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PREFACE

T is our feeling that while television embraces
many new techniques, nothing is so complicated
in television that makes it beyond the capabilities

and comprehension of the members of the service
industry.

In line with this thought, we give in this “How It
Works” explanations of the operation of television
receivers such as are on today’s market. A man must
know more than the contents of this book, which 1s
merely a stepping-stone, for no textbook can be hoped
to convey everything at once. This book will develop
a familiarity with television — practice will develop
more — other texts will add still more knowledge —
attendance at a school will e of great benefit — past
experience on regular broadcast receivers is a corner-
stone on which to build — in short, it is a combination
of many things that will imake a competent television
technician.

One thing is vital: while an individual may ac-
knowledge that he does not know sufficient at the
moment to service a television receiver, he should not
develop a fear of what is in such a receiver. It is hoped
that the contents of this book will tend to expose what
is in a television set so as to show that making the
effort to learn will develop the necessary capability.

Foremost in a man’s mind should be the fact that
unlike a radio receiver which does not have a visual
indicator, the picture tube in a television receiver is a
guide post toward the very many defects which may
be found in a receiver and will tend to lead the man
having the necessary power of interpretation, toward
the cause of the faults.

We have incorporated in this book the theoretical
principles upon which the various circuits of a tele-
vision receiver are based, for only if a man has a grasp
of this underlying theory can he hope to become a
competent technician. As theory and practice must go

hand-in-hand, we have used as typical examples those
circuits or components that are in actual reccivers, not
forgetting those which might be called unusual. Thus
if the reader will digest the contents of these pages,
he will find himself with a widened viewpoint that
will be valuable in his advancement toward becoming
a better all-around television technician,

The opening chapter presents an over-all picture of
television, for it was felt the reader should at least
have a nodding acquaintance with the manner in
which the subject is televised, how the image is built
up in the camera tube, how the video and sound sig-
nals are transmitted, and then picked up, separated
and reproduced in the receiver. The next chapter deals
with the television channels and the characteristics of
the video signal ; operating bandwidth characteristics,
and the carrier and intermediate frequencies. The
third chapter discusses antennas designed for the re-
ception of television signals, how they should be ori-
ented and how they should be installed. The next
cight chapters cover the receiver proper, the titles
heing the r-f amplifier, oscillator, and converter ; the
sound channel; the video i-f system and detector;
video amplifier and d-c¢ restorer ; sync circuits ; sweep
circuits ; the picture tube, and finally the power sup-
plies. The final chapter contains practical discussions
of test mstruments, signal generators, etc., used in the
alignment and maintenance of receivers, alignment
procedures, and trouble-shooting suggestions.

We wish to express our gratitude to the many
manufacturers who cooperated with us in supplying
technical data and descriptions of their products. Also
we wish to thank the members of the staff of John F.
Rider Publisher who assisted in the preparation and
writing of this book and whose names appear at the
heads of the chapters.

Joux F. RipEr



CHAPTER 1
GENERAL ASPECTS OF THE TELEVISION SYSTEM

By WirLriam Boule

No coMMENTS can be made on recent advances in
the radio art without recognizing that after many
years of development, televiston has finally reached
the stage where servicemen can no longer afford
to ignore its existence. In most parts of the country
television is already an accomplished fact, thousands
of receivers have been sold and installed, and all
signs point toward the gradual expansion of tele-
viston facilities into sections which do not have cov-
erage at the present time.

Recognizing, then, that the radio serviceman’s
job is being extended to include not only radio serv-
icing as we know it today, but also the servicing of
television receivers, this section explaining the fun-
damentals of television is being offered in the belief
that it will be of help to many of you in dealing
with the problems introduced by television. Through-
out you will find that it is written from the view-
point of the man who is called upon to install and
service television receivers; and yet, although there
is this emphasis on the practical aspects of tele-
vision, you will find that an essential amount of
theory is included. Lest any of you feel that this
inclusion of what might be called “theoretical” ma-
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terial 1s unnecessary, it should be pointed out that
television is an extremely complicated subject, much
more so than is radio, and that television receivers
cannot be serviced effictently by any one who does
not understand the principles underlying the opera-
tion of the system. The different situations which
can arise are so numerous that it is impossible to
list them, to explain the reasons for each, and in the
case of faulty operation to locate the source of the
trouble. As in radio servicing, so it is in television
servicing : a thorough understanding of the funda-
mental principles of operation is invaluable.
Fortunately for the radio serviceman, the advent
of television does not mean that an entirely new
field must be learned. The more you study tele-
vision, the more you will come to realize that tele-
vision embodies every principle that has ever been
used in radio- and more besides. You will marvel
at the ingenuity of television engineers in using the
time-proved principles of radio, in adapting these
to the needs of television, and in discovering new
principles and new techniques wherever the avail-
able ones were inadequate. Thus, for example, you
will find the simple diode rectifier being used in
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Fig. 1-1.—Part (A) shows an a-m sound transmission system and (B) shows a television transmission system. In the tele-
vision system the photoelectric tube replaces the microphone and the light reproducer replaces the speaker.
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clipping circuits, in d-c restoring circuits, in video
detector circuits, and in many other applications. If
you understand how the diode rectifier operates,
then you will recognize in each one of these “new”
circuits an old friend. True, it will take some time
before you become familiar with the need for these
circuits and the specific modifications to achieve
certain results, still you will be amply repaid for
the effort in the new opportunities which television
offers to the trained serviceman and technician.

Comparison with Sound Broadcasting

Just as it is the problem of radio broadcasting to
recreate sound at places distant from the actual
sound, so it is the problem of television to recreate
a scene at places distant from the original scene.
In the case of amplitude modulated (a-m) sound
broadcasting, as Fig. 1-1 (A) shows, sound vibra-
tions produced by, let us say, a tuning fork, are pick-
ed up by a microphone which converts these vibra-
tions into corresponding electrical vibrations. This
electrical signal, which now carries an electrical
image of the sound vibrations, is amplified, used to
modulate the carrier; the radio wave is radiated,
picked up by the receiver, amplified, detected; and
finally, as you know, the electrical impulses (similar
in shape to those which were originally produced
by the microphone) are used to actuate the speaker
which in turn recreates the original sound.

Fig. 1-1(B) shows that a system very similar to
this is used in television and that in general a very
close resemblance exists between sound broadcast-
ing and television. To simplify the explanation at
the present time, we assume that only a very small
part or element of a scene is being televised. For
example, we might allow the light from a neon tube
operated from the 60-cycle power line to fall on a
small piece of ground glass. The illumination on the
ground glass would change from dark through va-
rious shades of brightness and back again to dark,
and repeat this cycle 120 times per second. (Note
that the rate is 120 cycles because both positive and
negative cycles cause the neon tube to illuminate
the screen.) In the same way that sound broad-
casting uses a microphone to convert the sound pres-
sure variations into electrical variations, so the heart
of any television broadcasting system is the “fele-
vision camera”’ which converts the time variations
in illumination of the scene into corresponding elec-
trical variations. In the simple illustration we have
chosen, because only a single small area is being
televised, an ordinary photoelectric cell can serve
as the television camera.

Once the varying light values have been changed
into corresponding electrical values by the television
camera, the process of transmitting the information
follows exactly the same procedure as in the case
of sound broadcasting. Note that the carrier is
modulated in the same way, and that it remains
stationary in amplitude during the period before the
screen is illuminated. Once the neon tube is turned
on and illuminates the screen, the amplitude of the
carrier varies in proportion to the amount of illum-
ination. Note that the maximum amplitude of the
carrier corresponds to a black image, and that the
image gets progressively lighter as the amplitude of
the carrier is decreased. This is called negative
modulation about which we shall have a great deal
more to say later on.

For the present, the important thing to note is the
similarity between the two systems, the one for
transmitting information on light values, and the
other for transmitting information on sound values.
At the output of the television receiver, we of
course have an important change. Whereas the out-
put of the sound receiver is a speaker which con-
verts the electrical impulses into corresponding
sound impulses, the output of the television re-
ceiver 1s a “picture tube” or other device which
converts the electrical impulses into corresponding
light values.

We see then, that the a-m sound system and the
television system are identical with the exception
that the television camera is substituted for the
microphone and the picture tube for the loudspeak-
er. We might also mention here that in the RCA
television system, the trade-mark name “Iconoscope”
is used for the television camera tube and the trade-
mark name “Kinescope” is used for the picture tube.
As will be explained in detail later on, the Icono-
scope consists of a very large number of minute
photoelectric cells which create an electrical picture
of the scene being televised, while the Kinescope
consists of a cathode-ray tube, on the screen of
which is built up a visible image.

Scanning

No doubt you have noticed by this time that in
comparing television with 1 1 sound broadcasting
we limited ourselves to televising the simplest type
of object, one which was uniformly illuminated over
its entire area. We then showed that the two systems
are identical provided that the television camera
replaces the microphone and the picture tube re-
places the loudspeaker. Unfortunately, however,
television is not as simple as this or television would
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have “arrived” many years ago. In television, we
are confronted with the problem of conveying in-
formation on the light value not at one point but
at every point over the complete area of the scene
being televised. Thus, the scene must be broken up
into a great many elements or elemental areas and
information on the light values over each one of
these elements must be conveyed to the receiver
and finally to the picture tube. And not only must
this information be conveyed, but it must be reas-
sembled in the correct order at the receiver and the
corresponding light value reproduced for every one
of the many elements into which the image has been
broken down.

As a matter of fact, this prqcess of breaking
down a picture into a great number of elements is
nothing new but is as old and as fundamental as the
process of seeing itself. For, in viewing a scene, the
image is carried to the brain by the eye over a huge
network of transmission lines which tells the brain
the intensity and the color of the light at every
point in the field of vision. Because the number of
elements into which the retina of the eye breaks
down the scene 1s so great, we are not conscious
that the picture is made up in this way but receive
the impression that the picture is perfectly blended
or continuous.

Some of you will be surprised to know that even
photographs are made up of elementary particles
even though they too appear to be continuous upon
casual inspection. Actually the light and dark parts
of a photograph are the result of the presence of
black particles of silver which vary in number over
the area of the picture. Where the picture is dark,
these particles of silver are more numerous than
where the picture is light. Because these particles
are so small they are not ordinarily visible. We
might note in passing that where photographs are
to be enlarged appreciably so-called fine-grain film
and special developers are used so that the individ-
ual grains or particles will not become visible.

Number of Elements Required

It 1s important for an understanding of television
to appreciate how the number of particles or areas
into which a picture i1s broken up affects the type
and quality of the reproduction which is obtained.
As we should expect from the preceding discussion,
the quality of the picture will be improved as the
number of elements is increased. In order to com-
pare the effect of breaking up a picture into a vary-
ing number of elements, let us consider the two
reproductions shown in Fig. 1-2(A) and Fig. 1-2

Fig. 1-2.—Halftone reproduction of a photograph using a
screen of 50 dots to the inch is shown in (A), at left. The
greater detail in (B), at right, was obtained by the use of
a screen of 100 dots to the inch.

Courtesy Westinghouse

(B). These are reproductions of the same photo-
graph, the only difference being the number of
elements into which the picture is divided. If you
examine these figures closely, you will see that they
are composed of a large number of black dots of
different sizes, and that Fig. 1-2(B) contains a
larger number of dots than Fig. 1-2(A). In print-
ing as well as in the processes of seeing and photo-
graphy, it is necessary for the picture to be broken
down into a series of small areas before it can be
printed. The engraver in making his halftone, places
a fine mesh screen in front of his camera so that
the image is broken down into a series of dots, the
actual size of any one dot depending upon the
amount of light on the area which the dot repre-
sents. Where the picture is dark, the size of the
corresponding dot is large, and where the image is
light the size of the black dot is correspondingly
small. The number of dots into which Fig. 1-2(A)
is broken down is 50 per inch, while Fig. 1-2(B)
is broken down into 100 per inch.

The great improvement effected by breaking down
the picture into a larger number of dots or elements
is clearly apparent in the superiority of Fig. 1-2(B)
over Fig. 1-2(A). Because of the larger number of
elements, the former presents more detail, appears
finer, better blended and more continuous than the
picture with the fewer number of elements.

The actual number of elements into which a pic-
ture must be divided depends upon several factors:
the fineness of detail which it is desired to repro-
duce, the distance from which the picture is viewed,
and the size of the picture. Fineness of detail, as
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we have seen, requires a large number of elements
for a given portion of a scene. In addition, the more
closely the picture is viewed, the smaller must be
the individual elements. This is necessary so that
the individual elements will appear to the eye to
merge into smooth lines and shades. If a picture of
a given scene is enlarged, either the total number
of elements must be increased, or the picture must
be viewed from a greater distance. Figs. 1-2(A) and
1-2(B) illustrate the first two factors, fineness of
detail and viewing distance. Fig. 1-3 which shows
Iig. 1-2(B) enlarged to twice its original size,
illustrates the third factor. I'ig. 1-2(B) contains 100
dots per inch; Fig. 1-3 contains only 50 dots per
inch. Each contains the same fotal number of ele-

f %8 q’ -

Fig. 1-3—The same detail as in Fig. 1-2(B) can be ob-
tained by viewing this enlargement from twice the distance.
Courtesy Westinghouse

ments, therefore the fineness of detail is the same in
each. Because I'ig. 1-3 has larger dots, it must be
viewed from a greater distance. This consideration
is important in television, since the total number of
lines into which the scene is divided is the same at
all times. Therefore, large pictures should be viewed

from a greater distance than small ones to get the
same effect.

An idea of the number of elements needed to re-
produce fine details can be obtained from Fig. 1-2
(B). This has 100 dots or “elements” per inch in
an area 1.5 by 2 inches, giving 150 X 200 = 30,000
total elements, or 10,000 elements per square inch.
Television pictures may Dbe considered to contain
about 367,500 elements, regardless of picture size.
Although this does not work out to be so great a
number per square inch on large picture-tube
screens, the fact that the scene is usually in motion
compensates for some loss of detail. A point to re-
member about television is that increasing the num-
ber of elements increases the frequency bandwidth
which must be transmitted. Thus there are technical
and economic limitations to the degree of detail
that may be provided.

We can now begin to appreciate the complexity
of the problem with which television is confronted.
For not only must information on the light value
of each one of many thousands of elements be trans-
mitted to the receiver, but also information as to the
order or sequence in which these light values must
be assembled to form the picture. To make the prob-
lem even more complex, all this information must
be transmitted in approximately 1/30th of a second
in order to prevent blurring due to movement in the
scene and in order to make way for the next picture
impression or “frame.” In this respect the problem
of television is more difficult than that of facsimile,
since in the latter a still picture is transmitted and
the time consumed may be ten minutes or more in-
stead of 1/30th second.

Need for Scanning

By this time we have seen that to make television
possible, the picture must be broken down into a
large number of elements and information trans-
mitted on the light value at each one of the ele-
ments. At the receiver this information is reassem-
bled in the proper space relationship to form the
original picture. How to transmit this information
is the next problem.

Previously we saw that using a conventional a-m
system of radio we could transmit information on
the light value at any one element of a scene by using
a photoelectric cell pickup to convert the light value
to an electrical value, and that this process was es-
sentially the same as that of sound broadcasting and
involved essentially the same transmitting and re-
ceiving equipment. This was shown and explained
in I'ig. 1-1. The first thought that arises is this:
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Why not use individual channels of the type shown
in Fig. 1-1(B) to transmit information on the light
values at each one of the points into which the pic-
ture is divided? But then, this would require some
100,000 individual pickups and transmission systems
each of which would be similar to the system of
Fig. 1-1(B) Obviously such a system would be far
too complex and expensive to be practicable, even
if other problems of great difficulty at the receiving
end did not exist.

A more promising solution, which is used in all
television systems today, works on the basic idea
of transmitting information on the light value of
one element at a time. In this way the picture is
covered or ‘‘scanned” in a systematic way until
finally the image is said to be completely scanned
when information on the light values at every point
in the picture has been obtained. The need for more
than one channel is thus avoided. However, the in-
formation must still be reassembled in the proper
order at the receiving end before the picture can be
obtained.

Scanning a scene is sometimes compared with the
manner in which we read a printed page. For in-
stance as you read this page your eyes start at the
upper left-hand corner of the page and successively
sweep to the right-hand side while examining every
letter on the line; when the first line has been com-
pleted the eye snaps over rapidly to the left-hand
side, jumps down one line, and in the same way,
examines every letter on the second line as it prog-
resses at a uniform rate toward the right. This pro-
cedure continues until finally the eye reaches the
last letter on the lower right-hand side of the page,

RECE/IVER

/IMAGE
TEREEE

AREA NOT
YET SCANNED

Fig. 1-4—Tle photoelectric tube scans
the checkerboard pattern in the order indi-
cated by the numbers. The pattern is re-
produced at the receiver by means of a
spotlight, the motion of which 1s syn-
chronized with the photoelectric tube and
the intensity of which varies in accord-
ance with the amount of light reflected
from the square being scanned.
at which time we can consider that the whole page
has been scanned.

This same procedure is used when a television
camera scans a scene which is to be televised. The
only difference is that the television camera breaks
down the scene into finer elements than the letters
of a page and that the camera produces electrical
impulses which vary in proportion to the amount
of light on each elenient of the scene being scanned.

The following simple example will help to clarify
the fundamental principles and requirements in-
volved in scanning. Suppose we wish to reproduce
by television the pattern shown at the left of lig.
1-4. Let us assume in this example that a television
camera (consisting essentially of a photoelectric cell
with the proper lens equipment) is available which
can be focused so as to pick off the light values on
any one of the squares into which the picture has
been divided. Let us also assume that we have a
mechanical arrangement for moving the camera
both horizontally and vertically so that it will scan
the object. That is, it is possible to tart with the
camera focused on element 1 and to move.it at a
uniform rate across the screen until it reaches ele-
ment 6. At this point the camera snaps back rapidly
to element 7 at the beginning of the second line and
moves at a uniform rate along the second line until
it reaches element 12. The camera then returns very
rapidly to the left and starting at element 13 on line
3 it scans the third line. In this manner the pro-
cedure continues until the entire pattern is scanned.
Note that at any one instant the camera receives
light only from the particular element at which it
is aimed and focused and produces an electrical im-
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pulse which is proportional to the amount of light
reflected by this element.

So much for the scanning at the transmitting end
where the picture is being televised. At the receiv-
ing end let us assume that we have a projector
which projects a narrow pencil of light on the screen
equal in area to one of the square elements. This
projector like the camera can be moved horizontally
and vertically so that the light can be focused on
any part of the screen. Suppose further that the
electrical impulses from the television camera are
fed to the projector and arranged to control the
intensity of the light emitted by the projector in
accordance with the amount of light registered by
the camera at any particular instant.

Under these conditions before a picture can be
obtained at the receiver, the motion of the camera
at the scene being televised and the motion of the
projector at the receiver must be properly coordina-
ted or “synchronized.” This means that the televi-
ston camera and the projector must go through the
same movements together, that the projector must
at all times be focused on exactly the same element
in the picture as that on which the camera is fo-
cused. In the figure we have assumed a sort of
mechanical linkage between the camera and the pro-
jector to accomplish this; actually no such mechani-
cal linkage is possible in television and we shall see
later that electrical synchronizing pulses are used
to control the camera at the transmitting end and
the projector (or picture tube) at the receiver, so
that both the scene being televised and the image
which is being reproduced at the receiver are
scanned in unison—so that the scanning is syn-
chronized.

In the picture shown, the image has been scanned
only as far as element 13; element 14 is about to
be scanned. As a result the image at the receiver is
totally dark beyond this point since the lower ele-
ments have not yet been scanned and hence have
not yet been illuminated. We shall explain later on
that the observer sees the complete image at one
time even though only one element of it is receiving
light at any particular instant. This is because the
entire scanning process is repeated some thirty or
more times a second, and the eye tends to see the
image after it is no longer illuminated.

We can now summarize the requirements which
must be met before a scene can be transmitted by
television :

1. The scene must be systematically scanned by
the television camera which interprets the light
values at every element of the scene in terms of
corresponding electrical values.

2. The image must be scanned at the recetving
end according to the same systematic plan used by
the television camera and the intensity of the light
emitted by the light source in tracing the image
must vary at every instant in accordance with the
amount of light which the camera is recetving at
that instant.

3. At every instant the camera and the light trac-
ing the image must be synchronized so that the
identical portion of the image is being traced out
which corresponds to the element of area being
scanned by the camera.

4. This scanning procedure or process must be
completed over and over again at a rate of at least
30 times per second so that as far as can be deter-
mined by the eye a continuous image of the scene
is formed.

THE CAMERA AND PICTURE TUBES

We have already seen that a complete television
system, like a complete broadcasting system, re-
quires a pickup at the transmitter and a reproducer
at the receiver, and that the pickup is a photoelectric
tube and the reproducer is a cathode-ray tube simi-
lar to those used in oscilloscopes. To avoid con-
fusion of trade names let us call the pickup a
“camera tube” (it “takes” the television picture)
and the reproducer a “picture tube” (it reproduces
the picture). Since we want to get a good general
idea of how a television system works, we shall
consider both these tubes here, although the service-
man in the field will naturally come in contact with
only the picture tube.

The Picture Tube

Essentially the television picture tube is similar
to the familiar cathode-ray oscilloscope tube, so that
those who have read Rider’s “The Cathode-Ray
Tube at Work” will have a good basis for under-

Fig. 1-5—A Kinescope (picture tube) with a 12-inch
screen.
Courtesy RCA
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Fig. 1-6—The different elements of a picture tube are

shown in (A) with typical operating voltages. (B) shows
a common schematic representation of this tube; K is
the cathode, G the modulation grid, $ the screen grid,

F the focusing anode, and A the second anode.

standing television picture tubes. For those who
have not we will review the subject here.

Let us assume that television (video) signals are
coming into a receiver; as we have said before, the
amplitude of these signals is proportional to the
light reflected by the object being televised. We
want to use these signals to produce a picture. In
sound work we know that the signals can be made
to move the diaphragm of a loudspeaker, thus pro-
ducing sound waves similar to the original. The pic-
ture tube, then, must be capable of converting the
electrical video signals into light to produce a pic-
ture. It is a property of certain substances called
fluorescent materials that they will glow when they
are struck by a beam of electrons, and the more
electrons striking such a substance at a given in-
stant, the brighter will be the glow. A picture tube,
then, can be made if we have a source of electrons,
means for controlling their motion and their quan-
tity, and a fluorescent screen.

The external appearance of a typical picture tube
is shown by the photograph, TFig. 1-5. This is a
glass vacuum cabe specially shaped to withstand the
high pressure exerted by the surrounding air, due
to the high vacuum within the glass envelope. Serv-
icemen should remember this, and handle picture
tubes with great care. Even scratching the glass or
careless handling may cause them to collapse as vio-
lently as if they exploded. The white appearance of
the large- end of these tubes is caused by the film
of fluorescent material deposited on the inside sur-
face; this, of course, is where the television pic-
tures are formed.

I
0

(B)

A cross-sectional view of a picture tube is shown
in Fig. 1-6. As in the usual radio tube, the heater
causes the cathode to emit electrons and the second
anode (like the plate of the ordinary tube) strongly
attracts them, giving them a high velocity. The mod-
ulation or control grid regulates the number of
electrons which pass through it in a given time. In
the picture tube additional elements such as a fo-
cusing anode form the electrons into a narrow beam
so that they will strike the fluorescent screen in a
small round spot; in some tubes a screen grid is in-
serted between the modulation grid and the fo-
cusing anode to prevent the focusing action from
affecting the modulating action. TFig. 1-6(A) shows
the general arrangement of parts inside the tube,
and Fig. 1-6(B) shows a common way of repre-
senting these in schematic form.

With the parts so far mentioned, the tube can
produce a beam of electrons which will hit the
center of the fluorescent coating on the inside of the
picture tube and produce a small spot of light which
can be seen through the glass end. We can focus
this spot by varying the potential on the first (fo-
cusing) anode, and we can vary its brightness by
applying a suitable potential to the modulation grid.
The more negative the modulation grid becomes rel-
ative to the cathode, the dimmer the spot becomes;
the less negative the grid, the brighter the spot. It
now remains to provide some means for moving
this spot rapidly enough over the fluorescent screen
to give us a complete picture . . . in other words to
provide scanning.

Two methods of deflecting the electron beam are

K G5 F
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now commonly used: clectrostatic deflection and
electromagnetic deflection. The first of these meth-
ods, which is probably the simpler to understand,
takes advantage of the familiar fact that particles
of matter having like charges of electricity repel
each other, while particles having unlike charges at-
tract cach other. Since the electron beam consists
of negative charges, we see immediately that the
beam can be deflected by means of suitably shaped
electrodes which are charged either positively or
negatively as required. In picture tubes, as in oscillo-
scope tubes, this is done by building into the tube
two pairs of metallic plates, arranged approximately
as shown in Fig. 1-7.

This figure shows that plates H, and H, are
parallel to each other but in a plane at right angles
to plates I, and I”,. If no potential is applied to
any of these plates, the electron beam will pass
straight along the axis of the tube and cause a spot
to appear on the screen at 4. Now if we leave plates
H,; and H, alone, hut make plate V7, positive with
respect to plate V7, plate 17, will tend to attract
the negative electrons which make up the beam,
thus causing the beam to bend, so that it strikes the
screen at a new point, say at point B. We have thus
deflected the beam upward in a vertical direction a
distance AB. Similarly, il we leave V', and VI,
alone, but make H, positive with respect to H,, H,
will deflect the beam horizontally to the right until
we get a spot at a point such as C.

If we combine these effects, by making both V7,
and H, positive at the same time, the beam will
bend sidewise and upwards, causing the spot to ap-
pear at D. If the potentials of 7, and H, have
been the same as used in the first two tests, D will

HORIZ. DEFL.. PLATES —
THIS PAIR OF PLATES
DEFLECTS BEAM
HORIZONTALLY

¥
] bir D - \i
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be located so that the distance 4D is the hypotenuse
of a right triangle whose sides are equal to DC and
AC. Naturally, if 7, is made positive with respect
to V,;, the beam will he deflected vertically down-
ward, and if H, is made positive with respect to
H,, the beam will he deflected horizontally to the
left. The whole process of electrostatic scanning is
simply a matter of varying the potentials on the de-
Hecting plates in the picture tube so that the spot on
the screen traces out the desired picture according
to a regular plan. In a later section, we shall study
the details of the plan actually used.

The second method of deflecting the electron
beam is called electromagnetic deflection, because
coils of wire carrying current act on the beam the
way a magnet would. See Fig. 1-8(A): The mag-
netic lines of flux from a permanent magnet pass
from the north pole (N) to the south pole (S); the
electron beam passes between the poles. If the mag-
net were not present, the beam would produce a
spot at point 4 on the screen. When the magnetic
field acts on the beam as in Fig. 1-8(A), however,
the beam is deflected vertically upward to produce
a spot at point B. Compare this effect with that
produced by the electrostatic field in Fig. 1-7, and
you will notice that in Fig. 1-7 the eclectron beam
was deflected .in the direction of the lines of elec-
trostatic flux existing between plates V; and I/,
whereas in the case of magnetic detlection, the beam
1s deflected at right angles to the lines of magnetic
fluw. Thus in Fig. 1-8(B) the beam is deflected
horizontally to the right, when another magnet is
introduced whose influence is at right angles to the
one shown in Fig. 1-8(A).

Of course, a permanent magnet gives a steady
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Fig. 1-7—The electron beam in this picture tube is electrostatically deflected by the two pairs of plates. /{; and H, deflect

the beam horizontally, and 7, and V, deflect it vertically.
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Fig. 1-8—The magnetic deflection coils in (C) and (D) provide a magnetic field similar to that of the permanent magnets
in (A) and (B). Note that the beam is deflected at right angles to the lines of force.

field and. would therefore produce a constant de-
flection, whereas in television we must be able to
vary the extent of the deflection from zero to maxi-
mum in various directions. Since we can also pro-
duce a magnetic field by passing a current through
a coil, and in addition, can vary the strength of the
field by varying the current, we use coils for elec-
tromagnetic deflection, as shown in Iiigs. 1-8(C)
and 1-8(D). Two .pairs of coils are used, and these
are often combined in a single compact cylindrical
unit called a “deflecting yoke.” Iiig. 1-9 shows an
RCA deflecting yoke.

A point to remember about deflection systems is
that when one tube has elecirostactic deflection, a
change of voltage on the deflecting plates is required
to move the beam, whereas in electromagnetic deflec-
tion, a change of current through the deflecting coils
1s required.

Recently it was discovered that a metallic film
placed over the luminescent material on the inner
surface of the Kinescope tube improved the distri-
bution of light over the screen. This metallic film
is in the form of an aluminum backing which acts
as a reflector. In operation, the electrons pass
through the aluminum and strike the luminescent
material causing it to fluoresce in the usual manner.
However, very little light is lost within the tube
because of the reflecting properties of the aluminum
surface. The result is a gain in the brightness of
the received image. It is probable that this new
type of Kinescope may be used quite extensively
in new models of television receivers.

The Camera Tube

Whereas the picture tube contains a fluorescent
screen to convert an electric current into light, the
camera tube contains a photosensitive screen to con-
vert light into an electric current. Large and small
RCA camera tubes, called Iconoscopes, the type in
general use in this country at the present time, are
illustrated in Fig. 1-10. The essential parts of the
large tube are shown in the cross-sectional view in
Fig. 1-11: these are the mosaic, the signal plate,
the collector, and the electron gun. The important
accessories external to the tube are the lens, the
deflecting yolke, and the load resistor.

The mosaic consists of millions of individual

CUT -AWAY VIEW
OF ASSEMBLED YOKE

IRON  SHELL:

VERTICAL -
OLFLECTING COIL

MORIZONTAL -
DEFLECTING COIL

PAPER TUBE

Courtesy RCA

Fig. 1-9.—The magnetic deflecting yoke contains the hori-
zontal and vertical deflection coils which are designated here.
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Fig. 1-10.—Both a large and a small Iconoscope are shown.
Courtesy RCA

photosensitive globules like metallic droplets depos-
ited on one side of a thin sheet of mica. Each globule
is like a minute island on the mica, so that the
globules are insulated from each other. On the other
side of the mica there is a layer of conducting ma-
terial . . . the signal plate. Because the globules are
separated from the signal plate by the mica, the
mosaic consists of a myriad of mica-dielectric capac-
itors, all having one plate in common. Fig. 1-12
shows in a general way what the mosaic looks like
when viewed from the edge and enormously mag-
nified. The collector ring is a metallic coating ap-
plied in the form of a ring around the inside of the
tube and also extended down the neck of the tube
near the electron gun.

Briefly the action of the Iconoscope is as fol-
lows: An optical image of the scene to be televised is
focused on the mosaic by the lens. The electron gun
projects a stream of electrons over the mosaic,
scanning it under control of the deflecting yoke, as
already described in connection with the picture
tube. The electron beam in traversing the mosaic
causes a succession of voltages to appear on the sig-
nal plate which are proportional to the distribution

S corLecror PHOTO SENSITIVE
FOR O ) MOSAIC SCREEN
FOCUSING
IVIRAGE
g MICA SHEET
MOSAIC
scene SISNAL PLATE
(METAL )
£L e;c('/ zwrv et VI OEQ OUTPUT
= Iy
= 9
LOAD
RESISTOR
DEFLECTING b
YOoKE

Fig. 1-11.—The elements of the large tube shown in Fig.
1-10 are easily identified. Light images formed on the signal
plate are transformed into electrical energy by the scanning
beam.

of light in the image of the scene. The resultant cur-
rent which flows in the load resistor causes a volt-
age drop. This constitutes the video signal. This
signal is then amplified and used to modulate the
television transmitter.

The following more detailed description of the
action of the Iconoscope is presented for those in-
terested. When a scene is focused on the mosaic,
each photosensitive globule emits electrons in pro-
portion to the amount of light falling upon it; the
more light that falls on a given area the more elec-
trons are emitted from that area. This process is
called “photoemission.” Since a loss of electrons
means a more positive charge, photoemission sets
up a variety of different charges over the surface
of the mosaic in accordance with the distribution
of the light it is receiving. So far no video signal
has been produced because the globules are insu-
lated from the signal plate.

Since the path from the mosaic to the signal plate
is through a capacitor, the only way to get a signal
across is to produce a sudden change of potential.

PHOTOSENS! TIVE
GLOOULES

Fig. 1-12—An enlarged
view of the way the photo-
sensitive mosaic is arranged METALLIC -
with respect (o the signal sIA S
plate of a camera tube. renrs

MICA SHEET

In the Iconoscope type of camera tube, this change
of potential is produced by the action of the electron
beam from the gun. (The necessary orderly scan-
ning action from left to right and top to bottom is
provided by suitable currents through the deflecting
yoke, as in the case of a magnetically deflected pic-
ture tube.) In order to understand the effects pro-
duced by this scanning beam, let us first consider
three possible conditions on the surface of the mo-
saic before scanning. It has been found that the
ordinary Iconoscope mosaic in total darkness (black
scenc) asumes a potential of —1.5 volts relative to
the collector ring. When strong light (white scene)
falls on a portion of the mosaic, a considerable num-
ber of electrons are lost by photoemission, and the
potential is changed from, say, —1.5 volts to 0
volt. [llumination of medium intensity (gray scene)
may cause the potential to change from —1.5 volts
to —0.8 volt. These potentials of the mosaic, then,
may be approximately as follows for these portions
of the mosaic: black area, —1.5 volts; gray area,
—0.8 volt ; white area, 0 volt.

The electrons in the scanning beam travel so rap-
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idly that when they strike a surface such as the Icono-
scope mosaic, they knock off a great many electrons,
more, in fact, than even bright light does. This kind
of action is called “secondary emission.” So many
electrons are thus lost by secondary emission that
the portion of the mosaic directly under the action
of the scanning beam is driven to a positive poten-
tial of +3 volts. Each portion of the mosaic is
driven to +3 volts during the instant the scanning
beam acts upon it and this +3-volt potential is
reached regardless of the light conditions prevailing

. a black area goes to +3 volts as well as a white
or gray area. Although the peak potential reached
by every area as the scanning beam passes over it
is the same, the change in potential which this area
undergoes at this time will depend on the tllumina-
tion it-has received. Thus the black area will change
from —1.5 to +3 volts, a change of 4.5 volts; the
gray area will change from —0.8 to +3 volts, a
change of 3.8 volts; the white area will change from
0 to 3 volts, a change of 3 volts. It is this sudden
change of potential which is induced on the signal
plate that causes the video signal current to flow
through the load resistor. The difference between
the changes for black, gray, and white areas is what
indicates the difference in the illumination over the
mosaic surface as it scanned, and this difference
is proportional to the distribution of light over the
mosaic.

CATHODE (ZERO)

The important things to notice here are: (1) that
we get a video signal across the load resistor (Tg.
1-11) only when a change of potential is produced
on the mosaic, and that this is accomplished by the
scanning beam; and (2) that the resultant wvideo
signal is proportional to the light coming from the
scene being televised, the signal being of maximum
amplitude for black portions of the scene, MANLMUM
amplitude for white portions.

The collector ring (2nd anode) serves to accele-
rate the electrons in the scanning beam, and also to
collect some of the electrons ecmitted from the
mosaic. In Fig. 1-11 you will notice that this ele-
ment is grounded; it is, however, 500 to 1000 volts
positive with respect to the cathode of the electron
gun, because the gun is at a corresponding potential
negative with respect to ground. This will not be
the last time that you will find television tubes with
elements at very high negative potentials, and the
possibility of such circuits existing must always be
borne in mind as a safety measure.

Another type of RCA camera tube more recently
developed is the Image Orthicon. This tube retains
the essential features of the Iconoscope but it is
much more sensitive and efficient. Its high degree
of sensitivity permits the pickup of scenes in can-
dlelight and varying degrees of darkness, and makes
possitile “round-the-clock” television coverage of
news and special events. This tube, shown in Fig.
1-13(A), is incorporated in the portable super-sen-
sitive television camera manufactured by RCA Vie-
tor Diviston.

Fig. 1-13.—An Image Orthicon is shown in Fig. 1-13(A).
Note the size of the tube. The elements of the tube (includ-
ing the deflection yoke and focusing coil) are shown in
Fig. 1-13(B).

Courtesy RCA
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A simplified cross-section of the Image Orthicon
is shown in Fig. 1-13(B). In operation, the scan-
ning beam is projected from the cathode (extreme
left) toward the target at the right on which clec-
trical charges have been built up for focusing an
image of the scene on the photo-cathode. The scan-
ning beam is given just enough velocity to reach the
target. If the electrons in the beam strike a positive
charge they are absorbed. If the target charge is
negative, electrons in the beam are returned to the
area near the cathode. Incorporated within the tube
near the cathode are reflecting electrodes known as
dynodes. These dynodes are coated with a material
capable of high secondary emision. Referring to
Iig. 1-13(B), when the electrons in the return beam
strike the first of the dynodes, secondary electrons
are emitted. These secondary electrons in turn strike
other dynodes, greatly increasing the total number
of electrons and hence the current carrying the pic-
ture information. This procedure is repeated for
cach element in the televised scenc.

SCANNING AND SYNCHRONIZATION

In previous sections we discussed (1) the neces-
sity for scanning both the camera tube and the pic-
ture tube, (2) the essential requirement that these
operations must be synchronized, and (3) the de-
vices which make it possible to control the motion
of the electron beam in these tubes. In this section
we shall describe the details of the path of the
scanning beam on the tube screen, the waveshapes
necessary to produce this path, and some of the
problems which arise in connection with scanning.

The Scanning Pattern

As we have already mentioned, the usual scan is
from left to right and from top to bottom. In cer-
tain cases this order must be reversed, but the
principle is the same. In IFig. 1-14 is shown a sim-
plified diagram of a scanning pattern; this is often
called a “raster.” The rectangular diagram formed
by the light lines connecting points A, B, C, and D
represents what we may call the “picture space.”
The width of this rectangle (AB) is drawn so as
to be 4/3 times the height (4C) ; this is the propor-
tion used in motion pictures. The ratio of width to
height is called the “picture aspect ratio” and its
value of 4/3 is one of the I'CC television standards.
On a picture tube, the heavy lines ab, cd, etc., are
caused by the fluorescent glow which occurs as the
electron beam moves from point a to point b (in the
direction of the arrow on line ab). You will notice
that points a and A coincide, while point b is slightly

L, D

Fig. 1-14.—A simple progressive scanning pattern in which
the picture is scanned in a series of lines which start at the
upper left and slope down to the right.

below point B. In fact, all the lines in Tig. 1-14
slant downward. This slant is necessary to provide
the wvertical (top-to-bottom) part of the scanning
process. In fact, the left-to-right component .of
scanning is called “horizontal scanning” or “line
scanning”; the top-to-bottom component is called
“vertical scanning” (also called “frame scanning”
or “field scanning,” for reasons which will be clear
later on). This slant-line system of scanning is used
because the characteristics of the electrical circuits
which provide scanning make it impossible to scan
in a series of truly horizontal lines, with an abrupt
vertical drop at the end of each line.

After the beam reaches point b it is deflected back
along the dotted line b¢ to start a new line, ¢d. On
the picture tubé the line bc would be much fainter
than line ab because the time allowed for the beam
to move from & to ¢ is only about one-tenth the time
allowed for it to travel from a to b. Lines like ab,
cd, etc., are called “line traces”; lines like b, de,
etc. are called “line retraces” or “line flybacks.”

Here some questions may arise: Why does the
motion of the spot across the screen appear as a
line? Why is the flyback dimmer than the trace?
The eye is responsible for these effects. Any one
who has ever swung a flashlight or a “sparkler” in
a circle must have noticed that as the speed of the
swinging is increased, the individual spot of light
merges into an apparently continuous circle of light.
The velocity of the scanning spot across the picture-
tube screen is so rapid (several thousand miles per
hour) that the eye cannot distinguish the spot from
a continuous streak. This property of the eye is
called “persistence of vision.”

The difference in brilliance between the trace and
the flyback is due to the fact that the brilliance of
the fluorescence produced on the picture-tube screen
depends on the fime during which the electron beam
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Fig. 1-15.—An interlaced scanning pattern in which the
odd and even lines are scanned on successive fields.

acts upon it. Although in both cases the actual time
is very short, the differcnce in time (about 10 to 1)
does result in a very marked difference in brilliance.

A complete set of lines such as shown in I'ig. 1-14
is called a “frame.” This particular frame is com-
pleted when the spot reaches point 1; it then returns
to point a to start a new frame. A frame like that
shown in T'ig. 1-14 is said to be built up by “prog-
ressive scanning” (the lines follow each other in a
contfnuous chain). Six complete lines (retraces are
not counted) are shown in this figure; a complete
technical description of this figure would be: “A
six-line frame (or raster) produced by progressive
linear scanning.” Of course, so few lines as we have
shown would be insufficient to give a good picture,
and a very great many more arc actually used. In
order to give the eve the illusion of motion, many
complete frames must be traced out every second.
The standard American procedure is to trace 30
complete frames every second; each frame consists

of 525 lines.

Flicker and Hum on the Raster

It has been found that if the raster is bright a
flicker will be observed when the number of frames
per second (frame frequency) is less than a certain
critical value. Although a satisfactory illusion of mo-
tion might be produced by about 12 frames per
second, as many as 48 frames per second may be
required to remove objectionable flicker. The more
frames per second a television transmitter sends
out, each having a large number of lines, the higher
the modulation bandwidth required. One way to
keep the bandwidth down is to send twice as many
frames per second, cach frame having half the num-
ber of lines. But a large number of lines is neces-
sary for detail in the picture. It was therefore de-
cided to divide the total number of lines in cach

frame between two rasters (called “fields”), each
containing half the total number of lines required
to make up a frame. These fields, transmitted at the
rate of 60 per second, get rid of the flicker effect.
The required number of lines per frame is supplied
by sending the odd-numbered lines along with one
field and the even-numbered lines along with the
following field. The fields are transmitted so rapidly
that as far as the eye can sce, all the necessary lines
appear in their proper positions on the raster simul-
taneously.

The method of scanning just described is called
“interlaced scanning,” and is the system now in use.
A simplified pattern of a frame produced by inter-
laced scanning is shown in Fig. 1-15. The general
principles are the same as for progressive scanning;
in fact, cach field is itself progressively scanned.
The lines transmitted during the first field scan, re-
ferring to Fig. 1-15, are lines 1, 3, 5, and the first
half of line 7. The beam is then deflected to the
top of the picture space to begin the second field.
During the second field, line 7 is completed and
lines 2, 4, and 6 are traced, thus completing the en-
tire seven-line frame in two steps. (As in I'ig. 1-14,
the arrows show the direction of travel of the heam
spot.) The use of an odd number of lines has been
found advantageous in interlaced scanning; this
method is called “odd line interlacing.” American
practice calls for 262.5 lines in each field, making
525 total lines per frame. Sixty fields are transmit-
ted each second, giving, a field frequency of 60 per
second.

The frame frequency chosen depends upon the
a-c power-line frequency; it must be an even multi-
ple or submultiple thereof. The reason for this is
that if there is some hum present in the deflecting
circuits, a certain amount of distortion will appear
in the picture. If this distortion appears to be
stationary, and is not excessive, it can probably he
tolerated. On the other hand if the distortion moves
so that the picture appears to have moving ripples
in it, even slight distortion is most objectionable.
3y making the frame frequency an even submultiple
of the power-line frequency, this type of hum pat-
tern can be rendered stationary. Since most Ameri-
can power lines use 60-cycle a.c., the frame fre-
quency chosen was 30 per second. (In England,
with 50-cycle a.c., the frame frequency is 25.)

Scanning Waveform

In describing the picture tube, we showed that
the beam can be deflected by applying suitable po-
tentials to the deflecting ‘plates or suitable currents



—
+a

—

25

W

Q

<
X ¥
W W
L8 L4
.I5H—‘—! t—— .07%_.”_
" y v |

TIME ——»

VOLTAGE -—
OR CURRENT

VOLTAGE
OR CURRENT
=
Tl
>
o
™

-]

TIME ~oee——mm

=l
M = SECOND
/5,750

v= _L. sccono
60

Fig. 1-16—At the left 1s shown the saw-tooth waveform
required for horizontal scanning. A similar waveform, but
of much lower frequency is required for vertical deflection
and is shown on the right.

through the deflecting coils. The nature of these
voltages and currents depends on the kind of de-
flection to be produced. In Iig. 1-15 is shown the
kind of deflection required in television scanning.
The trace deflection required is a steady motion
from left to right along a line slanting slightly
downward to the right; the retrace travels from
right to left along a line slanting downward to the
left. We found out that such a motion will occur
when both sets of deflecting plates or coils are in
operation simultaneously. Thus in scanning, two
deflection circuits are acting at once, one moving the
beamn horizontally (horizontal deflection circuit),
the other moving it vertically (vertical deflection
circuit).

The shape of the voltage (or current) wave which
has to be applied to the deflecting plates (or coils)
to produce the desired scan is shown in Fig. 1-16.
At the left is shown the waveform for horizontal
or line scanning; at the right the waveform for
vertical or field scanning. Notice that the time of
the line wave is equal to the time of the field wave
divided by the number of lines per field (1/60
second divided by 262.5=1/15750 second). Also
notice that the line retrace is allowed only about
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1/6 the time allowed to the line trace; the field re-
trace is allowed 1/13 the time of the field trace.
The total time intervals allowed for these waves
indicate that the line-scan frequency is 15,750 cycles
and the field-scan frequency is 60 cycles. These
waveforms are called saw-tooth waves; circuits for
generating them are described in a later section.

Over-all View of a Television System

We are now in a position to obtain a bird’s-eye
view of a complete television system. Such a step is
advisable at this time because of the complexity of
the system and the desirability of not losing sight
of the function of the principal parts in the maze
of detail associated with all the individual elements
of the system.

Fig. 1-17 shows the general role played by each
of the major units of a television system in causing
the picture of the televised scene to appear on the
screen of the picture tube. Referring to this illus-
tration, you will note that the camera tube is focused
on the scene to be televised with the result that an
image of the scene is formed on the photoelectric
mosaic of the camera tube. In this way each point
of the mosaic takes on a voltage which is propor-
tional to the light value associated with this point
of the image. In order to transmit this information,
the electron beam of the camera tube completely
scans the image on the photoelectric surface 30 times
in cach second. As a result of this the video portion
of the television signal is produced in which the
electrical variations correspond with the light varia-
tions on the screen of the camera tube.

In order to fulfill the requirements of synchroni-
zation, the need for which has already been ex-
plained, a synchronizing signal (abbreviated “sync”
signal) is applied to the camera tube deflecting cir-
cuits so that the scanning of the electron beam is at
all times under the timing control of this sync sig-
nal.

RECEIVER

REPRODUCED
VIDEC IMAGE
= SIGNAL
PICTURE
RADIO VIDEOC Lok
RECEIVER amPLIFIER gt
Jii T g I
= -
Sy~c
SEPARATO, w
£ PARATOR ey cLecTro
g pEFLECT:
| AEFLECTING
CIRCUI 7S
syne ”
sicamack G worrz.
PEFLECT.

Fig. 1-17.—The principal elements of a complete television system. Note the provision made for synchronizing the scanning

at the picture tube with that at the camera tube.
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At the same time this sync signal must also form
a part of the television signal which is broadcast in
order that the scanning at the picture tube in the re-
ceiver can be kept in synchronism (in step) with the
scanning at the camera tube. For this reason you
will note that the sync circuit also feeds the same
sync signal to the video amplifier, and as a result
the complete signal contains information not only
on the light values but also the necessary control
signals to synchronize the scanning at the picture
tube with that at the camera tube.

The complete television signal is amplified by the
video amplifier circuits in the transmitter and fed
to the modulating circuits of the transmitter where
it modulates the high-frequency radio wave which
serves as the carrier. According to the present fre-
quency allocations assigned by the Federal Com-
munications Commission, the carrier frequencies used
lie within the range between 44 and 88, and between
174 and 216 megacycles. The reasons for the use
of carrier frequencies in the ultrahigh frequency
range and the actual make-up of the signal will be
discussed later in detail.

The signal which is radiated by the transmitting
antenna is picked up by the receiving antenna and
fed to the television receiver. The television signal
is amplified in this receiver which is almost invaria-
bly of the superheterodyne type. After sufficient
amplification the signal is demodulated in the second
detector of the receiver and the video and sync
signals are recovered. The video amplifier following
the detector further amplifies the signal which is
finally impressed on the control grid of the picture
tube. The fluctuations of voltage on the control grid
of the picture tube cause the intensity or brightness
of the scanning spot to vary in accordance with the
amount of light on that element in the scene which
at that particular instant is being scanned by the
electron beam of the camera tube.

The receiver contains separate circuits for deflect-
ing the beam of electrons horizontally and vertically
so as to accomplish the scanning of the image at the
picture tube. In general these circuits are similar to
those used to deflect the electron beam at the camera
tube. To insure absolute synchronization between
the scanning at the picture tube and that at the cam-
era tube, the receiver contains circuits (called sync
separator circuits) for separating the synchronizing
pulses from the complete television signal. As is
noted in the figure, these impulses are applied to the
deflection circuits in the receiver and keep the two

scanning beams-—the one in the camera tube at the
transmitting end and the other in the picture tube
at the receiving end—in perfect synchronism. In
this way the image of the scene is traced out by the
moving spot of light on the screen of the picture
tube.

A more detailed discussion of synchronizing cir-
cuits is given in chapter 8 This discussion is sup-
plemented by examples of specific circuits. These
examples are drawn from television receivers on the
market today.

In the above description we have omitted a con-
sideration of the sound broadcasting which almost
invariably is a part of the television broadcast. For
the present, it will be sufficient to understand that
the sound is transmitted and received in the same
way as a conventional sound broadcast even to the
extent that an entirely scparate carrier is used to
carry the modulation of the sound accompanying
the television broadcast.

THE TELEVISION SIGNAL

We are now in a position to consider more fully
the nature of the signal which is used to transmit
the television image. Up to this point we have ex-
plained in a general way that this signal contains
the electrical image of the scene being televised and
in addition contains the information required to
synchronize the scanning at the camera tube with
that at the picture tube. We will now go into great-
er detail as to the structure of this signal because
of the bearing which it has on the operation and
servicing of television receivers.

It will be helpful in understanding the nature of
the television signal to review briefly the audio sig-
nal used in sound broadcasting and later to com-
pare the two. In Iig. 1-18(A) is shown a typical
sound or audio signal. As you know, the amplitude
of this audio signal represents the intensity (loud-
ness) of the sound, and the number of cycles per
second represents the frequency (pitch) of the
sound. During periods when the sound intensity
1s zero, the amplitude of the sound wave is, of
course, zero; on the other hand, during periods
when the sound intensity is high, there will then be
a proportionate increase in the amplitude of the
signal. An important characteristic which you
should note is that in a sound wave, the amplitude
of the wave has both positive and negative peaks
and extends equally in both directions from the
Zero axis.
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The Video Signal

A typical video or picture signal, that is, the elec-
trical signal which represents the variations in
brightness over the elements of a scene, is shown
in Fig. 1-18(B). The horizontal line in the left-
hand portion of the signal shown represents the
signal voltage produced by an wnilluminaied or
black portion of the scene, which is called the “black
level.” In discussing video signals this black level
1s used as a reference from which the light values
corresponding to all other signal voltages are meas-
ured. The reason for this is apparent from inspec-
tion of the rest of IYig. 1-18(B), which represents
various signal voltages corresponding to parts of
the scene reflecting varying degrees of brightness.
Note that as the brightness of the scene increases
from black, the voltage of the video signal de-
creases, and that in any case the picture brightness
never results in a signal voltage greater than the
black level. The black level is therefore a suitable
reference, because its voltage is fixed and easily
reproduced. “White” would not be a suitable ref-
erence because the signal voltage corresponding to
“whitest white” depends upon the maximum in-
tensity of illumination available.

A video signal in which the signal voltage de-
creases (from the black level) as the picture bright-
ness increases toward white is said to have a
“negative picture polarity.” The signal of Fig. 1-18
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(B), as we have seen, is of this type. If we call
the black-level voltage zero volt in Fig. 1-18 (B),
all other shades of brightness will produce negative
voltages, the whitest part of the scene having the
greatest negative voltage. A signal having negative
picture polarity is used to modulate the television
carrier in present-day American television. Of,
course it is perfectly possible to have a video signal
in which the signal voltage increases as the picture
brightness increases; in this case the signal is said
to have a “positive picture polarity.” In fact we
shall see later on, in considering receiver circuits,
that the signal undergoes a reversal of polarity in
passing through each stage of the video amplifier.

The important difference between the audio
signal and the video signal is that the wvideo signal
is always located on only one side of the black
reference level, whereas the audio signal contains
variations on both sides of the zero-signal level.
The video signal is thercfore a pulsating voltage
with a d-c component, not an a-c wave like the
audio signal.

Let us now consider the video signal in greater
detail. Iig. 1-19(A) shows the output of the cam-
era tube for two successive lines of the image. At
the same time Iiig. 1-19(B) shows these two lines
as they appear on the scanning pattern or raster.
Starting at a, the beginning of the field, the beam
traces the first line a-c, referring to the signal [Fig.
1-19 (A)] it can be seen that the image is black at

VA7) 774
SOUND

(»)

(8)

Fig. 1-18—Comparison between a sound and video signal. In the video signal, black is represented by a fixed level, and vari-
ous shades of brightness are represented by voltages displaced proportionately from the black reference level.
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a, changes gradually to a brilliant white at b, and
finally changes gradually to black at the end of the
line c.

During the retrace time c-d, the signal level is
maintained at a uniform black level as shown by
c-d on Fig. 1-19(A) This “black” interval during
which the retrace is carried out is called the “hori-
zontal blanking period,” and the pulse c-d is called
the “horizontal blanking pulse,” or the ‘“horizontal
blanking pedestal.” As we shall see later in more
detail, the pedestal performs two functions: (1) It
blanks out the return trace so that it will not appear
on the screen of the picture tube and (2) it pro-
vides a platform on which the horizontal synchro-
nizing pulse is erected. Note that the second scan-
ning line d-e-f is essentially the same as the first
line and again the line is terminated on the signal
wave by a blanking pulse f-g. In this way the entire
field is scanned and the picture signal corresponding
to the light and dark variations of the field is pro-
duced.
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Fig. 1-19.—The video signal and horizontal blanking pulse for
two successive lines of a scene. In Fig. 1-19(B) at left are shown
the lines of tlie scanning pattern corresponding to the signal. Note
that the picture is blanked out during the horizontal retrace
periods, as shown at ¢d and fg.

Signal and Sync Pulses

In the previous section we showed the video
signal without discussing the modifications which
must be made in the signal in order to provide the
necessary synchronization. We- shall now describe
how this synchronizing information is added to the
signal.

Consider the video wave shown in Fig. 1-20.
This shows the wave for the last two lines of the
field, just preceding the vertical retrace period dur-
ing which the beam returns to the upper portion of
the field. Starting at the left of the figure, the first
thing you will note is the addition of a pulse which
is erected on top of the horizontal blanking pulse;
this is called the “horizontal sync pulse.” As we
shall see later in the discussion of receiver sync
circuits, this small rectangular pulse provides the
means which keeps the horizontal line or scanning
oscillator in the receiver in synchronism with the
scanning at the camera tube. An important thing
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Fig. 1-20.—The video signal showing the last two lines of a field followed 1

wy a vertical blanking period. Horizontal sync

pulses are shown on the horizontal pedestals and the vertical sync pulse is transmitted during the vertical blanking period.
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to note is that this sync pulse is located in the
“blacker-than-black” region so that the screen of
the picture tube is kept dark during the period of
the horizontal retrace. Thus the portion of the sig-
nal more positive than black is used for synchro-
nizing information, whereas the voltage more neg-
ative than the black level is used for the picture in-
formation. It is also important to observe that this
line-synchronizing pulse appears at the end of each
line so that constant synchronization of the line
oscillator is maintained.

At the end of the last line at the bottom of the
field, represented by point 1 in Fig. 1-20, the beam
is ready to return to the upper edge of the field.
As in the case of horizontal scanning, a sync pulse
is required to return the beam to the top at the
proper instant. All the information associated with
the end of the field, required to return the beam
to the top of the field in preparation for the one
to follow, is contained in the interval designated as
the “vertical blanking period.” Essentially the fol-
lowing three functions are performed during the
vertical blanking period: (1) A field synchronizing
pulse is provided (the exact nature of this pulse
is described later) so that the beam will be return-
ed to the start of the frame at the proper instant.
(2) The entire signal is blanked out so that the
field retrace and lines scanned during this interval
will not be apparent to the observer. (Actually, of
course, the line-scanning circuits continue to func-
tion, but the beam does not exist because¢ of the
negative voltage on the control grid of the picture
tube during this interval.) (3) The line synchro-
nizing pulses are maintained during the vertical
blanking period, which lasts for about 15 lines, so
that the horizontal deflecting circuit in the receiver
will not slip out of synchronism during this period.
In addition to the vertical and horizontal sync
pulses, two groups of so-called “equalizing pulses”
are transmitted during the vertical blanking period;
these are required for reasons which will be ex-
plained later.

Standard Television Signal

It is desirable at this point to show the complete
signal which is used as the standard in this country.
To illustrate the make-up of this signal, Fig. 1-21
shows the signal for two successive fields in the
neighborhood of the vertical blanking pulse. Ac-
cordingly the left-hand portion of (A) shows the
last four lines of any one field. This is followed by
the vertical blanking period which contains equal-

izing pulses both preceding and following the verti-
cal sync-pulse interval. After the last equalizing
pulse, the horizontal sync pulses are resumed; by
this time the beam has been returned to the upper
portion of the screen so that shortly thercafter the
normal video signal is resumed. To summarize, the
first line (A) shows the complete signal as it exists
for any one field both before and after the trans-
mission of the vertical blanking period.

Part (B) of this figure describes the signal as it
exists 1/60 second later for the following field.
Since the scanning is interlaced, note that the line-
sync pulses in (B) appear between the line-sync
pulses in (A), thus providing the timing which is
essential for interlacing. Again the last line in this
field is followed by a vertical blanking period at the
end of which the video signal is resumed. Note that
for both parts of the figure, the reference point
from which time is reckoned is the beginning of
the vertical sync pulse, which is designated as tak-
ing place at any time represented by ¢t = t,. Using
this time reference, it of course follows that the
vertical sync pulse for the next field must begin
1/60 second later (since there are 60 fields per
second) ; this is shown by part (B) of the figure so
that the two vertical sync pulses are directly below
each other but 1/60 second apart in time.

The description which follows shows in greater
detail those parts of the complete video signal
which have already been described.

Horizontal Blanking and Synchronization

As shown in I'ig. 1-21, the horizontal sync signal
is transmitted at the end of each line and consists
of an essentially rectangular pulse erected on the
horizontal blanking pedestal. The amount of time
allowed for the blanking pedestal is specified as
15% of the total time from the beginning of one
line to the beginning of the next line. Since the
time for each line (including the retrace) is 63.5
microseconds (1/15,750 second), the time devoted
to horizontal blanking is about 9.5 microseconds.
This interval of 9.5 microseconds has been found to
be just large enough to allow for the retrace time,
to allow the spot to assume normal scanning speed
at the left edge of the picture, and to maintain re-
liable synchronization.

The wholc of the horizontal blanking interval is
not utilized for the synchronizing pulse as can be
seen by examining the enlarged view of the wave
between C-C [Part (B)] shown in the detail view,
Part (C) of the figure. Actually only about half the
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total blanking time is used, and the front or leading
edge of the sync signal is placed as close as possible
to the beginning of the blanking pulse. The small
allowance which is made takes care of some varia-
tion in timing and insures that the sync pulse will
not run into the video portion of the signal and
thus upset the line timing.

Vertical Blanking and Synchronization

The vertical blanking interval follows the last
line of each field and consists of the following four
parts which will be considered separately.

(1) Six equalizing pulses one-half line apart
precede the sync pulse and accomplish (a) the
maintenance of horizontal or line synchronization
and (b) the “equalization” of the intervals preced-
ing the vertical sync pulse so that conditions pre-

525 LINES, 30 FRAMES PER SEC., 60 FIELDS PER SEC,,

VERTICAL

po—— 1,

fauaLizmng EQUALIZING HOUZOHTAL SYNC
P TNG e syne. e E 0L = S
INTERVAL PULSE IWTERVAL
BOTTOM OF PICTURE o] ’._;:]vl(:vu
Hf re3H " .l 500 »«.]
h i ‘l |
1

] SRHERHE R VT | N
" ¢ ! o R
§ o ° ; ‘f AT
; % 3.2 Wy I, ) A

VERTICAL BLANKING (e |0 s

THE TELEVISION SYSTEM 19

ceding the vertical sync pulse are identical for alter-
nate fields. The need for these equulizing pulses
arises because of the interlacing of alternate fields.
As you can see from Tig. 1-21, the lines in the
second field (B) are interlaced with those of the
preceding field (A). If the equalizing pulses were
eliminated and the vertical sync pulses were insert-
ed in (A) at the end of the last line, then the verti-
cal sync pulse would have to appear in the next
field (B) at the middle of the line; the reason for
this 1s that 1/60 second later the beam is in the
middle of the line because of the interlacing. Thus
without the equalizing pulses, the conditions pre-
ceding the vertical sync pulse would be different for
each of the two fields. This would tend to produce
a different type of vertical sync pulse for alternate
fields, upset the synchronization and give rise to
the distortion known as “pairing of the interlace.”
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Fig. 1-21—The standard television signal. Part (A) shows the signal at the end of any one field; part (B) shows the sig-
nal at the end of the next field, 1/60 second later. The difference between the two fields 1s caused by interlacing.
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In a paired interlace, the even-scanned lines do not
lie midway between the odd-scanned lines, because
of the difference in timing on alternate fields.

In connection with the maintenance of line syn-
chronization during the vertical blanking interval,
note that the leading edges of the equalizing pulses
function to maintain synchronization. Not all the
pulses are used for each field, however. Thus note
that because of the interlacing, the first, third, and
fifth equalizing pulses are used on the first field
(A), and the second, fourth, and sixth pulses are
used on the succeeding field (B). This explains
why six pulses are used, each spaced one-half line
apart, rather than three pulses spaced one line
apart. It would, of course, be possible to use three
different pulses in each field, but if this were done
the signal preceding the vertical sync pulse would
be different for succeeding ficlds and there would be
a resulting absence of equalization.

(2) The vertical sync pulse (or field synchro-
nizing pulse) follows directly after the equalizing
pulse interval and consists of six broad pulses in
which the edges are serrated or cut at one-half
line intervals. The function of the vertical sync
pulse i1s to provide the control signal which tells
the vertical oscillator that it is time to begin
the retrace and thus to return the beam to the top
for the beginning of the next field. The pulses in
the vertical sync-pulse interval are considerably
broader than the line pulses so that the sync separa-
tor circuit will be able to distinguish between the
two types of pulses and thus be able to separate the
vertical svnc pulses from the horizontal sync pulses.
At the same time the edges of the serrations at half-
line intervals provide the necessary control for
maintenance of horizontal synchronization. The ser-
rations are required at half-line intervals because
of the interlacing; the reasoning uscd in connec-
tion with the equalizing pulses also applies here.

(3) It was explained previously that in order to
provide identical conditions for the two successive
fields preceding the vertical sync pulses, six equal-
izing pulses were inserted in front of the vertical
sync pulse in cach field. It is just as necessary to
keep the conditions following the vertical sync-
pulse interval the same for the two successive
fields (A) and (B); for this reason six lagging
equalizing pulses appear in both (A) and (B) after
the vertical sync pulse. If you examine the vertical
sync-pulse interval in both (A) and (B) you will
see that, although the lines in the two fields are dis-
placed by one-half line because of the interlacing,
nevertheless the conditions in the neighborhood of

the vertical sync-pulse interval are the same for
both fields. Note that the lagging equalizing pulses
are also one-half line apart so that line synchro-
nization is maintained for both the “odd” and
“even” fields.

(4) The lagging equalizing pulse interval is
terminated before the end of the vertical blanking
period so as to prepare the line oscillater for the
normal horizontal sync pulses which are to follow.
In practice, the video signal is blanked out for a
period of from 7 to 12 lines following the last
equalizing pulse so that the line oscillator (which
may have been operating at double line frequency
during the preceding period) has a chance to settle
down to being under control of the normal type
of sync signal. At the end of the vertical blanking
interval, the blanking is of course removed and the
video portion of the signal again controls the in-
tensity of the beam in the picture tube.

Range of Frequencies in Video Signal

Unlike audio signals which contain frequency
components ranging from a low value of about 20
cycles per sccond to a high value of about 15,000
cycles per second, video signals include a range
from practically zero frequency (produced over
areas where there 1s little variation in light inten-
sity) to as high as 4 or more megacycles (pro-
duced over areas where there is a very rapid varia-
tion in light intensity).

It is interesting to examine the manner in which
the maximum frequency required in the video sig-
nal is related to the amount of detail which is re-
produced. This can be arrived at from the follow-
ing considerations: l.et us assume that we wish to
transmit a picture in which the same resolution or
detail is desired in the horizontal direction as in the
vertical direction. In the vertical direction we have
a total of 525 lines or 525 elements. Since a hori-
zontal line 1s 4/3 times as long as a vertical line
(the picture is 4/3 times as wide as it is long), it
follows that there are 4/3 as many elements in a
horizontal line as there are in a vertical line. This
makes a total of 525x525x4/3 or 367,500 ele-
nients in the complete picture.

Since we wish to calculate the maximum fre-
quency which is required to reproduce the light
and dark variations over each one of these 367,500
elements, let us assume that alternate elements in
the picture are black and white so that the image
resembles a checkerboard pattern. This type of
scene requires the highest possible frequency for
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faithful reproduction because of the rapid yariation
in light intensity as the beam goes from onc ele-
ment to the next. The exact opposite of this type
of scene would be one which was uniform over its
entire area, for in this case it would be necessary
for the system to transmit only very low frequen-
cies. For the checkerboard pattern under discussion,
the variation from black to white in scanning two
adjacent elements requires a certain amount of time.
This amount of time represents the duration of one
complete cycle and one divided by this number repre-
sents the highest frequency which must be trans-
mitted.

Let us calculate this time interval required for
the beam to scan two adjacent black and white ele-
ments. Since there are 367,500 elements in a com-
plete picture and it requires 1/30 second to trans-
mit this picture, the time allotted to the transmission
of information on two elements (1 cycle) is equal
to

2V2

367,500

1 second 1 second

3,900,000

30 cycles cycles

The .constant, /2, is determined by several factors,
the most important of these is the spot diameter.
The frequency generated when- the scanning beam
passes over these two elements is thus equal to
3,900,000 cycles per second, or 3.9 megacycles.
As we have previously seen, the maximum fre-
quency which is present in the video signal is related
directly to the amount of detail required in the im-
age. It has been found that for the smaller picture
tubes satisfactory detail is obtained when frequency
variations up to 2.5 megacycles are transmitted and
that little is gained by transmitting the high fre-
quency components produced in the scanning at the
camera tube. However, where a comparatively large
picture tube is used, additional detail and a finer
image can be produced by transmitting frequency
components ranging up to about 4 megacycles.

The Modulated Wave

In previous sections we have described the video
wave produced when a scene is scanned and the
modifications which are made in this wave in order
to provide for both line and field synchronization.
We now will consider the make-up of the modu-
lated wave which is produced when this video wave
modulates a high-frequency carrier.

First yet us review the result of amplitude mod-
ulating a carrier with a conventional audio signal.
As Fig. 1-22(A) shows, if we amplitude modulate

a 1000-kc carrier with an audio signal which con-
tains frequency components ranging up to 5 ke,
then the resulting modulated wave contains, in ad-
dition to the carrier frequency, new frequencies
which extend to the limits of 5 k¢ below the carrier
frequency and 5 kc above it. In other words, the
process of amplitude modulating the carrier results
in the introduction of two sets of sidebands which
extend outward from the carrier to a value equal
to the highest frequency in the modulating wave.
The sideband which contains the frequencies lower
than the carrier frequency is called the “lower side-
band,” and that which contains the frequencies
higher than the carrier is called the
band.”

It would be impossible to use a broadcast-band
carrier for television work. This can be seen from
the fact that unlike sound, the video modulating
frequencies would themselves be higher than the
carrier frequency. In order to make the modulation
process work, it is necessary that the carrier fre-
quency be at least several times the highest fre-
quency of modulation. For this reason the carrier
frequencv in television must be scveral times as
high as the maximum video frequency, or several
times 4 mc. Actually the carrier frequencies which
have been chosen for television are at least ten
times the highest video frequency since the lowest
carrier frequency which is being used for 525-line
television 1s 44 mc.

Some of you may recall that a number of years
ago, carrier frequencies only a little higher than the

“upper side-
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broadcast-band were assigned to experimental tele-
vision. This merely illustrates our point, however,
since those early low-definition pictures contained
comparatively few eclements and consequently had
maximum video frequencies far below those found
in present-day high-definition work.

Returning to the comparison between a broad-
cast-band carrier amplitude modulated by a sound
wave and a modulated television carrier, we show
in Tig. 1-22(B) the wave which results when
a 44-mc carrier is modulated with a video signal.
As in the case of the 1000-kc carrier, the process
of modulation introduces two sets of sidebands, and
for the example shown the two sidebands extend
to 4 mc below and 4 mc above the 44-mc carrier.

It is interesting to compare the bandwidth re-
quired for the transmission of a scene by television
with the bandwidth required in amplitude modu-
lated (a-m) sound broadcasting. As Fig. 1-22
shows, an a-m sound broadcast requires only a 10-
ke channel whereas the television channel (arranged
for double-sideband modulation) requires 8000 ke
or 800 times as much space as the sound channel.
Although it is possible to locate approximately 100
sound channels in the broadcast band, it would re-
quire more than 8 times the space provided by the
entire broadcast band for the transmission of a sin-
gle television channel with double-sideband mod-
ulation. The large amount of the radio spectrum
required for television is one of the reasons for
the choice of the ultrahigh frequency range for
television.

Positive and Negative Modulation

In discussing video signals we pointed out that
the video signal is said to have a positive or nega-
tive picture polarity depending upon whether the
changes from the black level take place in a posi-
tive or a negative direction, respectively. In modu-
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Fig. 1-23.—A video wave with negative modulation. The
sync pulses are located in the blacker-than-black region and
occupy from 20 to 25 percent of the maximum carrier
amplitude.

SYNVNS
UL S E

— = =B8LACK LEVEL

WHITE LEVEL

lation we run into somewhat similar terms—oposi-
tive and negative modulation—which are related
not to the polarity of the video signal but to the
modulated wave itself. A television carrier is said
to have positive modulation when an increase in
carrier amplitude corresponds to a brighter area in
the scene being scanned. Thus for a wave with
positive modulation, the lowest carrier amplitude
corresponds to black while the maximum carrier
amplitude corresponds to the brightest part of the
image. On the other hand, for negative modulation,
a decrease in carrier amplitude corresponds to an
increase in the brightness of the image. Thus for a
wave with negative modulation, the lowest carrier
amplitude corresponds to maximum white in the
image and the highest carrier amplitude corresponds
to black.

Because negative modulation offers certain ad-
vantages in improved performance and simplified
receiver design, it is used as standard in this coun-
try. As shown in Fig. 1-23, the maximum amplitude
of the carrier is used for the synchronizing pulses
and lies in the blacker-than-black region. The term
“blacker-than-black” merely means that the sync
signals have higher amplitude than black picture
signals. It has been found that reliable synchroni-
zation can be secured so long as the amplitude of
the synchronizing pulses is from 20 to 25 percent
of the maximum carrier amplitude. Actually, then,
not more than 80 percent of the total carrier ampli-
tude is available for transmitting information on the
light values in the scene, the rest of the wave being
used for synchronization.

RECEIVER CIRCUITS: GENERAL

Having examined the fundamental principles of
television, let us now investigate the operation of
receiver circuits. These circuits are especially im-
portant because the work of servicemen in the field
deals primarily with the installation and main-
tenance of receivers. In order to show the interre-
lationship between the many components that make
up a receiver, we shall first break down the receiver
into its major sections and later consider the func-
tioning of these in more detail.

Fig. 1-24 shows a block diagram of a typical
television receiver arranged to show the general
character of the signal and the function performed
by each section. For convenience we shall assunie
that the receiver is tuned to the 44-50 mc channel.
In accordance with the preceding description, this
means that the frequency of the video carrier is
45.25 me (1.25 mc above the low-frequency end of
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the channel) whereas the frequency of the audio
carrier is 49.75 mc (0.25 mc below the high-fre-
quency ‘end of the channel).

Both these signals, together with their sidebands,
are picked up by the antenna and fed through a
transmission line to the input of the r-f amplifier.
Essentially the function of the r-f amplifier is the
same as that of the r-f amplifier in any superhet-
erodyne receiver—to amplify the signal and to re-
ject unwanted signals in adjacent and other chan-
nels. In this case, the r-f amplifier is broadly tuned
so that both the video and sound carriers, which are
separated by 4.5 mc, are amplified equally.

After being amplified in the r-f amplifier, both
signals are fed to the mixer circuit where the con-
version of the signals to the intermediate frequen-
cies (i.f.) takes place. Since there are twa radio fre-
quencies, it of course follows that two separate in-
termediate frequencies are produced.

In accordance with present practice, the oscilla-
tor operates at a frequency approximately 26 mc
above the video carrier frequency. For the channel
being received, the frequency of the oscillator in the
receiver is 71 mec. Since the oscillator frequency is
25.75 mc above the video carrier frequency, in this
case, 25.75 mc will be the value of the video i.f. In
the same way, the i.f. of the sound signal is equal
to the difference between the oscillator frequency
and the sound carrier frequency, 71-—49.75 mc, or
21.25 me.

Following the mixer, the sound channel in the
block diagram is entirely independent of the rest of
the receiver and in practically every detail is simi-
lar to a conventional receiver used for broadcast
reception. Thus the 21.25-mc sound i-f signal passes
through the sound i-f amplifier (the selectivity of

which is broader than usual to minimize the effects
of oscillator drift), and is demodulated at the sound
detector. The avc voltage is supplied in the usual
manner to control the gain of the stages in the
sound i-f amplifier. In accordance with FCC stand-
ards, frequency modulation (f.m.) is used exclu-
sively for all television sound.

Returning to the video signal, we have seen that
a 25.75-mc i-f signal is produced by the mixer and
that this signal carries the video modulation. As the
diagram shows, this signal is amplified in the video
i-f amplifier, which usually consists of several
stages, and finally reaches the video detector where
the signal is demodulated. The video signal recov-
ered at this point is essentially the same as the out-
put of the camera tube, so that it contains all the
information required to reproduce the picture, and
in addition, includes the blanking and sync pulses.
The video detector is followed by the video ampli-
fier which, in terms of a sound receiver, corresponds
to the audio amplifier. The function of the video
amplifier is to amplify the video signal so that its
amplitude will be great enough to “swing” the mod-
ulation grid of the picture tube. For the average
picture tube this requires approximately 25 volts,
peak-to-peak.

Note in the diagram that the polarity of the video
signal is reversed 180 degrees for a single stage of
video amplification and that the receiver is arranged
so that the signal which reaches the control grid of
the picture tube has a positive polarity. As a result
the synchronizing impulses appear in the blacker-
than-black (highly negative grid-bias) part of the
picture-tube characteristic so that the beam is block-
ed during the retrace part of the line and field
sweeps.
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In addition to supplying the video signal and the
signal which actuates the avc system, the detector
supplies the video signal to the synchronizing sep-
arator. The purpose of this separator is to remove
the picture component from the complete video sig-
nal and then to separate the horizontal sync pulses
from the vertical sync pulses. As is shown, the
horizontal sync pulses are arranged to control the
timing of the horizontal deflection circuit, while the
vertical sync pulses are arranged to control the tim-
ing of the vertical deflection circuit.

The power supply is not shown in the block dia-
gram. A single low-voltage power supply can be
used to take care of all voltage requirements

throughout the receiver with the exception of the
high-voltage requirements for the picture tube. The
latter, which may include voltages as high as 30,000
volts, is supplied by a separate high-voltage power
supply which has its own transformer, rectifier, and
filter.

The two most popular high-voltage power sup-
plies in use at the present time are the “kick-back”
power supply and the r-f power supply. Television
power supplies are covered in chapter 11,

And now, having discussed the fundamental prin-
ciples of television here, detailed coverage of the
various television receiver circuits will be given in
succeeding chapters.



CHAPTER 2
FREQUENCY CHARACTERISTICS OF THE TELEVISION SYSTEM

By Seymour D. UsLaN

In order to understand many of the features of
television 1t 1s very important to know something
about the frequency standards concerning televi-
sion broadcasting as set up by the I‘ederal Com-
muications Commission (FCC). Such information
will be very helpful because in the discussions to
follow reference is quite often made to these stand-
ards. The frequency range of television, the differ-
ent channel frequencies, the bandwidth involved,
and the video and sound carrier frequencies are
some of the topics which will be discussed in this
chapter.

Television Channels

Television today occupies quite a large frequency
range. The I'CC has set aside 13 television channels
in the frequency spectrum between 44 and 216
megacycles. These 13 television channels do not
exist over this complete frequency range but only
over part of it. The term ‘“‘television channel” ac-
cording to the FCC means—a band of frequencies
6 megacycles wide in the television broadcast band
and designated either by number or by the extreme
lower and upper frequencies. This means then for
the 13 television channels, the television broadcast
band occupies 13 X 6 or 78 mc. However, this 78-mc
band is not continuous as are the f-m and a-m com-
mercial broadcast bands.

From the 44-to-216-mc frequency range the fol-
lowing frequencies are not part of the television
band: 50-54 mc, 72-76 mc, and 88 to 174 mc. The
other frequencies in this 44-to-216-mc frequency
spectrum are assigned to the television band. These
remaining frequencies are divided into 13 tel-
evision channels and each channel is designated by
a number. In other words the channels are number-
ed 1 through 13. Consequently with the width of
each television channel standardized at 6 mec, the
frequency ranges of the television channels are shown
n the accompanying table.

These television channels are often divided into
two separate groups. Channels 1 through 6 are con-
sidered as one group, often termed the low band,
and channels 7 through 13 are designated as the
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CHANNEL  FREQUENCY CHANNEL  FREQUENCY

NO. (Mc) NO. (McC)

1 44 — 50 7 174 — 180

2 54 —60 8 180 — 186

3 60 — 66 9 186 — 192

4 66 — 72 10 192 — 198

5 76 — 82 11 198 — 204

6 82— 88 12 204 — 210

13 210—216

other group, usually called the high band. Such a
grouping is readily understandable when one con-
siders the 86-mc difference between the end of the
sixth channel and the beginning of the seventh. Such
a grouping is helpful in analyzing image frequency
interference and other problems.

Video Signal Characteristics

When a (high frequency) carrier is modulated
with a video signal, the carrier undergoes changes
in amplitude. Thus we see that television is an-
other form of amplitude modulation and possesses
many of the characteristics. of regular a-m radio
broadcasting. In this latter type of broadcasting,
when a carrier signal is modulated by audio the re-
sultant modulated signal consists of a center fre-
quency component, equal in frequency to the carrier,
and two sideband frequency components. One side-
band component is called the upper sideband and
the other is called the lower sideband. The frequen-
cies of these sidebands are equal to the center fre-
quency plus or minus the frequency of the applied
audio modulating signal. The relative amplitudes of
the components of the a-m signal are determined by
the percentage of modulation. The frequency sep-
aration between the components is determined by
the frequency of the audio signal. In a-m radio
broadcasting (550 to 1500 kc¢) the adjacent channel
scparation is 10 kc as set down by the FCC. This
means that there is a maximum of only 5 kc on
either side of an assigned station frequency.

In regular a-m broadcasting it is possible to use
audio modulating frequencies as high as 15 kc. The
frequency of the audio modulating signal deter-
mines the bandwidth of the transmitted signal.
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However, since the maximum bandwidth as set
down by the IFCC is cqual to 10 ke, then the maxi-
mum audio frequency that can be passed is 5 ke.
With this much understood we can illustrate the
frequency spectrum of a typical a-m wave (audio
modulated) with regard to both amplitude and fre-
quency. In Iig. 2-1 we have illustrated the fre-

Fig. 2-1. — The
frequency spectrum
of a typical 100-
percent-modulated
a-m wave. The am-
plitude of the side-
bands is half that
of the carrier.
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quency spectrum of a 100-percent-modulated a-m
wave. In a 100-percent a-m wave, the amplitudes
of the upper and lower sidebands each is equal to
half that of the carrier component. In I'ig 2-1 the
frequency of the lower is designated as f; and that
of the upper sideband fy, and for maximum audio
transmission they are shown as being 5 kc on either
side of the center frequency component which is
designated as f,. If the frequency of the carrier is
1000 ke, then for a 5-kc¢ audio modulating signal
the upper and lower sideband frequencies are re-
spectively 1005 ke and 995 kc. Thus an over-all
bandwidth of 10 kc exists.

The intelligence (i.c. audio signal) is completely
vested in the sideband components, with each side-
band containing half of the power of the transmit-
ted intelligence. (The center frequency component
contains no intelligence at all.) Upon demodula-
tion of the a-m signal, each sideband contributes to
the amount of audio power output. If only one side-
band were detected, all the audio frequencies in-
volved at the transmitter would be reproduced but
only half the audio power output would be obtained
as compared with that resulting when both side-
bands are detected. Consequently we can see that
whether one or both of the sidebands are detected
all the audio frequencies will be reproduced and
only the power output at these frequencies will be
different.

In video signal transmission the situation is very
much the same regarding the intelligence and the
sidebands. In television transmission, the picture
signal (i.e. video signal) is similar to the audio sig-
nal in a-m transmission. The video signal is, there-
fore, used to amplitude modulate a high-frequency
carrier signal. The resultant modulated signal con-
sists of a center frequency component and two side-
bands, an upper and a lower. The frequency of the
sidebands will be equal to the frequency of the car-

FREQUENCY

rier plus or minus the frequency of the video sig-
nal. All the video intelligence is vested in the side-
bands and none in the center frequency component.
Conditions for the percentage of modulation in tele-
vision are the same as in regular a-m broadcasting.

The video frequencies are as low as 30 cycles
and as high as 4 mc. This represents quite a prob-
lem for the design of proper circuits to pass such
a band of frequencies. The frequency spectrum pic-
ture of the video-modulated television signal for
100-percent modulation is illustrated in Fig. 2-2. In
this drawing F¢ is the carrier frequency, Fy the
lower sideband, and /7 the upper sideband. The
maximum bandwidth is shown to be equal to 8
mc. This video bandwidth plus that of the sound
f-m signals would take up too much space in the
assigned frequency spectrum for television. As

Fig. 2-2. — The
frequency spectrum
of a television sig-

|
nal at 100-percent
modulation.  Note
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1s spaced 4 mc - Fe Fu
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from the carrier.
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mentioned, according to the FCC, each television
channel occupies an over-all bandwith of 6 mc.
This includes the video-modulated signals and the
sound f-m signals.

Vestigal-Sideband Transmission

Since the maximum 8-mc bandwidth of the video-
modulated signal is in itseli too broad for the
assigned television channels, some form of adjust-
ment must be made. We have previously stated that
if only one sideband of an audio a-m signal were
transmitted, the primary difference in the receiver
output would be in the amount of power. In other
words all the audio modulating frequencies would
be reproduced but with half the power they would
have under normal transmission (double-sideband
transmission ).

Such a system of single-sideband transmission is
also possible in television. The maximum bandwidth
necessary for the video-modulated signal would then
be only 4 mc—half that of the 8-mc bandwidth
under double - sideband transmission. Single - side-
band transmission is not used in television because
it may cause distortion in the output of the detector
system of the receiver and also because it is diffi-
cult to obtain the necessary sharp cutoff filter for
complete suppression of one sideband. Since the
television channels are 6 mc wide and since one side-
band occupies a width of only 4 mc, approximately
2 mc (discounting the small bandwidth required
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for the sound f-m signal) will not be used if single-
sideband transmission is employed. By utilizing the
the extra bandwidth we can transmit a television
signal that has one complete sideband plus part of
the other. Such transmission is often called vesti-
gal-sideband transmission, and it is the type em-
ployed in television today.

Vestigal-sideband transmission (sometimes called
sesqui-sideband or quasi-single-sideband) refers to
an a-m wave where one sideband is partially sup-
pressed and the other sideband not suppressed at
all. The suppression of the one sideband is such
that the transmitted video-modulated signal in con-
junction with the sound f-m signal occupies a band-
width that just conforms to the 6-mc television
channel bandwidth.

To understand the character of the transmitted
video-modulated signal.as far as its bandwidth is
concerned, let us refer to an ideal television chan-
nel response as seen in [Fig. 2-3. This response

Fig. 2-3.-—Ideal re-
sponse curve for tele-
vision channel 1. The
curve is 6 mc wide,
with the videocarrier
1.25 mc away from
the lower end of the
@915 band and the sound

carrier 4.5 mc above
the video carrier.
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curve is assumed to be that for channel number 1,
although it will hold for all the other channels
with the proper upper and lower frequency limits.
This curve represents the ideal characteristic of the
transmitted television signal as well as that of the
r-f section of the television recciver. According to
the I'CC, the sound carrier shall have a frequency
0.25 mc lower than the upper frequency of the
channel in question. This means that for channel
number 1 (44-50 mc) the sound carrier frequency
would be 49.75 mc. The FCC also stipulates that
the video carrier frequency shall be 4.5 mc lower
in frequency than the sound carrier frequency. This
means that for channel number 1 the video carrier
would be at a frequency of 4525 mc. Since cach
channel is 6 mc wide and we have already used
475 mc of it (from 4525 to 50 mc) all that re-
mains is 1.25 mec, which is at the low frequency
end of the channel. For channel number 1 this 1.25-
me limit is between 44 and 45.25 mc.

Since a double-sideband video-modulated signal
will have a total bandwidth of 8 mc with each side-
band having video frequencies up to 4 mc, then
from the ideal response characteristic of Iig. 2-3
we see that the, lower frequency sideband is the

one that is partially suppressed. The upper fre-
quency sideband will be at a frequency limit of
4 me plus the video carrier signal and for channel
number 1 this will be 4 plus 45.25 or 49.25 mc.
Thus, from Fig. 2-3, this upper sideband is seen to
fall well within the frequency response of the
channel without infringing upon that part reserved
for the sound f-m signal which will be at a maxi-
mum of 50 kc wide. Consequently we see that in
the vestigal-sideband transmission of a video-mod-
ulated signal, it is the lower sideband which is
partially suppressed without suppression of the up-
per sideband.

Examining the video part of the frequency re-
sponse characteristic of Fig. 2-3 brings a few perti-
nent facts to light. It is the high-frequency end of
the lower sideband that is suppressed and the low-
frequency end that remains. (Those parts of the
sidebands closest to the video carrier signal con-
tain the low video frequencies. This means that in
this type of vestigal-sideband transmission the high-
er frequency video signal components are weakened,
which effectively means that the lower frequency
components are strengthened. Much of the video
energy is located primarily in the low-frequency
signals. These low-frequency components of the
video signal determine the background of the re-
ceiver picture detail.

Operating Bandwidth Characteristics

The bandwidth characteristics of Iig. 2-3 are
ideal and in practice the straight line sides of the
response curve are not obtained. In the television
transmitter, special filter networks are employed
to suppress the lower frequency sideband and the
side of the response curve that results is not a
vertical line as was shown in TFig. 2-3. It is quite
difficult and expensive to design a filter that has
a straight vertical line cutoff characteristic. Ior sin-
gle-sideband transmission without any frequency
discrimination of the sideband passed and likewise
without passing any part of the suppressed side-
band, a very sharp cutoff filter would have to be
employed. With vestigal-sideband transmission n
television, such a sharp cutoff filter is no longer
necessary.

In the television system we have to deal with a
number of frequency response curves to understand
fully the different bandwidth characteristics of
the system. There is the over-all video-modulated re-
sponse of the video or so-called television trans-
mitter, the response of the sound f-m transmitter,
the response of the input or r-f section of the re-
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ceiver, and the over-all video response of the re-
ceiver. This last frequency response characteristic
includes that of the video i-f stages as well as the
r-f stage. For most pra'ctical purposes the response
of the r-f section of the receiver should be a com-
bination of the video-modulated and sound f-m
transmitted signals.

The sound f-m signal itself occupies a very small
part of the 6-mc channel. Its maximum bandwidth
is 50 ke (25 ke on either side of its center fre-
quency) for 100-percent modulation. Let us refer
to Fig. 2-4 which is an over-all picture of the band-
width of a 6-mc channel which takes into account
the video-modulated and sound f-m signals. This
bandwidth characteristic is illustrated for 0 to 6
mc so it will be applicable to any channel. To use
it for any channel all that must be done is to apply
the proper frequency limits. The left-hand side of
the curve illustrates the video response and the
right-hand side shows that of the sound f-m re-
sponse. The video response is seen to have sides
that are sloping rather than straight lines. The up-
per video frequency sideband which is a maximum
of 4 mc wide lies in the channel between 1.25 and
525 mc. The sound f-m signal has a maximum
bandwidth of 50 ke (25 kc on either side of its cen-
ter frequency) and thus occupies only a small por-
tion of the channel.

The 0.5-mc separation between the sound carrier
and the upper limit of the video frequency side-
band is enough separation to prevent any overlap-
ping of the video and sound f-m signals. This is
better illustrated in I'ig. 2-5 which is an enlarge-
ment of the upper frequency end of the television
channel. The frequency separation between the
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