is decreased. The
directional pattem is also narrowed, as can be
seen in the figure. This means that it is now
more able to discriminate against signals that do
not arrive broadside to the antenna. The fact
that pickup from the rear and the sides is con-
siderably decreased is of great assistance in
reducing the effects of reflected signals coming
in from these directions. Such signals, as you
know, may cause ghosts.

The reason for this new directional response
is the addition of the reflector, and we shall now

try to see in a simplified way how this comes
about.

As you can see in the sketch Fig. 6-15, the
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reflector is placed to the rear of the dipole with
respect to the transmitting station. Waves arriving
from the transmitter will first come to the dipole.
Here they will induce cutrents in the dipole and
send a signal down the transmission line to the
receiver. However, when currents flow in the
dipole they cause it to act as a secondary trans-
mitter, and it also radiates waves of its own.
These new radiated waves travel to the reflector
(and in other directions) and induce currents in
the-reflector, in addition to the currents induced
in it by the transmitter. So now, the reflector too
acts as another transmitter, radiating waves of
its own back to the dipole (as well as in other
directions). If thelength of the reflector is correct
and its spacing from the antenna dipole is proper,
the waves coming back to the dipote from the re-
flector will be such that they will aid the original
signal coming to the dipole from the transmitter.
The result is that a stronger signal will be sent
to the receiver than if a dipole were used alone
without a reflector, since energy which would
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otherwise have been wasted by radiation is used
to produce more signal in the antenna.

There 1s another point to consider in the im-
proved pickup from the front. Some of the waves
arriving from the transmitter miss the dipole
entirely but manage to reach the reflector. Such
waves also induce currents in the reflector of
such nature that the reflector againradiates waves
back to the dipole and further reinforces the
signal going to the receiver. Thus the total di-
pole pickup is considerably improved from the
front.

Now consider what happens to waves arriving
from the rear. These will of course strike the
reflector first, and the dipole second. When the
waves strike the reflector, currents are -induced
in it and the reflector radiates waves to the di-
pole. These radiated waves arrive at the dipole
at the same time that reflected waves from the
rear which do not intercept the reflector also
arrive at the dipole. These two sets of waves
amrive in such fashion that they tend to cancel
each other at the dipole, thereby reducing the
total pickup from the rear. The pickup from the
rearis not cancelled out completely but may often
be reduced to such a value as to make its effects
negligible in the receiver.

Front to Back Ratio. — It is useful, when dis-
cussing complex antennas such as this one, to
speak of the so-called front to back ratio. This
ratio is simply an indication of how much more
effective the antenna system is in receiving
signals from the front than from the back. For
example, suppose that in a certain location the
signal amives at the antenna with equal strength
from both the front and rear. Let us further
suppose that the antenna operates soas to deliver
twice as much signal to the receiver from front-
ward signals as from rearward signals. We would
then state that this antenna has a front-to-back
ratio of two to one. This, incidentally, is about
the ratio to be expected in the dipole and re-
flector combination we are discussing, near its
resonant frequency.

Bandwidth., — The bandwidth of a dipole and
reflector is determined to a large extent by the
spacing between the two elements. In general,
the closer the spacing, the less the bandwidth.
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If the spacing is made too close,the bandwidth
may be seriously restricted. In television an-
tennas, a spacing in the order of one-quarter
wavelength is used.  This has a negligible effect
on the bandwidth of the antenna. With this
spacing, the bandwidth of a dipole and reflector
compares favorably with that of a simple dipole
alone.

Gain. — A dipole and reflector has a gain over
a simple dipole. The exact amount of gain is a
function of the spacing between dipole and re-
flector. The closer the spacing (within limits),
the greater the gain. However, as we said before,
closer spacings reduce the bandwidth and a com-
promise must be reached between bandwidth and
gain. With the usual spacings in television an-
tennas, the actual gain varies for different
channels. For example,on Channel 3, we might
get a gain in pickup of about 1.6, providing 60%
more signal than a dipole, while at Channel 6 the
gain might be only 1.25. In general, the gain is
good over all channels and the performance is
superior to that of a dipole alone.

When to Use. ~ The dipole and reflector has
two distinct advantages over the simple dipole:

1. Improved directivity (front-to-back ratio),
2. Improved gain.

Both of these advantages suggest the possi-
bilities for the use of a dipole and reflector an-
tenna. [t can be used at greater distances from
the transmitter than the simple dipole. For
average roof top elevations, satisfactory reception
may be had at distances up to about 25 miles.
For higher antenna elevations, greater distances
may be obtained.

The rejection of rearward arriving signals
makes it possible to reduce ghost reception in
many cases, thus improving the quality of re-
ception.

In general, we may say that the dipole and
reflector has improved directivity and gain
characteristics over a simple dipole. However,
the assembly still has one rather serious dis-
advantage of the dipole. That is, at the high fre-
quency channels, the pattern splits up into
multiple parts instead of only two. For example,
at Channel 7 it looks like this:
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Fig. 6-17

And at Channel 11 it looks like this:
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These changes in directivity pattern make it
very difficult to receive all of the channels from
a given direction with acceptable signal strength.

HIGH FREQUENCY ANTENNA ATTACHMENTS

6-9. We have just seen that the addition of a
reflector gives us gain and improved directional
response. However, the reflector does not cure
the splitting up of the antenna pattern. We havea
means of preventing this pattern splitting, by the
addition to the dipole of so called loading wings.
Adding a high frequency reflector to the low-band
antenna is another method of improving its re-
sponse for the high channels.

Wings. — The assembly of the dipole with
loading wingsis identical to the original assembly
of the dipole except for the addition of the wings.
Each of these wings consists of two rods, ar-
ranged to form a *'V”’, and fastened to the dipole
proper. There are two wings for each dipole as
shown here:

Fig. 6-19

The ''V’s’ are constructed of 3/16th inch
rods, each about 16 inches long, fastened together
at one end and clamped to the dipole. The
clamped end is fastened to the dipole at a point
about 9 inches from the cross arm. (These di-
mensions are for one particular antenna, and may
vary somewhat for other types.)

Loading wings are very useful when the high-
band and low-band stations are in the same di-
rection. Before the development of the wings, it
was often necessary in a case like this either to
use a separate high-frequency antenna, or to re-
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orient the low-frequency dipole. The latter
expedient, of course, improved the high channel
reception onlyat the expense ofthe low-frequency
channels.

Addition of the wings causes a change in the
antenna currents at high frequencies so that the
directional pattern of the antenna does not split
at the high channels, but remains substantially
as a single front lobe and a single back lobe,as
shown in Fig. 6-20.
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Fig. 6-20

Thus the direction of best pickup remains
broadside to the antenna for all channels. This
makes it possible to use a single antenna system
on all channels with good results up to 25 — 30
miles from the transmitter. The antenna is
simply oriented broadside to the general direction
of the transmitting stations desired, all stations
being received in this one orientation.

The low frequency channel response is un-
affected by the addition of wings. All other
characteristics, such as gain, front-to-back ratio
and bandwidth remain substantially the same as
without wings.
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Fig. 6-21

A dipole with wings may be used in combi-
nation with a low-frequency reflector, as pre-
viously described. This is shown in Fig. 6-21.
The action of the reflector remains as before on
the low channels. For the high band channels,
however, the antenna operates as a simple dipole,
because the low frequency reflector does not have
the correct spacing for a good front-to-back ratio
at the high frequencies.  The pattern does not
split up on the high channels, however, thereby
simplifying orientation and improving the ef-
fectiveness of the antenna system.

High Frequency Reflector. — The high fre-
quency reflector consists of a rod about 33 inches
long mounted approximately 14 inches behind the
dipole. (These dimensions may vary somewhat
with different antennas.) The assembly looks
like this:

Fig. 6-22
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We can see from the figure that the high fre-
quency reflector is used in conjunction with a
low frequency reflector, the action and character-
istics of which we previously described. The
high frequency reflector has no electrical con-
nection to either the dipole or the low frequency
reflector but receives its energy due to the in-
duced currents in it.

The addition of the high frequency reflector
has no effect upon the operation of the antenna
assembly at the low channels. It does, however,
provide slightly more gain on the high channels
than can be obtained with a low frequency re-
flector. In addition, an improved front-to-back
ratio at the high channels is obtained. This
ratio, using the high frequency reflector, is about
2 to 1 as compared to about a 1 to 1 ratio at the
high channels without the use of the high fre-
quency reflector. This means that when using a
dipole and low frequency reflector alone,there is
practically no discrimination at the high channels
against receiving signals from the rear. This of
course may result in ghosts.

The addition of a high frequency reflector
greatly reduces reception from the rear on the
high band channels and reduces the possibility
of ghosts. It should therefore be used whenever
there is a probability of such ghost reception.
The increased gain at high channels also indi-
cates that it may be used in areas where the high
channel signal strength is somewhat lower than
might be desired.

High Frequency Folded Dipole and Reflector. —
In certain areas,where only high band television
channels are broadcasting, it is possible to use a
high frequency folded dipole with folded reflector.
In practice, this antenna is simply the top section
of the high-low combination shown in Fig. 6-23.
The performance of this antenna on the high band
channels is very similar to that of the low fre-
quency dipole and reflector operating for low
band channels, as previously explained.

The reflector used with the high frequency
folded dipole is also.folded,as can be seen in
Fig. 6-23. The reason for using a folded reflector
is that it provides greater mechanical rigidity for
a given diameter rod. The electrical character-
istics of a folded reflector are about the same as
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for a single rod reflector. The folded reflector
will be slightly shorter due to increased end
effect, On some antennas the folded dipole is
29 inches long, the folded teflector is 314 inches
long and the spacing between the two is about
13 inches. These dimensions may vary with
different types.

HIGH-LOW ANTENNA COMBINATION

6-10. In the preceeding section,we discussed
the advantages of adding high frequency wings and
high frequency reflectors. The reason for doing
this is to improve the high frequency response of
the antenna in regard to gain and directional re-
sponse. As we noted, the average maximum
distance from the transmitter for the previously
discussed antennas is about 25 to 30 miles. This
distance is limited to a greater extent by the high
channel reception (because the higher frequencies
become weaker before the lower frequencies) than
by low channel reception. Therefore, if we could
increase the gain of the antenna system on the
high channels, without worrying too much at the
moment about the low channels, the maximum
usable distance of the antenna could be some-
what increased.

Another problem may exist which we have not
heretofore discussed. That is the possibility
of the high frequency stations in some areas
being situated in a radically different di-
rection from the low channel stations. This
situationrequires the use of the so called “'piggy-
back” arrangement which permits one portion of
the antenna to be oriented independently of the
other portion. Another advantage of separate
orientation is the possibility of minimizing ghosts
due to reflections.

The high-low antenna illustrated in Fig. 6-23
fulfills both of the above requirements by provid-
ing: (1) increased gain at the high channels and
(2) independent orientation for high and low fre-
quency channels.

Assembly of the High-Low Combination. -
The assembly consists of three basic units:

1. A low frequency dipole and reflector identical to
that previously described.

2. A high frequency folded dipole and reflector.

:
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3. A so called “*phasing harness’ or antenna coupler,
to connect the two antennas to one transmission
line.

T~—

T

Fig. 6-23

A close up view of the assembly is shown in
Fig. 6-24, on the following page.

The high frequency folded dipole and reflector
is located at the top of the mast. The low fre-
quency dipole and reflector is situated about 33
inches lower. Both antennas can be individually
oriented, and then fastened, in any desired di-
rection.

The Phasing Harness. — The phasing harness
is made up of three sections of transmission line
and a junction terminal block (or splice). The
three sections consist of 12 inch, 37% inch and
12Y4 inch lengths, as shown in the close-up view
of the combination.

The high frequency folded dipole is connected
to the junction block (or splice) by the 12 inch
section. The low frequency dipolé is connected
to the junction block (or splice) by the 37/ inch
section. The 12! inch section is also connected
to the low frequency dipole at one end, but the
other end of this section does not connect to
anything. The reason for this is to prevent high
channel stations from affecting the low frequency
antenna. The phasing harness makes it possible
to connect both antennas (high and low frequency)
to a single transmission line, so that each acts
independently, without interfering with the other.

Directional Response of the High-Low An-

- tenna. — The directional response at the low fre-
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quency channels is basically the same as that of
the low frequency dipole and reflector. This has
been discussed in a preceeding section. The
directional response at the high frequency
channels is very similar to that of the dipole and
reflector with wings and high frequency reflector,
as previously discussed. However, the directivity
pattern of the high-low antenna at the high
channels is somewhat sharper than the preceeding
antennas, and this makes the orientation of the
high frequency section somewhat more critical
than before.

Gain of the High-Low Combination. — The gain
of the antenna system at the low channels is
about the same as that of the low frequency dipole
and reflector. This has already been discussed.
Actually there is a slight loss of gain due to the
effects of the high frequency section, but this is
very small and of little or no consequence.

On the high frequency channels, the pick-up
of the high-low antennas is considerably greater
than that of the previously discussed antennas.
The exact gain varies somewhat with frequency,
but on the average, the pick-up at high channels
is about 1.8 times that of the low frequency di-
pole and reflector with wings and high frequency

reflector, The bandwidth is about the same.

When to Use the High-Low Combination. — The
greater gain at high frequency channels makes it
possible to use the high-low antennas at greater
distances than previously discussed, types. The
individual orientation of the two sections indi-
cates its use under conditions when the high fre-
quency stations are in a different direction from
the low frequency stations. This individual
orientation also makes it possible to reduce the
effect of ghosts due to reflections, provided that
such reflections do not arrive from the same di-
rection as the direct wave from the transmitter. If
this is the case, there is little, if anything, that
can be done to remove the ghost,except to tear
down the building causing the reflection. Fig.
6-25 shows why such ghosts cannot be elimi-
nated easily.

We can see from this illustration that if the
reflecting object is in the same direction as the
transmitter, the reflected signal will arrive at the
receiver at almost the same angle as the direct
signal. If this is the case, it is improbable that
any amount of antenna orientation will remove the.
ghost.
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STACKED ARRAYS

6-11. In the case of the antennas we have
been discussing, the average maximum usable
distance from the transmitter is 30 to possibly
40 miles, depending upon the terrain and the
height of both the transmitting and receiving an-
tennas. Beyond this range,or in areas of weak
signal due to unusual terrain, an antenna with
greater gain than normal is needed to supply
sufficient signal to the receiver,

This added gain is usually obtained by the
use of stacked arrays. The term “‘stacked’
means simply that the antenna elements are
mounted one above the other. The term “‘array”
refers to a combination of antennas or antenna
elements so arranged that they act in conjunction
with each other — not independently, as in the
case of the high-low antenna previously de-
scribed. The elements are so chosen and spaced
that they reinforce each other for certain fre-
quencies and from certain directions, in the de-
sired manner.

Stacked Amphenol Antenna. — One of the
antenna arrays used in installations for fringe

area reception is the Stacked Amphenol. This
antenna gives good results by providing high
gain, proper bandwidth, and good front-to-back
ratio on all channels.

Assembly. ~ A single unit Amphenol antenna
is shown in Fig. 6-26 (a) and the double unit
stacked array is shown in Fig, 6-26 (b).

Fig. 6-26 (a)
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Fig. 6-26 (b)

Let us examine Fig. 6-26 (a) first. Here we
can see that the antenna consists of three ele-
ments: (1) a short high-channel folded dipole
about 29 inches in length, in front; (2) a longer
low-channel folded dipele, about 79 inches long,
and mounted about 14 inches back of the high
band element; and (3) at the extreme rear, a still
longer low-channel reflector, about 110 inches in
length, located about 39 inches behind the low-
channel folded dipole. The stacked array con-
sists of two of these units, one above the other,
as shown in Fig. 6-26 (b). In addition,a suitable
phasing harness is provided to connect the folded
dipoles together and to a single common trans-
mission line. As far as we are concerned, we
only use the Amphenol in the stacked form as an
antenna for fringe areas.

Directional Response. — In general, the di-
rectional response is somewhat sharper than that
of the antennas previously discussed. This calls
for much more critical orientation for best signal.
The sharpness of the pattern remains about the
same for all channels. The pattern for Channel 2
is shown in Fig. 6-27.

We can easily see from this pattern the sharp-
ness of the directional response and the good
front-to-back ratio at this channel. The front-to-
back ratio here is a little better than 3 to 1. The
general shape of the pattern and the front-to-back
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ratio remains substantially constant on all chan-
nels, although the gain varies somewhat.

Gain. — The gain is comparable with that of a
low frequency dipole and reflector with wings and
high frequency reflector. On the low frequency
channels, the gain of the Amphenol is about 1.6,
the same as that of a low frequency dipole with
reflector. The Amphenol is slightly inferior at
Channel 5. However, the gain of the Amphenol
antenna is considerably better on the high fre-
quency channels, as compared with the dipole
with wings and low and high frequency reflectors.
The exact amount differs for the various channels
and a few comparisons are as follows: OnChannel
7 the gain is a little better than 2. On Channel 11
the gain is better than 4, and on Channel 13 the
gain drops again to a little better than 2. This
increased gain at the high channels is particu-
larly important, because as we mentioned, the
high channel signals are usually weaker than the
low channel signals.

Bandwidth. — The bandwjdth at the low chan-
nels is similar to that of the low frequency dipole
with reflector and wings and high frequency re-
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flector, and is adequate to cover these channels
properly. At the high channels, the bandwidth is
superior, the response being much more even,
thus providing excellent reception at the high
channels.

When to Use. — From what we have said, it is
obvious that the stacked Amphenol has excellent
response at the high channels. Since these
channels become weaker at shorter distances from
the transmitter than the low channels, we can use
this antenna at somewhat greater distances from
the transmitter than any of the antennas previously
discussed. The sharp directional partern should
be of assistance in reducing the effects of ghosts
due to building reflections.

However, if the stations are not all in the
same general direction, some will not be picked
up. The two sections cannot be individually
oriented and another type of antenna, such as the
high-low combination, is indicated for use under
such conditions.

Stacked Telrex. — Another type of stacked
antenna available is the Telrex antenna. This is
also a good antenna to use in weak signal areas
because of its excellent response on both high
and low bands.

Assembly. -~ Fig. 6-28a, front view, and Fig.
6-28b, top view, of a single conical dipole and
reflector unit are shown first for clarity.

Fig. 6-28 (a)
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From the front view, we can see that instead
of a single rod, each half of the dipole consist
of two rods which are joined at the center to form
a V. The two halves of the dipole are insulated
from each other (but not the reflectors), and trans-
mission line connections are made at the center,
as shown. Each rod is about 45 inches long. The
two halves of the dipole do not run in the same
vertical plane, but form an angle of about 1249
as shown in the top view. The reflector does not
have such a bend, but is straight across.

Fig. 6-29
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The complete stacked array is shown in Fig.
6-29 on the preceeding page.

It is seen to consist of two dipoles stacked
one above the other at a distance of about 43
inches.  Each reflector is located about 51
inches behind its dipole. A phasing hamess
connects the two dipoles to the transmissionline.
The reflectors are not electrically connected to
anything.

Directional Response. — The directional
pattern of the stacked Telrex is very similar to
that of the stacked Amphenol, both as to shape
and front-to-back ratio on most channels. How-
ever, splitting of the directional pattern does
occur to some extent on the very high channels,
but this usually is not too serious. The pattern
for Channel 11 is like this:

345° — /5

Fig. 6-30

You will note that even with the splitting of
the pattern, the main lobe is still in the forward
direction and the front-to-back ratio is still better
than 2 to 1. Thus,the reception is relatively un-

affected.
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Gain. - In general, the gain of the stacked
Telrex is superior to that of the stacked Am-
phenol. Exceptions to this occur at Channels 2
and 13. The most noticeable reduction occurs at
Channel 13, where the gain of the Amphenol is
nearly twice as good as that of the Telrex. On all
other channels, the Telrex gain exceeds that of
the Amphenol by amounts varying from about 1.6
to over 3.

Bandwidth. — On the low channels,the band-
width is similar to that of the Amphenol and pro-
vides good coverage. On the high channels, the re-
sponse around Channel 13 falls rather badly and
we might suspect that if Channel 13 is coming in
weak at a particular location, this response may
prove detrimental to reception.  Aside from
Channel 13, however, the bandwidth is sufficient-
ly broad to cover all channels properly.

When to Use. — In general, the stacked Telrex
provides superior gain to all other types,except
for Channel 13.

In areas where Channel 13 does not transmit,
this is not a problem, and the Telrex can be used
at still greater distances than the Amphenol an-
tenna. However, if it is necessary to favor
Channel 13 over the other high frequency channels,
then the Amphenol would be preferable.

The Telrex also has the same disadvantage as
the Amphenol in that the individual sections can-
not be separately oriented, as can the high-low
antenna.

I NDOOR ANTENNAS

6-12. It is not always possible, or even
desirable, to erect any sort of roof antenna. This
may be due to difficulty in obtaining the land-
lord’s permission. Or it may be desired to set up
a portable receiver, or a demonstration receiver.
In such cases, some form of indoor antenna must

be used.

Several types are available, including the
internal antennas now being built into the cabinets
of most TV receivers. Since this is perhaps the
simplest type, we shall discuss it first.
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Built-in Antenna. — Built-in antennas are now
furnished with many television receivers except
those with metal cabinets.

One of the common types of built-in antenna is
made of a length of parallel wire transmission
line 70 inches long and connected as a folded
dipole. The lead-in from the folded dipole will
consist of a length of twin lead line, either 15
or 30 inches long.

The different lengths will be used in different
models, depending upon the mechanical layout
of the receiver. In receivers using wooden cab-
inets, the part of the antenna with the lead-in
is tacked on the underside of the top back center
of the cabinet. When the tacking is done, care
is taken not to short the two antenna leads. The
two ends of the antenna are then run along the
underside to the sides, along the sides and down
the inside front of the cabinet. A typical in-
stallation is shown here:
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In the case of receivers using metal cabinets,
the built-in antenna cannot be installed inside of
the cabinet due to its shielding effect. In this
case, the antenna is built into the wooden stands
made for these sets. An illustration showing the
installation in the stand is showa in Fig. 6-32.

As we see in the drawing, the center of the
antenna (folded dipole) is located at the middle
of the cross brace arm and is marked *“*A”’. The
lead-in follows line A-B-C. One end of the an-
tenna follows the line A-D-E-F, andthe other end
follows line A-G-H-I. The legs are slotted to
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accommodate the line so that it is practically
invisible from any normal viewing angle.

When to Use the Internal Antenna. — The built-
in antenna is being installed in receivers on the
assumption that there may be some locations in
which it will give satisfactory performance. It
should be realized that such an antenna is defi-
nitely inferior to all outdoor antennas. As a
matter of fact, a tag may be attached to the
lead-in of the built-in antenna which definitely
states that there is no guaranty that it will
work. The customer may try it out, and possibly
shift the set around a bit to improve reception.
However, if it does not prove satisfactory, an-
other type of antenna must be used.

V-Type Indoor Antennas. — An indoor an-
tenna more efficient than the built-in type is
a portable V Antenna, such as the one shown in

Fig. 633.

You can see that this antenna consists of a
base upon which are mounted two telescoping
rods. Each rod consists of three telescoping
sections, the largest (at the bottom) section be-
ing 7/32 inch in diameter. The length can be
varied from a minimum of about 26 inches to a
maximum of about 45 inches. The rods are con-
structed of chrome plated brass. Each rod re-
presents one half of a dipole.
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Fig. 6-33

The rods are mounted on a swivel base which
permits swinging them through all angles from
vertical to horizontal.

The base is about 5 inches in diameter and is
constructed of high gloss Tenite in a chocolate
marble design. The rod swivels are spring
(cushion) ‘mounted into the base to reduce the
possibility of breakage due to pressure of mount-
ing and swiveling.

The transmission line connects to each rod
swivel through the bottom of the base where it is
soldered to the terminals. A 5 foot length of 300
ohm line is provided with spade terminals to
connect to the receiver. The line is brought out
of the base through a slot at one side.

When to Use. — The V-type antenna may prove
satisfactory when a roof antenna cannot be
erected, and when a built-in antenna is not satis-
factory. In strong signal areas, the indoor V
antenna may provide good reception even though
an outdoor installation is feasible. Under these
conditions, the decision between the indoor and
outdoor antenna must be made in accordance with
the considerations outlined in Lesson 3.

The V-type indoor antenna is usually-placed

on top of the television cabinet where it may be
rotated, swiveled up and down and lengthened or
shortened to provide best reception for a given
channel.

The lengih, angle and orientation of the an-
tenna may have to be changed for different
channels, and a difference of location of a few
feet may sometimes increase the receiver signal
appreciably.

While this antenna is considered to be superior
to a built-in antenna, it can only work satis-
factorily in areas of relatively high signal
strengths. It offers practically no immunity to
ghost reception except by rotation, which might
at the same time reduce the desired signal to a
low level. In general, then, while this antenna is
superior to a built-in type, it is definitely inferior
to most outdoor types.

Window Antennas. — Another type of antenna
sometimes used is one that is not strictly an in-
door antenna, since it is usually mounted outside
a window. But its principal application is in in-
stallations where a roof or other outdoor instal-
lation is not feasible, so it is included here for
convenience, under the heading of '‘Indoor An-
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tennas”. One type of window antenna is called
the Gyro-Tenna.

Gyro-Tenna. — This is a combination high and
low frequency antenna which is generally mounted
on a window frame on the outside of the house.
A typical installation looks like this:

s
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and rotated to practically any conceivable posi-
tion. This assists in getting the best reception
under limited conditions.
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