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STUDY SCHEDULE NO. 49
For each study step, read the assigned pages first at your
usual speed, then reread slowly one or more times. Finish
with one quick reading to fix the important facts firmly in
your mind. Study each other step in this same way.
[J 1. Basic Principles of Television................ Pages 1- 4
How television signals are transmitted and received. their limitations. and
the basic equipment necessary for their transmission are discussed.
[1 2. Image Scanning in Television................ Pages 4-11
A description of how a scene is broken down into elemental impressions.
and how these impressions and the necessary synchronizing signals are
transmitted in a sequence of pictures.
] 3. The Cathode-Ray Tube as an Image Reproducer. . Pages 12-16
In the television receiver the cathode-ray tube reassembles the elemental
impressions to reproduce the television signal on the screen.
- . . OU are now beginning your special THE TV CARRIER SIGNAL
M 4. TmageDetail................ ... ... ........ Pages 17-20 o . ’ _
\ descrinti ¢ the f hic} o , ; , training in the field of television. The process of scanning that breaks
A escription of the factors which are required to give pictures gooc Thi . . . . . . p
5 . . ' 1is first Lesson will give you an Aaviand wpehE AR
definition withoiit ficker. ' : g Jou ¢ up a televised scene Into successive
understanding of modern television, gjonal elements results in a frequency
] 5. Interlaced Scanning............. e e ... Pages 21-23 showing how it is possible to see on the  ange for picture signals of from zero
How 60 pictures per second are used to reduce flicker within the band- screen of a picture tube in a receiver a 4 more than 4,000,000 cycles (4 mega-
width requirements of a 30-picture-per-second system. scene that is at that same instant tak-  .ycles, abbreviated 4 me.) per second.
. . ing place miles away and being viewed  Thus the television sional covers -
[] 6. Brightness and Contrast Controls............. Pages 23-26 : _"I L : [hus t_}"' television signal covers more
i . . : o ; oy the television camera. space in the radio spectrum than the
These two important controls in television systems are discussed and the In the NRI Television Lessoiis you . F .
principles of operation and adjustment are given. SN = e entire broadeast band. For thl.T reason
will find presented in a simple, logical,  only very-high frequency carriers are
[] 7. Television Signal Standards................. . Pages 26-31 and understandable manner the impor-  gyitable for transporting through space
The technical standards of television signals and synchronizing pulses which tant principles underlying all phases 4 sjonal that has a frequency range
affect both transmitter and receiver operation. of modern television systems. After ,f gver 4 megacyeles. With ordinary
s 3 . mastering these Lessons you will find ati -actices. such as are use
1 8. Fundamentals of TV Receiver Operation. . ... .. Pages 32-36 . ' ) . : f””‘]“l‘ltmn pracuces, ‘\”(_h as are used
o . . . . : it easy to understand the operation of iy the broadeast band, this means that
I'he passage of sound and sight signals through a typical TV receiver i TN gal Then von will Tegen ) i
and the basic controls which will be encountered. e A JOL ) 5 the frequency range of each TV sta-
how to service TV sets. You will learn  tion would be over 8 megacycles.
] 9. Answer Lesson Questions, and Mail your Answers the basic techniques employed, and However, by partially suppressing one
to NRI for Grading. the difference between servicing broad-  side band, this range is reduced to less
5 5 cast receivers and servicing TV receiv-  {han 6 megacycles and each station is
[J 10. Start Studying the Next Lesson. ers.  You will also be shown how to  yllocated a channel 6 megacycles wide.
make installations and you will in- Consistent television reception at
struct the customer in the operation oreater-than-line-of-sight distances is
COPYRIGHT 1950 BY NATIONAL TELEVISION lNSTITUTE, \X/ASHlNGTON, D. C. ('f h]\ ]'(‘Cpi\'(‘]'. now (](\ﬁnifp]\' a ]'(\;]]ifl\'. '[‘hig was
(An Affiliate of the National Radio Institute) “ 1'/,,7,},,;,,,,/, above, courlesy RCA. considered impossible for many years
IDEM250 Printed in LLG.A.
STEAM POWERED RADIO.COM




by most engineers as well as by the
Federal Communications Commission.
The general theory was that the sig-
nals traveled in a straight line and that
once line-of-sight distances had been
exceeded, signals dropped off in
strength so rapidly that they were not
usable. The fact that these signals
travel in a straight line is correct, but
the point that was generally over-
looked was that refractions (bending
of the signals) occurred and that it
was possible to use these refracted

Channel Channel
Number Freq. Mec.
2 54—-60
3 60-66
1 66-72
5 76-82
6 82-88
7 174-180
8 180-186
9 186-192
10 192-198
11 198-204
12 204-210
13 210-216

signals to produce satisfactory pic-
tures at distances of two and three
times line of sight. These refracted
signals are a normal occurrence and
are always present at distances up to
approximately 100 to 125 miles, de-
pending upon the height of the trans-
mitting and receiving antennas.
When actual practice proved that
long-distance television reception was
possible, the Federal Communications
Commission found it necessary to stop
all television station construction per-
mits because stations that were located
less than 300 miles apart were inter-
fering with each other. This inter-
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ference manifested itself in the form of
black lines running through the pic-
ture, commonly referred to as “vene-
tian blinds,” also the audio was
garbled. This stoppage of construc-
tion permits was to allow time for the
FCC to study and rectify the already
existing situation. It appears that in
the future the ultra-high frequency
spectrum in the neighborhood of 500
megacycles will be opened up, and that
station permits will be issued so that
the number of TV stations may be in-

FIG. 1. That portion of the spectrum
between channels 6 and 7 is assigned to
FM and other services. and the fre-
quencies from 54 me. to 88 me. and
from 174 me. to 216 me. are reserved for
TV transmission.

creased. The higher the carrier fre-
quency, the more the signal acts like
light rays and the less chances there
are of interference between stations
located fairly close together.

The Federal Communications Com-
mission originally alloeated thirteen
channels to television, extending from
44 megacycles to 216 megacycles.

(‘hannel No. 1 was eliminated and at

the present time there are twelve TV
channels, designated by their original
numbers, 2 to 13, with the frequency
coverage shown in Fig. 1. Additional
assignments of TV channels will be in
the ultra-high frequencies.

2

1TV IS AN EXTENSION OF
RADIO PRINCIPLES

A television camera is needed to
pick up picture signals in a television
studio, and a special reproducing de-
vice is required at the receiver to re-
produce the transmitted picture.
Between these two special devices we
find a great many familiar radio cir-
cuits. At the television transmitter
there is a master oscillator that gener-
ates the r.f. carrier, together with r.f.
power amplifiers, a modulator, linear
r.f. power amplifiers, and a transmit-
ting antenna. At the receiving loca-
tion the television signals are picked
up by an antenna, and are amplified
and selected in the preselector of the
television receiver. The superhetero-
dyne circuit is used in television sets
and hence the receiver will have an
r.f. amplifier, a mixer first detector,
a local oscillator, an i.f. amplifier, a
second detector, and a picture-signal
amplifier, all of which prepare the
received signal for the picture-produc-
ing device.

The sound accompaniment for a
television program is handled in es-
sentially the same way as in f.m.
program broadecasting. However in
television the frequency deviation of
the sound signal is limited to+ 25 ke.

In a television receiver you will
find tubes, coils, resistors, condensers,
transformers, ete., just as in ordinary
broadcast receivers. In many in-
stances, as yvou will learn later, some
of the parts do not have the same
physical appearance but many are
identical.

Television circuits may be exactly
the same as radio circuits or there
may be entirely new circuits developed

(o meet special requirements of pic-
ture reception.

Sounds, no matter how complex, are
inherently a succession of signal in-
tensities. Unfortunately, a scene does
not exist in this desired state. There-
fore a scene must be converted into
a succession of signal intensities by a
process of scanning, as the first step
in sending images by radio or wire.
The television camera provides this
scanning, and feeds into the television
system a signal corresponding to that
fed into a radio system by a micro-
phone. The succession of signal in-
tensities in a television signal is han-
dled by the transmitting and receiving
systems in a more or less conventional
manner. These varying intensities
must be reassembled in proper order
and position by an image-reproducing
device at the output of the receiver
in order to reconstruct the original
scene. The image reproducer in a
television receiver corresponds to the
loudspeaker in a broadcast set.

The scene is taken apart at the
transmitter so that it can be sent
as a succession of signal intensities
and must then be properly reassembled
at the receiver. To do this the cir-
cuit that controls the scanning at the
television camera must also control
the scanning process at the receiver.
This act of controlling the receiver
seanning system so that it is in step
with the picture camera is referred
to as synchronization, and the signals
that do this are known as synchroniz-
ing signals. (They are commonly re-
ferred to as synec signals.) The sync
signals are produced by special oscil-
lator circuits and are sent out on the
carrier along with the picture and



sound signals in a conventional man-
ner. At the receiver the sync signals
are separated from the picture signals
by special circuits that are not found
in the usual broadcast set. In the
final analysis, however, all these spe-
cial circuits are based upon extensions
of well-known radio principles.

Once the requirements of a televi-
sion system are recognized, the special
circuits will seem quite natural rather
than something strange and new. By

studying the process of scanning first,
giving special attention to the sync
signals, and the circuits that handle
these signals we can make television
circuits seem just as logical and under-
standable as ordinary radio circuits.
This Lesson is primarily intended to
acquaint you with the important prob-
lems in television and later Lessons
will go into details on the various cir-
cuits and the actions that take place
in them.

Image Scanning in Television

Television involves a transmission
of intelligence that reaches our brain
through our eyes. First, let us con-
sider what the eye sees when it looks
at an object. Ordinarily, it looks at
reflected light, made up of electro-
magnetic waves; occasionally, it looks
directly at light sources such as elec-
tric lamps, a fire, or the sun. The eye
sees color because the electromagnetic
waves in the visual band have differ-
ent frequencies, each frequency or
group of frequencies giving, through
the action of the brain, a color sensa-
tion. The human eye serves as a com-
plicated lens (much like the lens in
a camera), for it projects these electro-
magnetic waves on the retina, a sur-
face at the back part of the eye. This
retina has millions of nerve endings,
each of which is connected to the
brain. These nerve endings interpret
the strength of each electromagnetic
wave that hits them (determined by
the brightness of the object) and they
also interpret the frequency of the
wave (the color of the object). Each
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nerve ending “sees” only a tiny por-
tion of the entire scene; the brain re-
constructs the over-all picture by as-
sembling all the nerve impulses. Thus,
the eye breaks up the scene into two
elements, each of which is transmitted
over a separate nerve channel to the
brain.

One scientist calls the human eye
nature’s own television system. The
object viewed acts as the transmitter
system sending out electromagnetic
waves. The eye, acting as a receiver,
picks up the waves and relays them to
the brain to give us the sensation of
seeing.

A SUGGESTED TV SYSTEM

This action of our visual mechanism
suggests the construction of a tele-
vision system. Why not arrange
thousands or millions of tiny electric
eyes on a screen to pick up the light
waves, and connect these by thousands
of wires of radio-frequency transmit-
ters to a receiver containing thousands
of tiny glow lamps? FEach of these

would reproduce the amount of light
picked up by its corresponding elec-
tric eye, so the combination of all the
lamps would reproduce the object
viewed by the transmitter. Yes, a
television system like this has actu-
ally been tried for land-wire television,
but only on a small scale. The scheme
was found to work after a fashion,
but obviously it was far from prac-
tical, for entirely too many wires
were necessary.

PRACTICAL TV SYSTEMS

The television systems in use today
do not attempt to pick up a complete
scene and transmit it to a receiver
all at once. Instead, television takes
advantage of an eye characteristic
known as persistence of vision—the
ability of the eye to retain an impres-
sion of an object for a short time after
the object has disappeared from view.
This makes it possible to send a por-
tion of a scene at a time; just so the
entire scene is transmitted before the
eve has had a chance to “forget” the
first part of it.

The scene is broken up into ele-
ments by scanning, or by viewing a
small portion of it at a time. Scanning
is an operation very like what you
are doing now as you read this page.
You don’t look at the page and at-
tempt to read every word in one
glance. Instead, you read the first
line from left to right, swinging back
quickly to the left-hand side of the
second line, read the second line, go
back to the beginning of the third.
and repeat the process until you have
taken in every word.

That is just about what a television
camera does. (This camera is the

pick-up device in a television system,
corresponding to the microphone in
the radio system.) In effect, an “eye”
in the camera travels over the top
edge of the scene from left to right,
swings quickly back to the left-hand
side, moves down slightly, travels
horizontally over the scene again, and
repeats the process until the whole
scene has been scanned. As you no
doubt know, or have guessed, this
“eye” is really a light-sensitive sur-
face that converts the light received
from the scene into an electric cur-

A

FIG. 2. The drawing at A is reproduced

as a series of lines at B and C. Greater

detail is obtained by using more lines,
as at C.

rent. This current, which of course
varies as different parts of the scene
come into view of the scanning eye,
is then transmitted by radio to the
receiver. At the receiver, the process
is reversed, and the original scene is
traced out line by line.

This is a highly simplified version of
how a television system works, but
it will serve to show you the basic
idea of operation. Right now, the
important fact for you to grasp is
that a scene is televised “bit by bit,”
and not as a whole.

Fig. 2 illustrates the general effect
produced when a scene is scanned.



Suppose we wish o televise a pleture
like that shown in Fig. 2A.  After
it has been scanned by the camera,
transmitted to the receiver, and re-
produced on the receiver screen, it
will appear as shown in Figs. 2B and
2C. That is, it will consist of a series
of lines; these lines will vary in bright-
ness along their length, and so make
up the picture we see. The more lines
we have in a given area, the greater
the detail of the final picture. Fig.
2C, which has 120 lines, exhibits more

OBSERVER

SCANNING
DISC

PICTURE
ELEMENT

controls of the receiver, you will see
the individual lines. If you move
back only a few feet it will cause them
to blend together and give good defi-
nition.

How Scenes are Scanned and Re-
produced. Before considering the
technical details of breaking up a
scene into a number of lines, it will
be valuable to get clearer ideas of
how a scene is taken apart or scanned,
and how a scene is reproduced.

SCANNING
MASK ~.____  DIsC

S -

FIG. 3. This diagram shows an elementary mechanical scanning disc system. If the

disc is rotated rapidly enough, the observer will be unconscious of its presence, as
persistence of vision will allow him to apparently see the entire scene, although he is
actually viewing only a tiny spot at a time.

detail than Fig. 2B which has only
60 lines.

Note that as you move the illustra-
tions in Fig. 2 farther and farther away
from you, a point is reached for each
illustration where the details seem to
blend into a complete and nearly per-
fect reproduction of the original. This
brings out an important fact about
television: if a reproduced picture is
made larger without increasing the
number of lines, the picture will have
to be viewed from a greater distance to
get a satisfactory eye impression. This
is particularly noticeable in picture
tubes 15 inches or larger. When you
are close to the screen, operating the
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MECHANICAL SCANNING
METHODS

Even though mechanical methods of
scanning are considered inadequate
today, except for some experimental
work in color television, we will con-
sider them first since they are easier
to understand and will help you to
understand the electronic scanning
methods.

Punch a hole with a pin in the
center of a small business card and
hold the card up to one of your eyes
so that you can look through the hole.
Turn to some object or scene. Notice
that you can see only a small part of
the scene through the tiny hole. Now

ove the card horizontally from left
to right; you see all the portions of
the scene along the line that you are
scanning. Move the card back and
forth horizontally while shifting it
vertically downward a little at the
end of each line and your eye will see
the entire scene, piece by piece.

The Scanning Dise. In place of
this card-scanning device we can use
the system shown in Fig. 3A, in which
a large number of holes are arranged
in a spiral fashion on a rotating disc
called the scanning dise. This disc
really replaces the business card that
we used in our previous example. One
complete revolution of the dise gives
one complete scanning of the entire
picture, because each hole in the disc
scans one line. If the disc is re-
volved fast enough, the visual sensa-
tion is the same as though the entire
picture were being seen at one time.

The exact arrangement of the holes
on the scanning disc is shown more
clearly in Fig. 3B. The observer is
viewing the scene through the mask,
a rectangular opening in a piece of
black cardboard. As the disc is ro-
tated, each hole moves across the
opening in the mask, the outermost
hole in the spiral moving across the
top of the opening and each succeed-
ing hole moving across one line down.
Finally, when the innermost hole has
moved across the bottom of the open-
ing, the outermost hole again scans the
top line and the entire scanning proc-
ess starts over again.

MECHANICAL TV
TRANSMITTERS
If the observer in Fig. 3A is re-
placed with a light-sensitive cell, this

cell will deliver a varying electric
current that is at all times proportional
to the amount of light that is reaching
the cell, and therefore proportional
to the shade of lightness or darkness
of the element of the picture that is
being scanned at a particular instant.
This arrangement gives us a means of
converting a picture or scene into a
varying electrical current. This cur-

e,

Courtesy Don Lee Broadcasting System

The engineer is holding an electronic

pickup tube such as is used in tele-
vision studios. Scanning is accomplished
within this tube by electronic means.

rent, or picture signal, can be ampli-
fied and placed on a radio carrier for
transmission through space. At the
receiver, a carrier can be demodulated
and the picture signal amplified suffi-
ciently to operate a picture reproducer.

MECHANICAL TV RECEIVERS

In the early television receivers, the
amplified picture signal was fed to a



neon glow tube like that shown in
Fig. 4A. This lamp consisted of a
wire anode and a rectangular flat
metal piece (the same size as the
reproduced picture) that served as a
cathode. These elements were en-
closed in a gas-filled envelope. A red
glow of light formed on the plate
when sufficient voltage was applied
between the electrodes; the intensity
of this glow varied with the applied

CATHODE

GLOwW
LAMP

AREA OF IMAGE

|- DISC

o

FIG. 4. An early type of mechanical
television reproducer. The glow-lamp
light depended on the brilliancy of the
spot being scanned at the transmitter at
that moment. The scanning disc is syn-
chronized (in step) with the transmitter
dise so that it arranges the light elements
in their proper sequence.

voltage. The amplified picture signal
was made to change the applied volt-
age, thus changing the intensity of
the glow.

A pin-hole scanning disc was ro-
tated before the glow lamp in such
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a way that the holes scanned the glow-
ing plate. The transmitter and the
receiver were so synchronized that
when the scanning disc at the trans-
mitter started to scan the top line of
the scene, the receiver scanning disc
likewise started to scan the top line.
Line-by-line scanning discs were kept
in step or in synchronization, so that
the intensity of the glow lamp at any
instant corresponded to the intensity
of the light reflected from that same
element on the actual scene. The ar-
rangement of the scanning disc and
the glow lamp are shown in Fig. 4B.
The lens shown is a magnifying glass
that is used to enlarge the image to
three or four times the size of the
glow lamp plate.

ELECTRONIC TV
TRANSMITTERS

Although present-day methods of
scanning in picture reconstruction dif-
fer greatly from the method just de-
scribed, the principle of breaking up
the picture into a number of elements
that are scanned line after line is still

used. Fig. 5 illustrates the basic ele-
ments of an electronic television

camera. The scene is focused on the
photoelectric plate by a high-grade
camera lens combination. This light-
sensitive photoelectric plate consists
of millions of tiny light-sensitive
spots, each insulated from the others
and each scarcely larger than the point
of a pin. Under a microscope this
plate looks as if it were covered with
orains of sand.

When a scene is projected on the
photoelectric plate by the lens, the
action of light drives out the electrons
from each of the tiny light-sensitive

units. These electrons pass through
the space in the tube to a conducting
surface on the inside of the glass
envelope, which is at a high positive
voltage and therefore attracts the elec-
trons. The action of light thus leaves
the photoelectric plate elements more
or less positively charged (because
they have lost their electrons).
Naturally, the amount of electron
loss from any given section of this
photoelectric plate depends upon the
amount of light reaching that section.
Thus, some spots on the plate are more

OPENING FOR OPERATOR
TO VIEW IMAGE IN wnoc\

VERTICAL
ADJUST

AMPLFIER

DEFLECTING.
YOKE

ELECTRON
GUN

FIG. 5. A cut-away view showing the
arrangement of parts inside one type of
electronic television camera.

positively charged than others, and we
actually have an electronic image of
the scene. An electron gun now shoots
a fine stream of electrons at the photo-
electric plate. Electromagnetic deflec-
tion coils (here designated as the “de-
flecting yoke”) shift the electron beam
horizontally and vertically, one line
at a time, to scan the entire photoelec-
tric plate from top to bottom. When
this electron stream strikes a posi-
tively charged surface, that surface
recovers its electrons and, in so doing,
relays the charge to a flat metal sup-

porting clectrode that is back of, but
insulated from, the photoelectric plate.

In this manner, an electronic im-
pulse is relayed from each spot that
is hit by the electron beam. The size
of each impulse corresponds to the
amount of light striking the spot, so
the sum of all the impulses (sent one
at a time) constitutes a picture signal.

The supporting electrode collects the
picture signal and, after a great deal
of amplification, the picture signal is
placed on a carrier wave and trans-
mitted through space, just as in the
mechanical television system. In ad-
dition to this, impulses are sent at the
end of each vertical scan or frame of
a new picture, to keep the image-
reconstructing device in step with the
scanning mechanism at the transmit-
ter.

While the picture and synchronizing
signals are being sent out, a sound
carrier is also being transmitted. This
carrier is always separated by 4.5
megacycles from the picture carrier.
The sound is transmitted by f.m.
modulation in essentially the same
way as in f.m. program broadcasting
except the frequency deviation is plus
or minus 25 ke., which is much less
than ordinary f.m. modulation. How-
ever, the sound signal of a TV system,
if a satisfactory audio amplifier is
used, is entirely adequate.

ELECTRONIC TV RECEIVERS

Fig. 6 shows a simplified diagram
of a typical electronic picture recon-
structor. This employs an electron
gun and two sets of electromagnetic
deflecting coils. Special oscillators
generate the current pulses that flow
through these coils; the oscillators are



PICTURE

DEFLECTING
1 SIGNAL

COILS

SPECIAL l

SCREEN
FIG. 6. A simplified diagram of an eleec-
tronic picture reconstructor tube.

ELECTRON
GUN

controlled by the synchronizing im-
pulses sent out by the transmitter.
A spot of light appears on the fluores-
cent screen at the end of the tube when
it is hit by the electron beam that is
produced by the electron gun; the
brilliance of the spot increases with
the number and speed of the electrons
in the beam. The picture-signal volt-
age controls the speed and number of
electrons in the beam by means of a
special grid electrode, and the deflect-
ing coils carry the current which re-
sults in the scanning of the beam
across, and up and down, the screen.
The combined action is such that while
the beam is sweeping across the screen,
its intensity is changing continually in
accordance with the picture signal,
and the effect of “painting” light on
the screen is secured. The current
through the deflecting coils is pro-
duced by special circuits that are kept

in step with the scanning at the trans-
mitter by special signals commonly
called vertical and horizontal sync
pulses.

During the transmission of a tele-
vision signal the horizontal sync pulse
exists for an instant after each line
has been scanned and the vertical sync
pulse exists for a longer period after
each frame has been scanned. (A
frame is one complete scanning of
every part of the picture that is being
transmitted.) It is not necessary for
the video signals to exist while syne
pulses are being transmitted and as
a matter of fact the video (picture)
signals are stopped entirely during the
transmission of sync pulses.

There is sufficient difference be-
tween the horizontal and vertical sync
pulses so that they may be readily
separated at the receiver by R-C filters
and applied to the proper control cir-
cuits. This separation can easily be
accomplished, because the vertical
syne pulse lasts a much longer time
than does the horizontal sync pulse,
and by allowing the sync pulse volt-
ages to build up across a condenser
it is possible to use capacities of such
size that they will definitely diserimi-

o+ LINE TIME OF
IMPULSES I-nm:z LIN!Q’ FRAME IMPULSE
T . VP S / ______ ~ ___BLACKER THAN
ImpuLs: BLACK LEVEL
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FIG. 7. This diagram shows the three essential components of a television signal—
the video signal, the horizontal sync pulse, and the vertical sync pulse. This is a
modulated d.c. signal. Since the picture signal voltage swings in a negative direction
with increases in line brilliancy, we have what is known as a negative picture phase.
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nate in favor of either the horizontal
or vertical syne pulse. This, too, will
be described in detail later on. The
three basic components in a television
signal (the picture or video signal,
the horizontal sync pulses, and the
vertical sync pulses) are transmitted
as shown in Fig. 7. The r.f. carrier
will be considered later and hence is
not shown in this diagram.

First of all, notice that this tele-
vision signal is a pulsating d.c. signal
with all its components above the zero
voltage line, which is known as the
white level. The video or picture sig-
nal is contained between the white
level and the black level. The sync
pulses are all between the black level
and what is commonly known as the
blacker-than-black level. In other
words, signals that swing above the
black level do not cause any lines to
become visible on the face of the pic-
ture tube.

The vertical syne pulse lasts about
three times as long as the time for one
line. The black level is 75% of the
maximum television signal amplitude.

Notice that points 1, 2, 3, 4, and 5
along the video signal, corresponding
to elements along one line of the pie-
ture that is being scanned, are for
increasing values of brightness, with
point 1 corresponding to a black ele-
mental area on the picture, points 2,

3, and 4 for gray areas, and point 5
for a white area. When increases in
brilliancy make the picture signal
voltage swing in a negative direction
in this manner, we say that the pic-
ture has a negative picture phase. The
sync pulses are kept in the region that
is never occupied by the video signal
in order to make possible the use of a
biased triode or diode tube for sync
separation of these pulses from the
video signal. You will also notice
from Fig. 7 that before and after each
syne pulse the television signal voltage
remains constant for a short interval
of time. These constant voltage com-
ponents are known as pedestals.

In am. broadcasting, the large
carrier currents correspond to the
loud sounds, and low carrier currents
correspond to the weak sounds. Ex-
actly the opposite is true in sight trans-
mission. With a very-high frequency
r.f. carrier that is modulated with a
television signal as shown in Fig. 7,
the white components of the television
signal will exist as low carrier cur-
rents and the sync pulses will exist as
large r.f. carrier currents. This type
of modulation is known as negative
modulation. Tt is necessary that the
sync pulses represent the highest cur-
rents so that they will be less affected
by noise pulses. Negative modulation
is always used in broadcasting tele-
vision programs in this country.

11



The Cathode-Ray Tube as an

Image Reproducer

While electromechanical methods of
picture secanning and reproduction are
feasible, they are far more cumbersome
than electrical methods. On the other
hand, the electrical methods, employ-
ing various types of cathode-ray tubes,
are far more satisfactory for high defi-
nition home television receivers than
any mechanical system. Therefore,
electronic systems are used ex-
clusively.

The two main types of cathode-ray
picture tubes in use today are the
electrostatic and the clectromagnetic
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FIG. 8. Essential elements in a cathode-
ray tube of the electrostatic deflection
type used for image reconstruction in
small inexpensive television receivers,

types. In the electrostatic type, focus-
ing and sweeping are done by apply-
ing voltages to various electrodes in
the tube. In the electromagnetic type,
focusing and sweeping are done by
means of magnetic fields. Both types
will be treated extensively in your
Course but in this Lesson we will con-
centrate on the electrostatic type
which is widely used in the less ex-
pensive home receivers.

The essential elements of this type
of cathode-ray picture tube are shown
in Fig. 8. They are: K—the cathode,
which emits electrons when heated;

F—the filament, which heats the
cathode; A, and A.—anodes which
accelerate the electrons and focus
them into a narrow beam; S—the
fluorescent screen, which glows when
hit by the electron beam; G—the con-
trol electrode which controls the num-
ber of electrons entering the electron
beam and thus controls the brightness
of the spot on the sereen. This elec-
trode is called the control grid even
though it looks entirely different from
the grid in an ordinary vacuum tube;
V—the vertical deflecting plates which
move the beam up and down on the
screen; H—the horizontal deflecting
plates, which move the beam hori-
zontally in either direction.

Electrode A, is always at a higher
positive potential than electrode A,.
As much as 5000 or 6000 volts may be
applied to electrode A,. The voltage
applied to electrode A, is variable and
is controlled by means of a potentiom-
eter. By varying this voltage the

"beam is focused to a sharp point.

The high voltages applied to these
two electrodes serve to accelerate the
clectrons in the beam, giving them
greater speed and hence increasing the
brightness of the image obtained on
the face of the tube.

Control grid G is always negative
with respect to cathode K, the value
of this negative potential determines
the number of eclectrons that the
cathode can force through the control
erid into the electron beam. When
correct grid and anode voltages are

applied to the tube and no voltage dif-
ference exists between the two vertical
plates and between the two horizontal
plates, the beam travels straight out
and strikes the center of the screen.
The resulting spot will be in the center
of the screen as indicated in Fig. 8.
Increasing the negative voltage on the
control grid reduces the number of
electrons in the beam and reduces
the brightness of the spot.

The negative bias between the con-
trol grid and cathode is adjusted so
that the screen is almost dark when
no television signal is present. The
television signal is applied in series
with the negative grid bias in such a
way that the spot will be black each
time a pedestal is transmitted. This
condition is secured when the pedestals
(sync pulses) line up with the bril-
liancy cut-off point on the characteris-
tic curve of the picture tube.

Video signals make the control grid
less negative, swinging the grid above
the cut-off point, thus varying the
brightness of the spot on the screen.
The syne pulses make the control grid
more negative than the cut-off voltage
so that the screen will be dark during
the very short intervals of their dura-
tion. Thus the retraces as the beam
swings back to its starting point do
not appear as lines in the picture.

The spot is in the center of the
screen only when there are no voltage
differences between the vertical de-
flecting electrodes and between the
horizontal deflecting electrodes. Now
let us see how these electrodes can be
made to move the spot to any desired
point on the screen. Referring to Fig.
9, notice that we have an electron
beam traveling between two oppositely

charged metal plates. Remember that
the electrons in this beam have nega-
tive charges; this means that the posi-
tively charged plate will attract these
electrons while the negatively charged
plate repels them, thus bending the
beam upward and causing it to strike
the fluorescent sereen at point b rather
than at a, the center. The greater
the voltage between these two deflect-
ing plates, the more bending of the
clectron beam there will be.

The electron beam, however, must
be moved in a definite manner if it is
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FIG. 9. An electron beam passing be-
tween two oppositely charged plates is
always bent toward the positive plate.

to produce an image on the television
sereen.  You will remember that the
scanning process in a television
camera involves analyzing the scene
line by line in a manner exactly simi-
lar to that in which our eyes read
this printed page. First of all, it is
necessary to have some means for
sweeping the electron beam gradually
from left to right in a horizontal line,
then quickly back again to the left,
with this horizontal line sweeping mo-
tion being repeated continuously.

We can secure a horizontal sweep-
ing of the beam by varying either the
electromagnetic or the electrostatic
field in the tube. As stated before,
the magnetic method will be studied
later. We will now study the electro-
statie sweep which is obtained by ap-
plying to the horizontal deflecting
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plates of an electrostatic type picture
tube a voltage having the characteris-
tic shown in Fig. 10. Due to the shape
of this curve we call this a saw-tooth
voltage. A push-pull amplifier is used
to drive these plates, and the signals
delivered by the amplifier tubes are
180° out of phase. Thus when one
plate is being driven positive, the other
is being driven negative.

Observe that at points 1, 2, 3, and 4
in Figs. 10A and 10B there is no volt-
age difference between the two plates.
The voltage on plate x is positive at
points 8 and 9 and negative at points
5, 6, and 7.

Conversely, plate y is positive at
points 5, 6, and 7 and negative at
points 8 and 9 (see Fig. 10C). If the
voltage is applied to plates x and y
in Fig. 9, plate x will be positive when
the voltage is following path 1-8-2 and
negative when the voltage is follow-
ing path 2-6-3 in Fig. 10B.

At the same time (see Fig. 10C)
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FIG. 10. (A) Wave form of saw-tooth

voltage used for electrostatic sweep. (B)

Sweep voltage for plate x. (C) Sweep
voltage for plate y.
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plate y will be negative when the volt-
age 18 following path 1-8-2 and posi-
tive when the voltage is following
path 2-6-3. When plate x acts as the
positive plate, then plate y is nega-
tive and vice versa.

When the charge is at point 1 the
deflecting plates will have equal volt-
ages on them and they will have no
effect upon the electron beam and the
spot will be in the exact center of
the screen. As the charges on plates
x and y approach point 8 the electron
beam will be attracted gradually and
uniformly toward plate x and repelled
in the same manner from plate y. As
the charges drop to zero again at
point 2, the spot will move rapidly
back to the center of the screen. From
point 2 to point 6 plate x will become
increasingly negative, repelling the
beam and bending it toward plate y
which is becoming increasingly posi-
tive. From point 6 to point 9 the
beam will move gradually from plate
v to plate x, and from point 9 to point
7 the beam will move rapidly back
toward plate y again.

We have seen that a saw-tooth volt-
age of the form shown in Fig. 10A
will produce the desired sweep of the
electron beam. If this saw-tooth volt-
age is applied to horizontal deflect-
ing plates H in Fig. 8, it will cause
the spot to sweep slowly from left to
right across the screen, then return
rapidly to the left again. If this
voltage is applied to the vertical de-
flecting plates V in Fig. 8, it will
cause the spot to move gradually from
top to bottom and return rapidly to
the top again.

In the earlier part of your Course
vou made a preliminary study of the

special oscillator circuits used to pro-
duce these saw-tooth voltages. Later,
however, we will cover them again in
greater detail.

None of these circuits are absolutely
steady in frequency, and it is there-
fore necessary to send synchronizing
signals along with the television signal
for the purpose of controlling and
stabilizing the sweep circuits. One
saw-tooth oscillator circuit is required
for the horizontal sweep and another
for the vertical sweep. The horizon-
tal sweep circuit builds up its voltage
uniformly from point 5 to point 1 to
point 8 in Fig. 10A; at point 8, corre-
sponding to the end of the line, a hori-
zontal sync pulse arrives with the
television signal and causes this volt-
age to drop back to point 6 rapidly.
The building up of the voltage starts
again, only to be stopped at point 9
by another horizontal syne pulse.

Since the sharp decreases in voltage
are accurately controlled by the trans-
mitter through the horizontal synec
pulses, we know that the electron beam
in the picture tube will be swept hori-
zontally in exact synchronism with
the scanning device at the transmitter.
The vertical sweep circuit operates at
a much lower frequency, and is con-
trolled in the same manner by the
vertical syne pulses broadecast by the
transmitter.

Now let us follow the movement of
the spot on the screen of a picture
tube as it is swept back and forth and
up and down by the synec-pulse con-
trolled sweep circuits.

When the beam is under the control
of the horizontal and vertical sweep
voltages, we can consider its starting
point to be point 1 in Fig. 11, at the
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FIG. 11. The path traced on the fluores-
cent screen of a television cathode-ray
tube by an electron beam under the in-
fluence of horizontal and vertical saw-
tooth sweep voltages is shown in this dia-
gram. The wave forms of the sweep volt-
ages are shown above and at the right of
the screen; these voltages are applied be-
tween deflecting plates in each case. Thus,
when horizontal plate H: is highly nega-
tive at (1), the spot will be at the extreme
left side of the screen at point 1; when
this plate is at zero potential (a), the spot
will be at a in the center of the screen;
when this plate is highly positive (2), the
spot will be at the extreme right side of
the screen at 2; when the saw-tooth volt-
age drops suddenly back to the highly
negative value (2 to b to 3), the spot flies
back from 2 to b to 3 on the screen. Like-
wise, when vertical plate V. is highly nega-
tive (1), the spot will be at the top of
the screen at point 1; when this plate is
at zero potential, the spot will be halfway
down the screen at point 18; when this
plate is highly positive (36), the spot will
be at the bottom of the screen at point 36;
when the saw-tooth voltage drops suddenly
back to the highly negative value 36 to 1,
the spot flies up from 36 to 1 on the
screen over a zig-zag path which for sim-
plicity is shown here as a straight line.

upper left-hand corner of the screen.
Here the spot has been bent far to
the left. From this point the hori-
zontal sweep voltage gradually allows



the beam to “unbend” or return to
the center of the top line. The beam
is then gradually bent in the opposite
direction until the spot reaches the
right-hand edge of the screen. While
this action occurs, the vertical sweep
voltage is gradually moving the spot
in a downward direction; a distance
equal to the spacing between two
lines.

At point 2 a horizontal sync pulse
arrives from the transmitter, causing
the horizontal sweep voltage to move
the spot almost instantly back to the
left-hand side of the screen along the
dotted line path 2-3. This return mo-
tion is very rapid and if a trace is
made it could not be seen as such, but
sometimes, if the receiver is not pro-
perly adjusted, it will produce on the
screen a faint haze or glow instead
of a line.

This process continues for each
other line until the spot is swept to
point 36 at the end of the last line.
At this time the vertical sync pulse
arrives from the transmitter and stops
the gradual building up of the vertical
sweep voltage, causing the spot to
move back up to the top of the screen.
The vertical sweep voltage drops back
to its starting value at a rapid rate,
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but the change takes more time than
is required for a complete horizontal
sweep. As a result, the spot actually
takes a zig-zag path from side to side
as it is being returned to the top of
the screen. For simplicity the vertical
retrace is shown as a straight-line
path, 36-1, in Fig. 11. Actually, if
the receiver is misadjusted you will
see a number of diagonal lines, across
the screen, which is the vertical re-
trace.

The scanning path just described,
going from point 1 down to point 36
and then back to point 1 again con-
stitutes one complete normal scanning
of the scene or one frame. The entire
process is repeated for each succeed-
ing scanning.

When either the horizontal or the
vertical sync pulse is being sent by
the transmitter, no television picture
signal exists and the appearance of
retrace lines would only cause diagonal
streaks in the picture, marring repro-
duction. The sync pulses are applied
to the control grid of the picture tube
in the receiver in such a way that they
drive the grid highly negative, causing
almost complete cut-off of the electron
beam and thereby preventing retraces
from showing.

———

Image

A consideration of the processes of
scanning and reproduction just de-
scribed should make it clear to you
that the video signal exists only while
the spot is traveling from left to right
along the line. At all other times the
television transmitter is sending out
pedestals with synchronizing signals.
The changes in the intensity of the
video signal from one instant to an-
other produce the essential picture de-
tail. The more changes there are per
line for an actual given scene that is
being scanned, the greater will be the
amount of detail in the reproduction.

The more frames there are per sec-
ond, the better they blend and the
less chance there is for the eye to see
them individually. If too few are
transmitted, flickering results. In-
creasing the number of frames per
second reduces flicker.

Greater detail can be obtained by
increasing the number of lines per
frame. Both the number of frames
per second and the number of lines per
frame contribute to high definition, or
high-fidelity reproduction. However,
there are definite limits to the number
of lines and frames that can be handled
economically. Let us first examine the
factors that determine the high fre-
quencies.

PICTURE ELEMENTS

All television equipment must be
designed to handle the maximum fre-
quency of the picture signal current.
To calculate the maximum frequency
of a signal it is assumed that the
picture being scanned consists of a

Detail

checkerboard pattern of black and
white squares, as shown in Fig. 12,
with each square being equal in size
to one of the sensitized spots on the
photoelectric plate of the television
camera. Since each of these is the
smallest part of the scene the camera
can see, they are called picture ele-
ments. The signal current is said to
go through one cycle each time the

FIG. 12. The photoelectric plate can be
visualized as a checkerboard of dark and

light squares. Each square stands for a
light-sensitive spot or picture element.

electron scanning beam passes over
one light and one dark picture element
as shown in Fig. 13, because the signal
current goes through a maximum and
a minimum value each time this
happens.

To find the maximum frequency of
the picture-signal current, all we have
to do is compute the number of picture
elements that are scanned per second
and divide by two, since one cycle
consists of two elements.
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If each picture element is considered
to be as high as it is wide, it is easy
to compute the number of elements
in one complete picture. For example,
in a square picture with N lines there
will be N picture elements per line,
or N times N picture elements in the
complete square picture, which is
known technically as one frame. For
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FIG. 13. The signal goes through one
cycle each time the beam passes over one
dark and one light element.
example, at present the television
standards call for a 525-line picture.
Hence, in a square picture there would
be 525 times 525 or 275,625 picture
elements. For ordinary calculations,
276,000 elements will be sufficiently

accurate.

Aspect Ratio. The pictures that
are commonly involved in television
are not square, however. They are
wider than they are high as shown in
Fig. 14. The width of a picture divided
by its height is ealled the aspect ratio
which, in order to conform to motion
picture standards, has been standard-
ized at 4/3 or 1.33. This means that
the number of elements in each line
has been increased by the aspect ratio
which we will designate as A. Now
the number of picture elements per
frame, or picture, will be N times N
times A. For the example just con-
sidered, the total number of elements
will therefore be 276,000 times 4/3,
or 368,000.

STEAM POWERED RADIO.COM

FRAME FREQUENCY

The number of pictures sent per
second is the frame or picture fre-
quency. It is designated as F. By
multiplying the number of elements
in a frame by the frame frequency,
we get the total number of picture ele-
ments per second. This total number
of elements per second is N times N
times A times F. Since it takes two
picture elements to make a cycle, we
get the maximum number of cycles
per second by dividing this formula
by two. The standard frame fre-
quency is 30. In our example, then,
we get the frequency involved by mul-
tiplying 368,000 by 30 and then divid-
ing by 2. The result is 5,520,000
cycles per second.

SYNCHRONIZING PULSES

In practice the picture is scanned
only about 85% of the time. The
remainder is used for horizontal and
vertical sync pulses. This increases
our maximum picture frequency be-
cause it crowds our elements inte 85%
or 85/100 of a second. We, therefore,
multiply our computed value by 1.17,

N ELEMENTS PER LINE
A\

N LINES

4

3 < N ELEMENTS

FIG. 14. When the picture is changed
to the rectangular form shown here, the
elements of a square picture are multi-

plied by 4/3.
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making the maximum theoretical
picture frequency 1.17 times 5,520,000,
or approximately 6,460,000 cycles.

In our analysis of the theoretical
maximum frequency we have assumed
that there is always a sharp contrast
between adjacent elements of a scene.
This is not true in practice. Several
adjacent picture elements may reflect
the same or nearly the same amount
of light. Also, in moving scenes, it is
not necessary to transmit slight varia-
tions between adjacent elements. This
is illustrated roughly in Fig. 15. Ac-
tually, the picture would be broken up
into much smaller elements, but even
here with the relatively large squares
vou can see that in many instances
there is practically no change from
one square to another. The average
scene thus requires considerably less
than the maximum frequency. Prac-
tice has shown that apparatus capable
of sending about 60% of the maximum
theoretical frequency is satisfactory.
Since the maximum number of cycles
was assumed in our example, we mul-
tiply 6,460,000 by .6 and get about
3,900,000 cycles or 3.9 megacycles, as
the actual frequency. Any increase
in this frequency up to the limit of
4.5 megacycles that is permitted with-
in a television band gives a definite
improvement in fidelity.

Monotones Require Very Low
Frequencies. The upper part of an
outdoor scene, like the sky, as shown
in Fig. 16, is usually bright, while the
lower part is considerably darker.
The picture elements in such a scene
vary in light intensity at a high level
for the upper half of the picture and
at a low level for the remainder. This
gives one cycle of change from light

to dark for each scanning. Transmit-
ting these changes properly calls for
a low frequency corresponding to the
vertical scanning frequency (the frame
frequency). However, within the back-
ground, satisfactory reproduction of
the slow changes in intensity requires
frequencies down to at least 10 cycles.
Therefore, for a 525-line picture with
an aspect ratio of 4/3 and a frame fre-
quency of 30, the picture frequency
ranges from 10 cycles to about 3.9
megacycles.
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FIG. 15. Not all the neighboring spots

on a line vary in shade. This reduces
the necessary maximum frequency.

FLICKER

The human eye is sluggish in its re-
sponse to moving objects, for it con-
tinues to see an object even after
the object has disappeared. Motion
pictures depend upon this persistence-
of-vision characteristic of the human
eye. In a motion picture projection
twenty-four separate still pictures per
second are flashed upon the screen in
sequence, but the eye sees a continuous
action rather than a series of sepa-
rate pictures. The eye can detect in-
dividual views up to a rate of about

19



10 pictures per second, but above this
rate the scenes blend together, accom-
panied by pulsating light impressions
which give the effect of flicker. At
about 20 pictures per second the blend-
ing of pictures into motion is almost
perfect, but flicker is still not entirely
absent. Even at 24 pictures per sec-
ond, the standard in the motion pic-
ture industry, flicker can still be
noticed. For this reason motion pic-
ture projectors have a shutter in front
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FIG. 16. Changing from a bright sky to

a dark foreground once each frame, as in
a scene like this, would require a 30-

cycle frequency. Others with less vari-
ation could require frequencies as low
as 10 cycles.

of the lens that breaks up each still
picture into two separate views, giv-

quency (number of pictures transmit-
ted per second). Since the power line
frequency in the United States is
standardized at 60 cycles, ripple volt-
ages at this frequency or some mul-
tiple of it will get into the video sig-
nal and the sweep voltages, tending
to cause ripple effects, wobbling of the
picture, and random movement of
bright bands on the image if the num-
ber of pictures is increased to 48, or
even 72, in order to eliminate flicker.
By using a frame frequency equal to
some sub-multiple of 60 (such as 30
or 20) or some multiple of 60 (such
as 60, 120 or 240), these ripple effects
can be removed or at least made sta-
tionary so that they will be less ob-
jectionable. Frame frequencies of 20
or 30 are still too low to eliminate
flicker entirely. On the other hand,
a frame frequency of 120 pictures per
second would increase the maximum
frequency of the video signal to an
extremely high value. There is left
then, a scanning rate of 60 complete
frames per second, which imposes quite
a burden upon the transmitting sys-
tem, insofar as maximum frequency
range is concerned. With a 525-line
image being scanned 60 complete times
each second, the upper frequency limit
for high definition becomes about 7.8

-

Interlaced Scanning

To avoid increasing the frequency
requirements of TV systems and to
eliminate flicker, a simple scanning
trick is used that makes the maxi-
mum video signal frequency -corre-
spond to that of a 30-picture-per-sec-
ond transmission while still keeping
the scanning rate at 60 pictures per
second. In this system, known as
interlaced scanning, only half of a
picture is transmitted during one com-
plete scanning. The other half is
transmitted in the next complete scan-
ning. Lines 1, 3, 5, 7 and all other odd
lines are covered during one scanning,
and lines 2, 4, 6, 8 and the other even
numbered lines are covered during the
next scanning. Two complete scan-
nings are therefore required to cover
every elemental dot area on the scene
that is being televised.

At the receiver there must like-
wise be two complete scannings to give
a complete reproduction of the image.
With interlaced scanning, the frame
or picture frequency is 30 cycles per
second, since that is the number of
complete pictures transmitted. For
each complete picture the scene is
scanned twice, so the vertical sweep
frequency (field frequency) is 60
times per second. In referring to a

in interlaced scanning two vertical
sweeps are required for a frame.

For double interlaced scanning of a
given number of lines per second at a
given frame frequency there are two
requirements: 1, an odd number of
lines per picture; 2, a vertical scan-
ning rate that is twice the frame fre-
quency.

This automatically gives scanning
of the odd-numbered lines during one
vertical sweep and scanning of the
even-numbered lines during the next
vertical sweep, with odd and even line
scanning alternating automatically.

Just how this may be done is best
illustrated by an example, but instead
of using a 525-line image that would
be too cumbersome, a lower number
of lines will be used to illustrate the
principles involved.

Suppose we divide our picture into
ten lines as shown in Fig. 17A and that
we scan this complete scene ten times
per second which gives a vertical sweep
frequency of 10 per second. This
means that one complete scanning of
the scene, starting at point 1, pro-
ceeding to 2,3,4,5 . .. 17, 18,19, 20
and then returning to point 1, will
take 1/10 of a second. Assuming fly-
back time to be negligible in these

: : _  megacycles. It is possible to make . ‘ 2o
g;% t:ftheoffg}: gxil; 8241):)0;2}:2;1:1 f:lei(;- amplifiers that will handle a range of ’ field we mean the area covered during examples, we see that it w1l} take 1/ }00
fere’nt. As you will see shortly, much from 10 cycles to 7.8 megacyeles, but one vertical sweep of the s-cenﬁ. In ?f a secsmd 1tot scan (zng lms, ;nol\;u;g
the same thing is done in television. the cost of these amplifiers is so high ().rdlnary scanning the field Is the en- from pmpt 0 poin and back to
In television the frequency of the that the production of inexpensive tire scene, but in double interlaced the starting point of the next line at

: . - : . scanning the field is only half of the point 3.
a\éalltable a.g} po‘}:/e‘r ha? co;l s1derafble :elf'av:lsslonroi)el(;:vers venld. hesms @ scene. By the frame we mean one Now suppose that we scan the scene,
FEFEEEER A IS SRS ey ’ complete scanning of every elemental which has an even number of lines, 20
area in a scene. In ordinary scanning times per second by doubling the
o this occurs for each vertical sweep, but  vertical sweep frequency. We will
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FIG. 17. These diagrams show that in-
terlaced scanning can occur only when
there is an odd number of lines in the
scene and the vertical sweep frequency
is twice the rate for normal scanning.
Under these conditions, the same number
of lines is transmitted each second with
either normal or interlaced scanning.

still be scanning the same total num-
ber of lines per second, and it will still
take 1/100 of a second to scan one
line. But now only five lines will be
covered in one complete scanning from
top to bottom. Referring to Fig. 17B,
the scanning path starts at 1 and
goes to points 2, 3,4, 5,6,7, 8,9, and
10 during one complete scanning of the
scene. Vertical fly-back now brings
us to point 11 at the upper left-hand
corner and we cover exactly the same
scanning path for the second scanning
of the scene. This shows that a tele-
vision system using an even number
of lines per picture could not secure
interlaced scanning by doubling the
vertical sweep frequency.

Now let us take an example in which
we have an odd number of lines (11)

22
STEAM POWERED RADIO.COM

per picture, and we use a vertical
sweep frequency of 10 per second as
indicated in Fig. 17C. All eleven lines
are covered in one complete scanning,
and vertical fly-back takes us directly
from point 22 back to the starting
point at 1.

Next, suppose we double the vertical
sweep frequency, giving 20 complete
scannings of the picture per second
without changing the total number of
lines transmitted per second. This
doubles the speed at which the scan-
ning spot is moved downward, so that
we arrive at point x in Fig. 17D (at
the bottom of the picture) in exactly
the same time it took to reach point
X in the middle of the picture in Fig.
17C.

In Fig. 17D, however, we have
scanned only half the lowest line when
vertical fly-back moves the spot up to
point y for the following scanning.
This time we scan along path 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, and 22.
From point 22 the spot goes back to
point 1 to start the next complete
scanning. We are thus securing inter-
laced scanning of the complete scene.

Interlacing twice, as illustrated in
Fig. 17D, is standard practice. To
secure this without changing the total
number of lines scanned per second,
which would change the picture detail,
the vertical scanning frequency must
be twice the frame frequency and there
must be an odd number of lines per
frame.

Let us now consider interlaced
scanning in terms of the standards in
use for television. With 525 lines per
frame, a vertical scanning frequency
of 60 per second, and double interlaced
scanning, the total number of lines

scanned per second must correspond to
that scanned normally with a frame
frequency of 30 per second. Multiply-
ing 525 by 30 gives us 15,750 as the
total number of lines scanned per sec-
ond. This means that the frequency
of the horizontal sweep is 15,750 cycles
per second and that the vertical scan-
ning sweep has a frequency of 60
cycles per second.

The detail in the image will corre-

spond to that of 30 complete scannings
per second of all lines in the 525-line
image.

Actually a few lines at the top and
bottom of each picture are blanked out
by the blanking system associated with
the vertical sync pulses for reasons
that will be taken up later. The sync
pulse itself prevents vertical fly-backs
x-y and 22-1 in Fig. 17D from being
visible.

Brightness and Contrast Controls

It is necessary that the television
signal that is fed between the control
grid and the cathode of the picture
tube be pulsating d.c. and that it be
applied to the tube in such a way that
sync pulses will cause darkness, and
picture signals will give various de-
grees of spot brightness. Another re-
quirement for faithful reproduction of
a scene is that the pedestals all line
up with each other at the input of
the picture tube despite any varia-
tions in the brightness of a scene. An
example of this is shown in Fig. 18
where you will note that the pedestals
in Fig. 18A have no more amplitude
than those shown in Fig. 18B, although
the video signal of Fig. 18A is far
brighter than that of Fig. 18B.

Now let us see how signals such as
those shown in Fig. 18 affect tube spot
brightness when the pedestals are
lined up with each other. Remember
that the electron beam is focused to
a small spot on the screen and that the
negative voltage applied to the control
grid of the tube determines the bril-
liance of the spot.

The control that this grid has upon
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the spot brilliancy is fairly linear with
respect to the applied grid voltage,
except that complete cut-off or darken-
ing of the spot occurs at a definite
high negative bias voltage.

This is clearly illustrated in the
curve shown in Fig. 19. Note that as
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FIG. 18. The television signal which is
applied between the grid and the cathode
of a cathode-ray tube must have a con-
stant pedestal voltage for scenes with all
degrees of brightness, and must have a
positive picture phase as shown here, so
that the video signal will be positive with
respect to the pedestal voltage, and the
impulse signals will all be more negative
than the pedestal voltage.



the video signal drives the grid of the
picture tube in a positive direction
the spot brilliancy will increase.
Points 2, 3, 4, and 5 are increasingly
brilliant and correspond to increas-
ingly positive control grid voltages.
This grid-voltage brilliancy-character-
istic curve shown in Fig. 19 is quite
similar to the grid-voltage—plate-cur-
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FIG. 19. Typical grid-voltage-brightness
characteristic curve for a cathode-ray tube
in a television receiver. Point 1 is con-
sidered the brilliancy cut-off point for
the tube, as it corresponds to a spot bril-
liance weak enough to be indistinguish-
able to the human eye.

rent (Eg-Ip) characteristic curve of
the average vacuum tube.

The negative bias on the grid of the
picture tube must be chosen so that
the pedestals in the applied television
signal will be at the brilliancy cut-off
point (point 1 in Fig. 19) on the char-
acteristic curve of the tube.

With the picture tube bias properly
adjusted, the video or picture signal
will swing the grid more positive than
cut-off, giving various degrees of
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brightness, and the sync pulse signals
will drive the grid more negative than
cut-off, so that the spot is darkened
to the point where it cannot be seen.
This is known as the blacker-than-
black region of the characteristic
curve.

When the video portion of the signal
shown in Fig. 19 is acting on the grid-
cathode of the picture tube the instan-
taneous control-grid voltage will vary
between points 1 and 5 on the curve,
and spot brilliancy will vary over the
region indicated as B. The sync pulses
associated with this signal will swing
the grid beyond visual cut-off at point
1, and hence cannot produce a spot on
the screen. As long as the pedestals
line up with the cut-off point, the
impulses cannot produce a visible spot
even with a weak video signal, and a
weak video signal, corresponding to
a dim line or a dark scene, will cause
the brilliancy to vary in the desired
manner over the lower portion of the
characteristic curve, such as between
points 1 and 2.

However, suppose that the television
signal in Fig. 19 were applied in such
a way that the pedestals lined up with
point 2. The video signal would swing
the grid voltage positive from point
2 up along the curve to point 6, which
is perfectly all right since the various
shades of brightness would appear, but
the syne pulses would only swing a
small amount below cut-off and would
not darken the spot completely. As a
result vertical retraces would be
clearly visible at the beginning and
end of each frame as shown in Fig. 20.
Such a condition would not give a
picture that is satisfactory. Hori-
zontal retraces are not seen as lines
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because their time duration 1s too short
to result in a trace visible to the eye.

Another undesirable condition oc-
curs when the pedestals are beyond
cut-off and line up with point 0 on
the characteristic curve in Fig. 19.
Under this condition, portions of the

Courtesy Philco Corp.

FIG. 20. A zigzag line rather than a
single diagonal line appears because the
horizontal sweep moves the beam from
left to right several times before the ver-
tical fly-back is completed.

video signal will swing into the dark
region beyond cut-off, causing dimly
lighted portions of the scene to appear
black instead of gray as shown in Fig.
21. This condition is just as undesir-
able as that illustrated in Fig. 20.

The operating point on the Ig-
brilliancy characteristic curve of a
picture tube may be shifted in two
different ways in order to make the
pedestals line up with the black level
(cut-off point) of the tube. One
method involves adjusting the fixed
C bias of the picture tube; the control
in a television receiver that changes
this bias is called the brilliancy con-
trol because its most noticeable effect
is a change in the brilliancy of the
reproduced image.

It is also possible to shift the
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pedestals in one direction or the other
to make them line up with the cut-off
point by changing the amplitude of
the picture signal that is applied to
the picture tube. The amount of
signal that reaches the grid of the
picture tube depends upon the ampli-
fication of the receiver, and by chang-
ing the gain of one or more stages
through which the television signal
passes we can vary the amount of
signal that will reach the picture-tube
input. The receiver control that
changes the gain is called the contrast
control, because its most noticeable
effect is a change in the amount of
contrast between bright and dark
areas of the reproduced image.

If the picture appears as shown in
Fig. 21, we can reduce the contrast
control to restore the proper relation-
ship between the bright and dark
areas. On the other hand, if the re-
ceiver amplification is too low, giving
us a flat gray picture with insufficient
contrast, the amplification may be in-
creased until the desired light and
dark relationship is obtained.

Courtesy Philco Corp.

FIG. 21. The grid bias in this case is ad-

justed so that gray portions of the test

pattern appear black, and we say the pie-
ture has too much contrast.



One point should be mentioned here
that will be gone into in greater detail
later. If the contrast is adjusted too
high on a strong local station, some of
the pedestals may be clipped by over-
loading the amplifier stages in the
receiver and it will then be impossible
to obtain proper synchronization of
the picture due to the loss of the sync
pulses.

Another requirement for a clear
image is that the electron beam be
focused to a clearly defined spot of
the correct size on the screen. Im-
proper adjustment will result in a
fuzzy picture in which the lines are not
clearly defined. An adjustable con-
trol, called the focus control, is pro-
vided to correct for errors in focusing
due to the natural aging of the pic-

ture tube or to changes in part values.

The main adjustable controls for the
sight section of a television receiver
are the brilliancy control, the contrast
control, the focus control, and the tun-
ing control. Additional controls are
also used that will be described later,
but they are generally not on the front
panel as they do not often require ad-
justment.

The controls on the front panel
mentioned above must be adjusted to
give an image that has the proper
brilliancy and the correct contrast
between elements along the line, with
no vertical retraces visible. In gen-
eral, when the brilliancy control is
adjusted, the contrast control will also
require resetting since there is some
interaction between these controls.

Television Signal Standards

In order for a television system to
be successful, the receiver must be
easy to adjust, the cost of the receiver
must be relatively low, and the trans-
mitter must have as much control as
possible over the receiver. This last re-
quirement means that the receiver and
the transmitter must be interlocked
and synchronized. Furthermore. the
type of transmission employved must
be standardized to a certain extent—
otherwise radical changes in the
method of transmission might make
all existing television receivers obso-
lete. At the same time, it would not
be advisable to set up standards in
such a way that it would be impos-
sible to make improvements in the
transmitting and receiving ecircuits.
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Standards are essential for a success-
ful television system, but these stand-
ards must be sufficiently broad to per-
mit future improvements that might
make interlock and synchronism more
reliable, or increase the definition of
the reproduced scene.

Present standards set by the FCO
for television transmission are sum-
marized below:

1. Television  Channel — Width:
("hannel Allocations. The present
standards provide for essentially single
side-band transmission and reception
(partial suppression of one set of side
frequencies results in wvestigial side-
band tronsmission), for with this
method of operation, sufficient detail
for a satisfactory image along with the
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accompanying sound can be transmit-
ted in a definite channel width of 6
megacycles. Twelve 6-me. wide chan-
nels have been allocated by the Fed-
eral Communications Commission for
television transmitters, as follows: 54
to 60, 60 to 66, 66 to 72, 76 to 82, 82
to 88, and seven other channels from
174 to 216 me. A number of very-
high frequency and microwave chan-
nels have been allocated for television
relay purposes, such as linking the
television studio to the transmitter by
radio, linking the remote pick-up point
to the transmitter by radio, or linking
together television stations in differ-
ent cities and towns to form a net-
work. There is a possibility that the
w.h.f. spectrum, around 500 me., may
be opened up for low-power transmit-
ters to serve small cities and towns.
For present-day receivers to pick up
such transmissions a converter would
be required. If such an addition to
present TV channels should be made,
such converters will be manufactured
for them.

2. Video and Sound Carrier Spac-
ing. The audio and video signals that
make up a television program cannot
be modulated on the same r.f. carrier;
cach must have its own carrier. By
agreement the sound carrier must be
exactly 4.5 megacycles higher in fre-
quency than the picture carrier. To
prevent interference between adjacent
television channels or between a tele-
vision carrier signal and services
operating on adjacent carrier frequen-
cies, it has been further agreed that
there must be a .25-megacycle wide
guard band at the high-frequency end
of each television channel. These
facts are illustrated by the chart in
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Fig. 22, that shows a typical distribu-
tion of signals in one 6-megacycle wide
television channel.

3. Frequency Relation Between
Video and Sound Carrier. An example
will best illustrate the frequency rela-
tionship existing in a television chan-
nel. Suppose that the 76- to 82-mega-
cycle channel is assigned to a partic-
ular television station. To give the
required .25-megacycle guard band at
the high-frequency end, the audio sig-

l
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FIG. 22. Distribution of signals in a
6-megacycle-wide television channel.

nal carrier must be placed at 81.75
megacycles. According to the stand-
ards, the video carrier must be 4.5
megacycles lower, or at 77.25 mega-
cycles. It is not practical to remove
all of the side frequencies below the
frequency of the video carrier, so a
portion of the channel must be pro-
vided for those frequencies that can-
not be removed. This portion is indi-
cated by the cross-hatched lines in
Fig. 22. With this arrangement of
a 6-megacycle channel, the frequency
range of television equipment can be
improved up to a maximum of about
4.25 megacycles without making exist-
ing television equipment obsolete.

4. Type of Modulation; Black Level.
Negative modulation of the picture
carrier signal is standard for the
United States. As we have already
pointed out, negative modulation
means that bright elements of a pic-
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FIG. 23. Modulated r.f. carrier signal,
with the amplitudes varying in accordance
with a television signal. A is the unmodu-
lated, and B the peak carrier level. This
entire figure represents the transmitted
side band. The vestigial side band (not
shown) is much smaller in amplitude and
would be somewhat distorted.

voltage that must exist at that point
to give a just barely visible spot on
the screen of a properly adjusted re-
ceiver.

5. Sync-Pulse Amplitude.  Both
horizontal and vertical sync pulses
must be transmitted as carrier values
higher than unmodulated carrier level
(black level). These pulses extend
from 75% (black level) to 100% of
the peak carrier amplitude. The video
signals may vary in amplitude from
the black level down to 15% of the
carrier level or lower. The general
appearance of a typical modulated
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quency has been standardized at 50
vertical scannings per second.) Since
double interlaced scanning is used in
the United States, two field sweeps are
required to analyze all of the details
once in a particular scene; these two
vertical or field sweeps constitute a
frame (one complete transmission of
the picture), and consequently the
standard for the frame frequency is
30 frames per second. As we have
already seen, there are 525 lines per
frame; this means that there are 26214
lines per field. With a 525-line pic-
ture being sent 30 times each second,
the horizontal frequency becomes 525
times 30, or a total of 15,750 lines per
second.

7. Aspect Ratio. This ratio has
been standardized at 4/3, correspond-
ing to existing motion picture stand-
ards and giving a width-to-height
ratio of 4 to 3.

(@ DETAIL BETWEEN D-D

FIG. 24. Specifications for the standard
television signal for 525-line pictures
transmitted at the rate of 30 frames per
second with double interlaced scanning,
giving 60 fields per second. In these dia-
grams H is the time from the start of one
line to the start of the next line, and is
equal to 1/15,750 second. The time from
the start of one field to the start of the
next field is 1/60 second.

Diagrams A and B show blanking and
synchronizing signals in regions of suc-
cessive vertical blanking pulses. The
black level is about .75 of the synchro-
nizing pulse amplitude.

Horizontal dimensions in these dia-

8. Synchronizing and Equalizing
I'mpulses; Blanking. The ability of a
television transmitter to control the re-
produced picture at the receiver de-
pends entirely upon the synchronizing
impulses. Many years of research
have been spent on this problem, and

—h-
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------------------ b—-—LEVEL
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grams are not drawn to scale. The re-
ceiver vertical retrace will be complete at
the end of about .07 V during the vertical
blanking period. The length of the verti-
cal blanking period produced by the trans-
mitter may vary between .05 V and .08 V.
The leading and trailing edges of both the
horizontal and the vertical blanking pulses
have slopes (not indicated in A and B),
which should be kept as steep as possible.

Diagram C is an enlarged detail view,
drawn accurately to scale, of the signal
between points D-D in diagrams A and B.

Diagram D is an enlarged detail view,
drawn accurately to scale, of the signal
between points C-C in diagram B.

many different forms of impulse sig-
nals have been tried. The standard
synchronizing impulses shown in Fig.
24 have been found best suited to pres-
ent and future requirements of tele-
vision in this country. Pattern A
shows, among other things, the sync
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pulses recommended for the end of a
frame; these will move the spot up to
the top of the picture along the re-
trace path for the beginning of a new
frame. Pattern B shows the impulse
signal sequence recommended for the
end of the first half-frame (the end
of the first field) ; this moves the spot
from the bottom to the top of the pic-
ture for the beginning of the second
interlaced field scanning. A careful
study of the diagrams in Fig. 24 will
reveal five outstanding characteristics
of a television signal:

I. The horizontal sync pulse that is
transmitted at the end of each line is
not exactly rectangular. The enlarged
diagram in Fig. 24D shows the exact
shape of this synchronizing signal.

I1. The video signal is blanked out
for a short interval before and after
transmission of the horizontal sync
pulse at the end of a line, in order
to insure blanking during the hori-
zontal retrace. The total time for this
horizontal blanking shall be about
14% of the time from the start of one
line to the start of the next line (this
is designated as .14H at the right in
Fig. 24D, H being the time from the
start of one line to the start of the
next line). Note that the horizontal
pulse occupies about half of this blank-
ing time, and that the front (leading)
edge of the pulse is near the start of
the horizontal blanking. The two
portions of this blanking signal that
are on each side of the horizontal sync
pulse are known as pedestals, and are
originally at the black level.

III. The vertical sync pulse exists
for an interval of three lines, but this
pulse is divided into six small pulses,
each acting for half a line. This ser-
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rated pulse is shown in Fig. 24A. Kach
vertical pulse is divided into six small
pulses or serrations in order to main-
tain horizontal syne pulses at all times.
These serrations will be explained in
detail later.

IV. Six equalizing pulses precede
and six follow each vertical pulse pe-
riod. The purpose of these will also
be covered later.

V. The vertical blanking period
starts slightly ahead of the first equal-
izing pulse and extends considerably
beyond the last equalizing pulse; this
vertical blanking period should take
between 5% and 8% of the time for
one vertical sweep. Note that hori-
zontal syne pulses are transmitted dur-
ing the latter portion of the vertical
blanking period.

Explanation of Standards. As
long as we have 60 vertical sweeps
per second, interlaced scanning will
continue automatically throughout a
transmission. The vertical fly-backs
or retraces will be 1/60 of a second
apart; they may occur either near the
beginning or near the end of the verti-
cal syne pulse interval, but must oc-
cur at the same point in each pulse
(this point is controlled by the design
of the receiver).

Although the leading (left-hand)
edge of the vertical syne pulse in Fig.
24A is directly above the leading edge
of the vertical sync pulse in Fig. 24B,
these actually occur 1/60 of a second
apart due to interlacing. For this
reason, the horizontal pulses at A and
B in Fig. 24 are not in line.

Experience has shown that no mat-
ter what happens, the horizontal sync
pulses must not stop even for a single
line. If the vertical sync pulse were

wade three lines long without break-
ing it up, no horizontal pulses would
exist for this period. To avoid the
situation, the vertical pulse is serrated
or separated into six smaller pulses.

To visualize why the vertical sync
pulse must be broken up, let us first
assume that it is broken up into three
pulses as shown in Fig. 25, and see
what occurs under this condition. For
the moment we will forget about the
equalizing pulses. Pattern A in Fig.
24 shows the last horizontal syne pulse
(just before the bottom of the picture)
as being one whole line ahead of the
start of the vertical blanking period,
and pattern B shows this last horizon-
tal pulse as only half a line ahead of
the vertical blanking period; these are
actual conditions for successive field
sweeps, so we must consider them in
Fig. 25. Horizontal sync pulses must
exist for the entire vertical blank-
ing period; this means that there
should be horizontal syne pulses at
points 2, 3, 4, and 5 in Fig. 25A. At
each of these points there is a break
or serration in the vertical pulse; since
the leading edge of a pulse or serration
is sufficient to control the horizontal
sweep in the receiver, this will give
adequate control of the horizontal
sweep.

When we turn to pattern B in Fig.
25, however, we find that horizontal
syne pulses should occur at points 2,
3, and 4. There are no steep leading
edges at these points to control the
line sweep, and consequently three
serrations in the vertical impulse are
not adequate for pattern B, which
oceurs for every other scanning of the
picture. If the vertical impulse is

divided into six parts as shown in Figs.
24A and 24B, we secure the desired
steep front at points 2, 3, and 4 in
pattern B in Fig. 25.

The vertical synchronizing pulse is
chopped into segments by the applica-
tion of a special signal having a rate
twice that of the horizontal synchron-
izing signal. Because of the difficulty
of synchronizing this signal exactly
with the vertical pulse, this twice-
normal signal exists somewhat before
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FIG. 25. These diagrams tell why the

vertical synchronizing impulse signal

must be broken up into six smaller im-
pulses.

and after the vertical pulse as a series
of horizontal synchronizing pulses at
half-line intervals. Then, it is sure
to cut up the vertical pulse properly.
In Fig. 24A, these additional pulses
are labeled ‘“equalizing pulses.” A
pulse one-half a line from the proper
one is ignored at the receiver; the
sweep oscillator responds only to the
pulse that occurs at the proper time
to maintain the horizontal synchroni-
zation.

The value of this information will
become apparent when you study syne
circuits and methods of observing
wave shapes with an oscilloscope. At
that time you will find a review of
this information helpful.

e e S
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Fundamentals of TV Receiver
Operation

Let us imagine that a TV transmit-
ter that is operating on channel 2 is
sending out signals having a frequency
distribution as shown in Fig. 22, and
let us consider just how this would be
received and converted into an image
by a typical television receiver having
the sections shown in Fig. 26.

The superheterodyne circuit shown
in Fig. 26 has the usual r.f. amplifier,
mixer-first detector and local oscil-
lator. In television, these sections are
generally built together as a unit on
a separate chassis. Where serious
difficulty is experienced in this unit
(called the “front end”) the entire
unit is removed and another one sub-
stituted. The front end is generally
returned to the factory for any major
repairs.

Referring to Fig. 22 again, you will
see that two carriers are picked up
by the antenna—the video carrier and
the sound carrier. The r.f. amplifier
response is sufficiently broad to pass
both carriers without appreciable at-
tenuation, and they are fed into the
mixer input. In the early television
receivers, the r.f. amplifier had an un-
tuned input, double tuning of the
band-pass variety being used between
the r.f. amplifier and the mixer-first
detector. In later models, the input
of the r.f. amplifier is tuned, thus giv-
ing a much better signal-to-noise ratio
and improving the over-all sensitivity
of the receiver.

The two carriers are amplified by
the r.f. amplifier and injected into the
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mixer, where they beat with the local
oscillator signal and two separate i.f.
signals are produced. The i.f. that is
to be employed depends upon the
design of the receiver. Generally the
i.f. will be somewhere between 21
megacycles and 45 megacycles. The
tendency is to go toward higher i.f.
values to reduce image interference.

In this particular case we will
assume that the local oscillator is
operating at 81 megacycles. Since
our station is assigned to channel 2
(54 to 60 megacycles), the picture car-
rier will be 55.25 megacycles and the
sound carrier 59.75 megacycles. When
these carriers beat with the 81-me.
signal of the local oscillator, a sound
i.f. of 21.25 me. and a picture i.f. of
25.75 me. will be produced.

Sound Channel. In many receiv-
ers, separation of the two i.f. carriers
is made at the output of the mixer as
shown in Fig. 26. The sound 1i.f.
signal then is fed through the sound
amplifier, the limiter stage, a sound
diseriminator (which removes the
audio modulation from the f.m. sig-
nal), through the first a.f. amplifier,
to the power amplifier and to the loud-
speaker.

As shown by the dotted lines, the
sound i.f. signal may be taken off from
the output of the first or the second
video i.f. amplifier. In this case these
amplifiers must have a wide enough
response to pass both the video and
the sound i.f. carriers. The object of
taking the signal from the output of

one of the video 1.f.’s rather than from
the mixer is to obtain a stronger
sound 1i.f. signal, thus reducing the
amount of amplification necessary in
the sound i.f. amplifier.

As will be deseribed in another
Lesson in detail, the sound is some-
times taken from the output of the
video amplifier. In this case the video
i.f. amplifier must pass both the sound
and the picture carriers. Since they
are always separated by 4.5 mega-

Video Channel. At the mixer out-
put we also have the video i.f. carrier
that contains the picture signal and
the syne pulses. You will note that
four video 1.f. stages are used in this
particular circuit. Some less expen-
sive receivers use three video i.f. am-
plifiers. In general the if. ampli-
fiers are stagger-tuned, each i.f. stage
being tuned to a different frequency.
This enables us to obtain the neces-
sary band width with a reasonably
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FIG. 26. Block diagram of modern TV Receiver.

cycles, they will beat together in the
video detector, producing a 4.5-mega-
cycle signal modulated at an f.m. rate
by the audio signal. The video am-
plifier will amplify this 4.5-megacycle
signal and it may be removed from the
output of the video amplifier and fed
through a sound i.f. amplifier tuned
to 4.5 megacycles. This signal 1is
then fed through the sound diserimi-
nator, and the rest of the audio section
in the usual manner. This is known as
the intercarrier sound system and is
employed in many of the lower-priced
TV receivers.

flat-topped response.* The amplified
video i.f. carrier signal with its modu-
lation is fed into the video detector,
which is generally a half-wave diode.
Here the modulation envelope is
stripped from the carrier, giving us a
signal similar to that shown in Fig.
18. This signal is then amplified by
the first and second video amplifiers
which correspond to audio amplifiers
in a sound receiver. If direct coupling
is used between the amplifiers and

* Some receivers use double-tuned video
i . transformers that are overcoupled to
vive the necessary band width.
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between them and the picture tube,
the d.c. restorer shown in Fig. 26 is
not needed.

If the video amplifier passes only
the a.c. component of the television
signal, a d.c. restoring circuit should
be used just ahead of the television
picture tube to restore the d.c. com-
ponent, as you will learn in another
Lesson. This d.c. potential must be
restored in such a way that the
pedestals will all line up with each
other again, for they may be thrown
considerably out of line by the video
amplifier stages. All the components
in the television signal, including the
video signal itself, the horizontal and
vertical sync pulses, and the equaliz-
ing pulses and pedestals are applied
to the control grid of the picture tube.

Automatic gain control (a.g.c.) is
a very desirable additional circuit in
any TV set. Like automatic volume
control in an ordinary sound receiver,
a.g.c. compensates for fading and it
also serves to supply the demodulator
with an essentially constant signal.
Of course, normal fading due to inter-
action between ground and sky waves
is not apparent in a TV system, but
it is perfectly possible for an effect
like fading to occur due to swaying
of the receiving antenna or the trans-
mission line in the wind, or reflec-
tion of radio waves from moving ob-
jects such as automobiles or airplanes.
If there are two or more television
stations in a given locality, one may
provide a stronger signal than the
other at a given receiving point, caus-
ing different signal levels at the second
video detector. Automatic gain con-
trol can compensate for all these
effects.
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In some receivers the a.v.e. system
1s actuated by the average carrier
levels; in a television system, however,
the average carrier level varies with
the nature of the video signal being
transmitted. The one fixed charac-
teristic of a television signal is the
black level; for a given station, this
is fixed and corresponds to a definite
carrier level. The syne pulses that
are transmitted at amplitudes above
the black level are likewise fixed, so
by feeding the TV signal from some
point in the receiver where the pede-
stals line up with each other (such as
the output of the video second de-
tector) and using an ordinary R-C
filter that makes the output follow
the peaks of the sync pulses, we can
secure for the a.g.c. system a d.c. volt-
age whose value varies with the true
carrier level of the TV signal.

Sweep Circuits. So far our study
of the block diagram in Fig. 26 has
been chiefly a review of an ordinary
superheterodyne circuit. The re-
mainder of the TV receiver, constitut-
ing the sweep circuits, is the only new
thing.

In order to make the electron beam
in the picture tube sweep both hori-
zontally and vertically we need two
sweep oscillators. These must be so
designed that they can be controlled
by the horizontal and vertical sync
pulses in the TV signal. The sync
pulses must be separated from the
video signal before they can be ap-
plied to the sweep circuits. This sepa-
ration is accomplished in the stage
known as the sync separator.

The TV signal that is fed into the
syne separator must be taken off from
some point after the video detector.

A sync separator may consist of a
diode tube or a negatively biased
triode tube that will clip off the video
signals, leaving only the sync pulses.

After the pulses have been separated
from the video signal there will remain
the problem of separating the hori-
zontal sync pulses from the vertical
sync pulses. The circuits that accom-
plish this are built into the inputs
of the vertical and horizontal sweep
circuits. Generally they consist of
ordinary R-C filters; a low-pass filter
is used for the vertical sweep input,
and a high-pass filter that will accept
the 15,750-ke. horizontal pulse is used
at the input of the horizontal sweep
cireuit.

The outputs of the sweeps are fed
through amplifiers and into the pic-
ture control circuits that will be either
deflection plates in the case of the
clectrostatic picture tube or deflection
coils in the case of the electromagnetic
tvpe picture tube.

The damper shown in Fig. 26 is used
with electromagnetic picture tubes and
damps out any tendency toward oscil-
lation in the horizontal deflection coils.
Due to the relatively high frequency
employed here and the inductance in
the coils, oscillation might take place
if it were not for this damper circuit.
This ecireuit will be studied in detail
in other TLessons. The damper is not
required where electrostatic deflection
is employed.

Power Supplies. Power supplies
are an essential part of a television
receiver since the various tubes will
require both a.c. and d.c. operating
voltages. The low-voltage supply is
similar to those used in sound re-
ceivers, although due to the large num-

ber of tubes in a TV set a pair of recti-
fiers in parallel may be used instead of
a single rectifier. The power trans-
former will be much larger than that
found in a broadcast set.

In many of the inexpensive tele-
vision receivers the tube filaments are
wired in series as in an a.c.-d.c. set.
Due to the number of tubes en-

Courtesy Philco Corp.

A typical TV antenna installation.

countered, more than one filament
string is generally necessary. Selenium
rectifiers are also widely used in volt-
age-doubler, and in some cases volt-
age-tripler, cireuits. This eliminates
the expensive power transformer.

In addition, high voltage must be
supplied for the second anode of the
picture tube. This is obtained from
a separate supply source. In the elec-
tromagnetic type receiver that is illus-
trated in Fig. 26, the high voltage is
obtained from a part of the horizontal
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amplifier circuit. In other cases the
high voltage may be independent of
this circuit. The great advantage of
having the high voltage tied to the
horizontal amplifier circuit is in case
the horizontal sweep chain fails, the
high voltage will go out so that the
picture tube will be protected. All
types of high-voltage supplies will be
deseribed in greater detail later on.

CONTROLS

Adjustments must be provided in
the receiver for controlling the action
in the various circuits.

There will be a channel selector
that corresponds to the tuning control
in a broadeast set, a picture contrast
control that corresponds to the volume
control, a brilliancy control to vary
the bias of the picture tube, and in
addition to this there will be the usual
audio type volume control and on-off
switch in the sound system.

Additional controls will be found in
the sweep- and picture-tube circuits.
We must have controls that will vary
the size of the picture horizontally
and vertically, also controls that will
make the vertical and horizontal os-
cillators lock in with the syne pulses.
In any TV set you will find some
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means of centering the picture in the
middle of the screen since in the manu-
facturing of tubes it is almost impos-
sible to line up the electrodes per-
fectly.

The controls that are associated
with the sweep circuits are generally
on the back of the receiver since they
seldom need to be adjusted. In some
sets a few other special controls that
need not be considered here will he
encountered.

LOOKING FORWARD

In this first introductory Lesson on
television we have surveyed the im-
portant needs of a television system.
In some cases, brief explanations of
these needs have been given and in
other cases we have simply made
statements because the explanations
would be lengthy and not essential to
clearness in this “bird’s-eye view” of
the entire television setup. The vari-
ous methods for producing saw-tooth
sweep signals, for providing interlocks,
and for separating sync-pulse signals
will all be taken up in later Lessons
along with the typical eircuits for the
various other sections deseribed in
this Lesson.

Lesson (Questions

Be sure to number your Answer Sheet 49RH-4.

Place your Student Number on every Answer Sheet.

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

1.

10.

Why is it that a TV picture signal does not require a channel band width
equal to twice the modulating frequency?

. What converts a scene into a succession of signal intensities?

. What characteristic of the eye makes it possible to send a picture signal

a portion at a time, and yet have the resulting picture appear as a com-
plete scene?

. What is the purpose of the syne pulses sent out by the transmitter?

. Are the line syne pulses sent: 1, at the beginning; or 2, at the end of each

line?

. What is the advantage of using negative modulation of the picture carrier

signal?

. In an electrostatic picture tube, the voltage on which element is varied

to focus the beam?

. What effect on the picture is seen when the gain of a TV receiver is varied?

. What is the frequency of (A) the vertical scanning, and (B) the horizontal

scanning?

If both the sound and picture carriers are allowed to reach the second
video detector, what will be the resulting beat frequency?

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



SELF-EDUCATION

“The best culture is not obtained from teachers
when at school or college—but by our own diligent
self-education when we have become men.”

This quotation has been proved true many, many
times. Let’s take a few outstanding examples. Pres-
ident Ulysses Grant was often called “Useless” by his
mother because he showed so little promise as a young
man. General Stonewall Jackson was noted for his
slowness while a pupil at West Point. Watt—who
invented the steam engine—was notoriously dull in
school. Sir Walter Scott was outstanding in school

only for his readiness to pick a fight—and was not
known as an author until he was over forty.

To again quote, Gibbon said, “Every person has
two educations. One which he receives from others
—and one, more important, which he gives to him-
self.”

You are now busy giving yourself education in
Radio and Television which can and should be the
most important education of your entire career.






