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Foreword

The previous editions of this work have been widely
used by students, TV servicemen, and electronic technicians
all over the world.

This edition has been completely revised and updated
to reflect the present state of the art. Planned as an all-
inclusive volume, it encompasses the entire scope of video
transmission and reception, providing a comprehensive
coverage of system and circuit theory, system standards,
installation and maintenance procedures.

Today, semiconductor circuitry is in wide use. Some
black-and-white and color TV receivers are of the hybrid
type, and employ both tubes and transistors. Other re-
ceivers are transistorized throughout (with the exception
of the picture tube). Integrated circuitry has made inroads
on conventional transistor circuitry, and new types of
semiconductors such as the field-effect transistor and the
silicon controlled rectifier must now be contended with
at the service bench. Therefore, detailed explanation of
these topics has been included in this new edition.

Considerable space has been devoted to antenna arrays,
transmission lines, and antenna system design and installa-
tion. Color television is also dealt with in considerable
detail. concentrating on those circuits which have no coun-
terparts in monochrome receivers.

Thus, this updated edition will serve as a complete
study and reference handbook of value to anyone needing
knowledge of television, particularly those interested in
the repair of receivers.



World Radio Histor



Contents

CHAPTER 1

Television Broadcasting ...
General—the scanning system—frequency bands—standard
television channel—television signal components—summary—
review questions

CHAPTER 2

Television Transmitters ... .
Camera tubes—sync generator—blanking generator—vestigial-
sideband filter—sound transmitter—closed circuit television—
summary—review questions

CHAPTER 3

Television Receivers ...
Block diagram of television receiver—the tuner—video-IF
amplifier, detector and video- sound section—AGC circuit
sync circuits—deflection circuits—power supplies—picture tube
—summary—review questions

CHAPTER 4

Television Receiver Placement and Adjustment ...
Television controls—the test pattern—operator controls—step-
by-step tuning procedure—preset or service adjustment controls
—summary—review questions

26

44

67



CHAPTER 5

Television Antennas and Transmission Lines
Television transmission—transcontinental television transmis-
sion systems—antenna system-——transmission lines—practical
antenna calculations—dipole antennas-—parasitic elements—
antenna directivity pattern—antenna impedance matching—
stacked arrays—Yagi antennas—conical antennas—triangular
dipoles—“V” antennas—rhombic antenna—corner reflector an-
tenna—plain reflector antennas—antenna selection—summary
—review questions

CHAPTER 6

Antenna Installation ... ... ... . 152
Tools—masts and towers—guy wires—transmission lines—
grounding—code specifications—antenna systems- general—
antenna systems- receiving station—lightning arrestors—
grounding conductors- general—grounding conductors- receiv-
ing station—boosters—master antenna system—summary—
review questions

CHAPTER 7

Television Interference ...
Common types of interference—ignition interference—dia-
thermy—germicidial-lamp radiation—4.5 MHz soundbeat pat-
tern—police, amateur and other stations—two or more
nonsynchronized TV carriers on same channel—FM transmitter
heterodyning with local oscillator—radiation from the local
oscillator in a neighboring FM or TV receiver—oscillation in
video-IF amplifier—Barkhausen oscillation—reflections or
ghosts—interference traps—summary—review questions

CHAPTER 8
RF Tuners ...._.........

Types of RF tuners—antenna input circuits—RF amplifier
circuits—oscillator circuits—mixer circuits—UHF tuners—UHF
converters—summary-—review questions

CHAPTER 9
The Video Channel ... 233

Video-IF amplifiers—video detectors—video amplifiers—bright-
ness control—picture or contrast control—video coupling to
CRT—integrated circuits—summary—review questions




CHAPTER 10

Sync and AGC Circuit 261
Sync-pulse separation—sync-pulse amplification, clipping and
shaping—sorting of the individual horizontal and vertical pulses
—the function of vertical-equalizing pulses—action of the hori-
zontal-differentiating circuit during the vertical pulse—AGC
circuits—rectified AGC—amplified AGC, keyed AGC—delayed
AGC for RF stage—summary—review questions

CHAPTER 11

Deflection Circuits oot ennaa 292
Multivibrators—blocking oscillators—sine-wave generators—
sawtooth generator control and production of scanning wave-
forms—control of scanning generators by sync pulses—pulse
control of transistor horizontal oscillator—scanning—peaking
circuits—typical modern horizontal-deflection systems—tran-
sistor horizontal deflection system—vertical-deflection systems
—transistor vertical sweep system—summary—review questions

CHAPTER 12
Power Supplies ..o 338

Low-voltage, high-current supplies—high-voltage, low-current
supplies—summary—review questions

CHAPTER 13
Sound IF Amplifiers and Audio Detectors ... ................. 358

Sound IF take-off—typical sound IF systems--audio detectors—
semiconductor FM demodulators—summary—review questions

CHAPTER 14

Color Television ... ... 371

Characteristics of color—divided-carrier modulation—color
synchronization—the color signal-——luminance signal-—chro-
minance signal—color-receiver circuits—RF tuner—video-IF
amplifiers and video detector—sound IF and audio sections—
video amplifier—the AGC circuit—the synec circuits—vertical
sweep—horizontal sweep—bandpass amplifier—color synchro-



chronization—the color signal—luminance signal—chrominance
signal—color-receiver circuits—RF tuner—video-IF amplifiers
video detector—sound IF and audio sections—video amplifier—
the AGC circuit— the sync circuits—vertical sweep—horizontal
sweep—bandpass amplifier—color synchronization—color killer
the matrix and demodulator section—characteristics of the
three-beam picture tube—transistor color-TV receivers—sum-
mary—review questions

CHAPTER 15
Television Alignment ... e 425

Typical alignment—alignment of color-TV receivers—summary-
review questions

CHAPTER 16
Television Test Equipment .. ... ... 459

Color test equipment—vectorscope—oscilloscope and vector-
scope graticules—summary—review questions

J2N0) 013 1 e § b 490



CHAPTER 1

Television Broadcasting

The word “television” is made up of two parts—tele
from the Greek word which means “far,” and vision which
means *“to see.” Thus, television means ‘seeing from a
distance.” As used today, the word means “the transmission
and reception of moving visible images so that at a distant
receiver the likeness of the original scene can be viewed.”

GENERAL

In television, as in radio broadcasting, the signals are
transmitted through space by means of radio carrier waves,
as shown in Fig. 1. Basically, there is little difference be-
tween a television receiver and a common radio receiver. In
the radio system, the sound is first converted to an electrical
signal which is transmitted to a distant point, The sound is
then converted to a mechanical motion that drives a speaker
which, in turn, produces audible sound waves. In the tele-
vision system, the light signals are converted to an electrical
signal which is transmitted to a distant point and then con-
verted to a light signal.

In radio, we are concerned with only one signal—that
of the music, speech, etc. being transmitted. In television,
the situation is far more complicated. In order to display a
picture and to reproduce the accompanying sound, several
separate signals must be transmitted. Each of these signalse
will be discussed later in this chapter.
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TELEVISION BROADCASTING

ELECTROMAGNETIC

) s

ELECTRONST i lELECTRONS
L rewvision
| RECEIVER
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TLIGHT
TV CAMERA PICTURE Q
: TUBE

Fig. 1. Television signals travel through space as elactromagnetic waves.

A simplified block diagram of a complete television sys-
tem is given in Fig. 2. The image is picked up by the
camera, and and electrical signal corresponding to the
image is developed. This signal is then properly shaped,
amplified and transmitted to the receiver. At the receiver,
the signal is amplified and properly synchronized, so that a
reproduction of the original image is displayed on the pic-
ture tube. For simplicity, the sound circuits are omitted in
Fig. 2. Chart 1 shows how the sound section can be con-
sidered separately from the picture section.

THE SCANNING SYSTEM

Since no method by which the entire picture can be trans-
mitted simultaneously is feasible with our present knowl-
edge, a different system of transmitting the picture must be
employed. This system is known as scanning. In the camera,
the scene is focused on a light-sensitive area by an optical
lens system. The optical image forms an electric charge
corresponding to the light image. This charge pattern is
scanned by an electron beam which moves across
from side to side and from top to bottom at a rate set by

10
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TELEVISION BROADCASTING

the sync generator in Fig. 2. This scanning converts the
pattern in an electrical current whose instantaneous value
corresponds to the amount of light falling on the area being
scanned.

The electron beam is caused to mova across the charge
pattern in an approximate horizontal line at a uniform
speed, then fly back and scan another line directly below
the former one, and so on until the beam has scanned 525

Chart 1. TV Picture and Sound Section
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lines in the desired sequence. This complete scanning is
repeated at the rate of 30 frames per second. Thus, in
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TELEVISION BROADCASTING

modern television systems, scanning consists of 525 hori-
zontal lines, which are covered 30 times per second, making
a total of 525 X 30 or 15,750 lines scanned per second,
and 60 fields (two fields per frame).

When the electron beam falls upon an illuminated por-
tion of the mosaic, current will flow through the output
circuit of the camera tube. When the beam falls upon a
partially illuminated portion, a smaller current will flow;
and when the beam falls upon a dark portion, very little
current will flow. This process is depicted in Fig. 3. In this
manner, current pulses will be generated which will cor-
respond in time sequence to the light and dark areas of the
televised image as they are scanned by the electron beam.

When this scanning process takes place at a sufficiently
high rate, the eve is deceived into “seeing” the entire pic-
ture at once even though a small dot is all that is being
produced at any one instant, This ‘“deceiving” is possible
because of a phenomenon known as persistence of vision
of the human eye. When the beam strikes the face of the
picture tube, the face continues to glow for a short period
of time. Also, because of the persistence of vision, the eye
will retain this image for a short period of time.

|
2
3
4
S
6
7
[}
9
10
(A) Pattern to be scanned. (B) Scanning sequence.
1 2 3 4 S 6 7 8 9 0

(C) Sequential signal voltage.

Fig. 3. Development of signal voltages by the scanning process.

If the entire image is repeated at least 16 times a second,
the eye will not be able to detect any change. To allow for
a safety margin in movies, the scene changes 24 times per

13



TELEVISION BROADCASTING

second; and, as stated previously, for television the rate is
30 times per second. Fig. 4 depicts the projection of a mov-
ing-picture film. The transparency is enlarged and focused
on a screen by a system of lenses. A rotating shutter is used
to present each frame twice, and thereby reduce flicker. The
shutter also cuts off the light while one frame is quickly
pulled down and the next frame placed in position for pro-
jection. Another lamp and lens system focuses a beam of
light on the sound track and thence into a photocell. The
output from the photocell is an audio signal which is ampli-
fied and fed to a speaker.

FILM SCREEN

o] e
a

o —
0
o

LAMP o a -
—_— a

= — 0 —_—
m: I — 0

LENS 0 ~—

o -~
8]
o]
0

SOUND
TRACK

Fig. 4. Projection of a moving picture film.

The method used for scanning the image in television
is very similar to that by which you are reading this page.
The eye begins at the upper left-hand corner and travels
across the first line of words. Then it quickly returns to the
left-hand side of the page and travels across the second line
of words. This process is repeated until the end of the
bottom line of the page is reached when the eye returns
to the top of the next page.

In a television system, this scanning is done by the elec-
tron beam instead of the eye. The resulting voltage pulses,
termed video signals, are then amplified and combined with
special artificially manufactured signals for controlling the

14



TELEVISION BROADCASTING

timing of the receiver picture-tube deflection circuits and for
extinguishing (blanking) the electron beam during the re-
turn time. The resulting composite signal is then used to
modulate a high-frequency transmitter.

In the standard interlaced scanning system, scanning of
the horizontal lines is not performed in sequence. Instead
the odd-numbered lines are scanned first, that is, 1, 3, 5,
etc.,, and then the beam returns to the top and scans the
even-numbered lines, before the complete scene is scanned.
Starting at the upper left extremity of the picture, as in Fig.
5, line No. 1 is scanned. Instead of proceeding then with
line No. 2, the scanning beam drops two spaces and No. 2 is
omitted. This is because the downward rate has been doubled
—60 instead of 30 Hertz (cycles per second). Line No. 3
15 then scanned, followed by numbers 5, 7, 9 and every
odd-numbered line of the picture. Upon reaching the bottom
of the picture, the scanning spot moves again to the top of
the picture and begins another scanning field which is dis-
placed from the first by the width of one line so that now
lines 2, 1, 6, 8 and all even-numbered lines are scanned.

Since each field is completed in one sixtieth of a second,
both fields consume one thirtieth of a second. Thus, 30
complete pictures are scanned in one second, each having
been broken up into two projections as a means of flicker
reduction.

Given a line frequency of 15,750 and a picture repetition
rate of 30 Hertz, the number of lines per picture is 15,750/30
or 525 lines, the number of lines per field being 262%2, This
is shown in Fig. 5, Notice that field 1 ends on a half line
and that field 2 starts on a half line. Thus, there are 2621,

lines for each field.
Approximately 490 of these 525 lines in each frame are

active, the remainder occurring during the vertical retrace
period (the beam is moving from the bottom to the top of
the screen) when the viewing tube is blanked out. It is
necessary of course, that complete synchronism be main-
tained between scanning at the transmitter and at the re-
ceiver. To effect this, synchronizing pulses are transmitted

15



TELEVISION BROADCASTING

along with the video signal to lock the receiver oscilla-
tors, vertical and horizontal, into step with those at the
transmitter.

Thus, in addition to the video signal which contains the
actual picture signal, four additional signals must be trans-
mitted before the picture can be properly displayed on
the screen. The horizontal sync pulse is transmitted to keep

START OF FIELD 1 START OF FIELD 2

ODD LINES

— EVEN LINES

— RETRACE LINES

END OF FIELD 1 J END OF FIELD 2

Fig. 5. The interlaced scanning pattern of a raster.

the horizontal deflection circuit in the receiver in step with
the left-to-right movement of the scanning beam in the cam-
era. Since the return of the beam from the right to the left
of the screen (retrace) would produce objectionable interfer-
ence if displayed on the screen, a horizontal blanking pulse
is transmitted to black out this portion of the scan. Similarly,
a vertical sync pulse and a vertical blanking pulse are also
transmitted to keep the vertical deflection circuits in step
and to blank the beam when it is returning from bottom
to top. Chart 2 shows the plan of the sync and sound sec-
tions in a TV receiver.

16



TELEVISION BROADCASTING

FREQUENCY BANDS

The entire spectrum of radio frequencies is broken down
into several portions called bands. These bands, and the
designations used to identify them, are as follows:

Band Neo. Frequency Classification Abbreviation

4 3-30 kHz Very low frequencies VLF
5 30-300 kHz Low frequencies LF

6 300-3,000 kHz Medium frequencies MF

7 3-30 MH2z High frequencies HF

8 30-300-MH2z Very high frequencies VHF
9 30-3,000 MHz Ultra high frequencies UHF
H 3,000-30,000 MHz Super high frequencies SHF
10 30,000-300,000 MHz Extremely high frequencies EHF
12 300,000-3,000,000 MHz Extremely high frequencies EHF

The assignment of the various types of services (radio,
television, radar, amateur, ete.) within the various bands
has been partially standardized by international agreements.
Thus, world-wide communication is possible, and interfer-
ence caused by one country operating one type of service
and another country an entirely different service on the same
frequency is eliminated.

The actual establishment of the operating standards,
assignment of portions of the frequency bands listed pre-
viously for certain specific purposes, and the assignment
of individual frequencies in the United States is controlled
by the FCC (Federal Communications Commission).

The standard AM broadcast stations in the U.S. are lo-
cated between 535 kHz and 1605 kHz, in a portion of the
medium frequency band. FM radio broadcasting is assigned
the space between 88 and 108 MHz in the VHF band of
frequencies.

The frequencies assigned for television broadcasting are
located in a portion of the VHF band and a portion of the
UHF band. Originally 13 VHF channels, each 6-MHz wide,
were allocated for television. Later Channel 1 was deleted.
In 1952, 70 additional channels were allocated between

17
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Chart 2. Sync and Sound Section in a TV Receiver
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470 and 890 MHz in the UHF band. The frequency assign-
ments for all 82 channels are given in Fig. 6.

The VHF channels are divided in two bands. Channels
2 through 6, called the low-band VHF channels are located
between 54 and 88 MHz. There is a 4-MHz break between
channels 4 and 5 for other services. Channels 7 through
13, called the high-band VHF channels, are located between
174 and 216 MHz. The frequencies between 88 MHz and 174
MHz are reserved for other services.

From the foregoing it will be observed that a single tele-
vision channel is 6 MHz wide, in contrast to the entire AM

18
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broadcast band, which is only one MHz wide. Also each AM
broadcast channel is only 10 to 20 kHz wide. The reason for
the wide television channel is because of the necessity to
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TELEVISION BROADCASTING

transmit video information with clarity and sharpness. It
also serves to illustrate that video information must be
transmitted on very high frequencies to obtain a satisfactory
ratio of carrier frequency to bandwidth.

STANDARD TELEVISION CHANNEL
A standard television channel is illustrated in Fig. 7. As

previously noted the bandwidth of each television channel
is 6 MHz, and both the video and sound signal must be trans-

PORTION OF
LOWER SIDEBAND auDIO
TRANSMITTED PICTURE /uRmER
/cnnmsn : L (FM)
N \ |
N4 NA
| |
\ 1
| ! auoio
la—
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T SIDEBAND 1 ! SIDEBANDS
g N
)
- I '
1 L L IINNZZ|
12577 o ' é 3 4 |
| i [
% 4 MHz o [} 45
| ! Tt
' 1 ] ]
| R
\ — 4.5 MHz —
1 [} I
!
le 6 MHz >
| |
54 MHz 60MHz

Fig. 7. Signal distribution in a standard television channel.

mitted within this limit. The amplitude-modulated picture
signal is always at the low-frequency end of each channel
allocation and occupies approximately 5 MHz of the total
6-MHz bandwidth.

The frequency-modulated sound signal is always at the
high-frequency end of the 6-MHz channel and has a maxi-
mum deviation of 25 kHz (a total carrier swing of 50 kHz).
The actual frequencies of the picture and sound carriers are
included in Fig. 6,
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An unusual feature of the amplitude-modulated picture
signal is that the high-frequency sideband is approximately
4 MHz wide whereas the low-frequency sideband is only
1Y4 MHz wide. This unsymmetrical distribution permits
transmission of a better definition picture within the 6-MHz
bandwidth.

This transmission of one sideband and a portion of the
other sideband of the picture signal, as effected in tele-
vision practice, is termed restigial-sideband transmission.

TELEVISION SIGNAL COMPONENTS

This combination of video, blanking and sync signals is
called the composite video signal. (See Fig. 8.)

Video-Signal—The video (picture) signal is arbitrarily
represented as a jagged line in Fig. 8. (Note, the horizontal

EQUALIZING ! &uncu_{,{wnnzn

PULSE YNC PULSE PULSE
BOTTOM OF | 'NTERVAL | INTERVAL | INTERVAL
PICTURE
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1 »‘1' N Y
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BLANKING =1 L - — — — VERTICAL BLANKING — —

PICTURE ~ i
—_—

Fig. 8, The composite video signal.

scale of this portion of the signal is greatly compressed in
Fig. 8. If drawn to scale, it would be many times wider
than the blanking signal.) You will recall that the amplitude
of the video signal varies in accordance with the degree of
brightness at any particular instant. Fig. 8 shows a typical
example. Here, the variations in the tones along line X-X
in the picture of Fig. 9A will produce the video modulat-
ing voltage of Fig. 9B.

Notice in Fig. 9A that any darker portion of the picture
produces an increase in the amplitude of the signal. This
type of modulation is called negative polarity of trans-
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TELEVISION BROADCASTING

mission. Any black area on the screen is represented by an
absence of light. In other words, the beam is cut off. This
type of transmission is standard in the U.S.

Blanking Signal—Two blanking signals are transmitted
—one at the end of each line and the other at the end of
each field. Notice in Fig. 8 that the amplitude of the blank-
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(B) Video voltage.

Variations in the video voltage of a scanning line.

ing signals is greater than any portion of the video signal.
Hence, the beam is cut off during the blanking pulses so that
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the retrace of the scanning beams cannot be viewed on
the screen.

Sync Signal—Sitting atop the horizontal and vertical
blanking signals is a rectangular pulse, called the sync pulse.
These pulses are employed to keep the deflection circuits in
the receiver in step with those at the transmitter. Since the
amplitude of the blanking signal is sufficient to cut the beam
of the picture tube off, the sync pulse is said to be in the
“blacker-than-black” region.

If one long unbroken pulse were transmitted for vertical
synchronization, the horizontal sync pulses during this time
would be absent. During that time the horizontal deflection
circuits in the receivers would lack synchronization and
would drop out of step. In order that horizontal synchroniza-
tion be maintained during the vertical retrace period, the
vertical sync pulse is broken by serrations. These serrations
then maintain horizontal synchronization during the vertical
retrace period.

Equalizing-Pulse—Another or fourth group of signals,
termed equalizing pulses, is also included in Fig. 8. These
pulses are of shorter duration than the sync pulses and are
transmitted to insure uniform spacing of the interlaced scan-
ning lines and to prevent loss of synchronism of the horizon-
tal circuits during the retrace intervals between fields and
frames.

In Fig. 8 all pulse shapes, their relative amplitudes, and
their duration are standardized. The only variable is the
picture signal which varies from line to line as the subject
is scanned.

SUMMARY

In summary, the televised picture is broken up into indi-
vidual elements instead of the entire picture being trans-
mitted simultaneously. A process called interlaced scanning
is employed to break up the picture for transmission. In this
system, 525 horizontal lines are scanned across the picture.

23



TELEVISION BROADCASTING

All odd-numbered lines are scanned first, then the beam
returns to the top of the picture and the even-numbered
lines are scanned. Thus, two fields of 26214 lines each are
interleaved to form the complete picture or frame (525
lines).

The horizontal lines are scanned at a rate of 15,750 per
second. Each field of 26214 lines is repeated 60 times per
second, and 30 complete pictures consisting of 60 interlaced
fields or 525 horizontal lines are transmitted per second.
Because the picture tube continues to glow for a period
after the beam strikes it and because the persistence of vi-
sion of the human eve makes it sensitive only to changes
which occur at a rate of 1/16th of a second or slower, we
see the complete picture without flicker.

In addition to the picture or video signals, blanking sig-
nals to black out the beam during retrace when the beam
returns from the right to the left side of the screen and
from the bottom to the top of the screen are also transmitted.
Syne signals, which keep the receiver deflection circuits in
step with the transmitter are situated on top of the blanking
signal.

Negative modulation is employed for the picture signal;
that is, an increase in the light intensity of the televised
scene causes a decrease in the radiated power. Conversely, a
decrease in the light intensity causes an increase in the
radiated power. The primary reason for adopting negative
transmission is that any noise pulse present with the signal
will usually cause an increase in the signal strength. With
negative transmission, noise will be produced as a black
spot, whereas, with positive transmission it would appear as
a bright flash of light. The black spots are far less annoying.
Also, blanking and sync pulses must be transmitted as black;
therefore, with negative transmission, they will appear at
the maximum amplitude, assuring proper synchronization
even at low signal strength.

The entire composite video signal, including the picture,
syne, and blanking signals, plus the sound signal, is trans-
mitted in a channel 6-mc wide. To obtain maximum band-
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width, a system termed vestigial-sideband transmission is
employed. In the United States, 82 channels (12 VHF and
70 UHF) are allocated for television broadcasting.

A

2 UG

10.

REVIEW QUESTIONS

Radio and television signals are transmitted through
space by what means?

In radio, how many signals are being transmitted? In
television?

How many horizontal scanning lines are produced per
second?

Explain the process used in scanning horizontal lines.
How many channels are assigned to television broad-
casting?

What is the bandwidth of each television channel? Why?
How many fields in one complete picture or frame?

How many lines in each field?

What channels are in the low-band VHF, high-band
VHF, and UHF?

What range of frequencies is used in the low-band
VHF, high-band VHF. and UHF?



CHAPTER 2

Television Transmitters

In this chapter, a brief discussion of the television trans-
mitter will be given. This discussion should not be con-
sidered as a complete coverage of the subject since that
would fill an entire book of this size. Only those points
considered necessary for a general understanding of the
overall system will be given. A block diagram of the basic
TV transmitter system is shown in Fig. 1.

CAMERA TUBES

The camera tube is the heart of the television system.
Here the image is first “picked up” and starts its long
journey to the receiver picture tube. The basic function
of the camera tube is to convert the variable light scenes
into a varying electrical signal corresponding to the light
and dark areas of the picture.

Two types of camera tubes—image orthicon, and the
videcon—will be examined. A brief discussion of the con-
struction and operation of each type will be given.

The Image Orthicon—The image orthicon is a storage
type of camera tube, having a sensitivity of from 100 to
1,000 times that of the iconoscope. It can deliver an en-
tirely satisfactory signal, with negligible noise voltage,
from scenes illuminated by very low light levels. Therefore
it is suitable for outdoor or studio use.
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Fig. 1. Plan of the basic TV transmitter system.

The image orthicon achieves its high sensitivity in three
ways. They are:

1. By using a conducting photosensitive surface, instead
of an insulated mosaic, thereby increasing the photo-
emission response.

1o

By scanning with a low velocity electron beam, thus
eliminating the undesirable effects of secondary
emission.

o

By using secondary emission in the tube, amplifica-
tion of the signal is provided.

Structural Details.—This type of television camera tube
(Fig. 2) is approximately 15 inches in length, its external
diameter being approximately three inches. The funda-
mental differences from the iconoscope are:

1. The light image is focused on one side of the photo-
cathode, while photoemission takes place from its
other side.

2. The scanning takes place on a separate plate called
the target, not on the photoemissive surface.
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Fig. 2. A typical image orthicon.

3. The image-modulated current, constituting the video
signal, comes from the beam electrons returning
from the target toward the cathode from which they

came,
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Operation.—The operation of the image orthicon is as
follows: Light from the televised scene is picked up in the
conventional way by an optical system and focused on the
semitransparent photocathode. The photocathode emits
electrons in proportion to the amount of light falling on it
and these electrons are accelerated toward the target by
grid No. 6. An external focus assembly focuses the beam
of electrons. Further focusing is achieved by varying the
potential applied to the photocathode.

The target consists of a thin glass disc with a fine
mesh screen on the photocathode side. Electrons striking
the photocathode cause secondary emission from the glass.
However, the wire mesh, which is maintained at a constant
potential of approximately 1 volt, collects these secondary
emission electrons. This action limits the potential of the
glass disc and makes it very stable for different light in-
tensities. The electrons emitted from the photocathode side
of the target cause a positive charge, which varies ac-
cording to the intensity of the scene being televised, to
be built up on the other side of the glass disc. The fore-
going actions constitute the image section of the image
orthicon. These actions are independent of the electron
beam and scanning circuits of the tube.

The back side of the target is scanned by a low-intensity
electron beam. This beam is focused by an external mag-
netic field and the electrostatic field created by grid No. 4.
Grid No. 5 serves to decelerate the field before it strikes
the target. When the beam strikes the target, it is turned
back and focused on dynode No. 1. However, some of the
beam electrons are used to neutralize the charge on the
glass of the target, the amount depending upon the charge
at the particular area being scanned. If a more positive
area, corresponding to a brighter area is being scanned,
more beam electrons will be needed to neutralize the
target and fewer electrons will be returned to dynode No.
1. Hence, the intensity of the beam returned to dynode No.
1 depends on the intensity of the image being scanned.

When the electrons strike dynode No. 1, several electrons
are emitted for each one which strikes the dynode. These
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secondary electrons from dynode No. 1 strike dynode 2
where the process is repeated—for each electron which
strikes the dynode several are emitted toward the next
dynode. The action is continued for dynodes 3, 4 and 5
until the electrons strike the anode which is the final ele-
ment in the multiplier chain. The output of the image orthi-
con is taken from across a load resistor connected between
the anode and the power supply.

The total multiplication obtained by the multiplier sec-
tion is approximately 500. When a brighter area is being
scanned, less current flows, giving a positive output. Thus,
the output of the image orthicon is positive; that is, when
the brightness increases, the signal also increases in a
positive direction.

Vidicon—The vidicon (Fig. 3) is suitable for black-and-
white or color television and is used in both broadcasting
and closed-circuit applications. The tube consists of an
electron gun, beam-focusing electrode (grid 3), fine mesh
screen (grid 4) and a target.

FOCUSING COIL

HORIZONTAL AND VERTICAL
DEFLECTING COILS

ALIGNMENT COIL

GRID# 2
GRiD# 1

“ GRID # 3

TARGET CONNECTION
GRID # 4

Fig. 3. Structural arrangement of a vidicon.

The electron gun consists of a cathode, control grid
(grid 1), and an accelerating grid (grid 2). A low-velocity
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beam from the electron gun is focused by an external
magnetic field and by the electrostatic field of grid 3. Grid
4, which is connected to grid 3, is positioned near the
target. The target is composed of a transparent conducting
film on the inner surface of the faceplate. Each small
portion of the photoconductive layer is an insulator
when there is no light on the faceplate, but becomes slightly
conductive when illuminated.

Grid 4 provides a uniform decelerating field between it-
self and the photoconductive layer of the target so the
beam approaches the layer perpendicular to it. This con-
dition is necessary for linear scanning. The beam is de-
flected back and forth and up and down on the target.
Since the photoconductive layer has a positive potential,
electrons are deposited on it when it is scanned by the
beam. This depositing of electrons continues until the
surface potential of the photoelectric layer is reduced to
that of the cathode. When this point is reached, electrons
are turned back to form a return beam that is not used.
Deposits on the scanned surface of any portion of the
layer change the difference of potential between the two
surfaces of the portion. When the two surfaces of the por-
tion, which in effect is a charged capacitor, are connected
through the external target circuit and the scanning beam,
a capacitive current is produced. This current is the video
signal.

Monoscope—The monoscope is used in the development
of television signals used for testing and adjusting studio
equipment. The main difference between the monoscope
and the other types of camera tubes is that it has a test
pattern in the front of the tube envelope. This test pattern
is reproduced as the video signal.

The output signal is produced by the difference in sec-
ondary emission of two materials. For example, a high-
carbon ink, which has a low emission, can be used to
print the pattern on a sheet of aluminum which has a high
emission. As the beam scans the entire surface, secondary
emission electrons are emitted from both materials in pro-
portion to their emission ratios.
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gYNC GENERATOR

As previously explained synchronizing pulses, generated
at the transmitter, control the deflection of the electron
beams in the camera tube and in the receiver picture tube.
The sync generator in the transmitter produces the properly
timed and shaped pulses for the horizontal and vertical
deflection of the beam in the camera. In addition, these
pulses are added to the video signal to keep the receiver in
step.

»

BLANKING GENERATOR

The proper pulses for cutting off the camera and the
receiver during the retrace period are generated in the

Courtesy Ampex Corp.

Fig. 4. A typical TV monitor.
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blanking generator. These pulses are also added to the video
signal before transmission to the receiver.

VESTIGIAL-SIDEBAND FILTER

As discussed previously, only a portion of the lower side-
band is transmitted. A portion of the lower sideband is re-
moved to conserve space in the spectrum. This portion
of the signal is removed by the vestigial-sideband filter.

SOUND TRANSMITTER

The sound transmitter associated with the transmitting
system is a conventional frequency-modulation system con-

sisting of audio amplifier, frequency modulator, high-

Courtesy Simpson Electric Co.

Fig. 5. A TV oscilloscope.
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frequency transmitter and high-frequency antenna. Thus,
at the transmitting station, there are actually two trans-
mitters—one for the picture signal, and one for the sound.

Television Broadcasting Practices—In the foregoing
overall description of a television system no attention
has been given to the apparatus necessary in the broad-
casting studios for a successful transmission of picture
and sound. Most of the apparatus required to produce the
conditions described are of necessity extremely complex and
an understanding of them is unnecessary. However, a
monitor is comparatively simple, and is of interest in this
basic analysis. A typical monitor is illustrated in Fig. 4. It
is a simplified type of TV receiver, which contains scanning
circuits, a video amplifier, and a picture tube. The monitor
is used at the TV broadcast station to permit the station
engineer to observe the system operation. If the engineer
did not have a monitor, he would be “working in the dark.”
A monitor is supplemented by an oscilloscope, such as
illustrated in Fig. 5. The scope enables the engineer to
determine whenever distortion might occur in the video
signal.

The televising of live talent programs presents to the
video broadcaster many of the same problems that have
confronted the moving-picture industry. Rather elaborate
backgrounds are frequently necessary and they require
the same attention to technical detail and to period au-
thenticity that is evident in well staged plays and in high-
grade motion pictures. However, unlike the motion-picture
production which can be interrupted at will, a live tele-
vision broadcast must be continuous. The problems of
set lighting and equipment placement require much plan-
ning and rehearsal prior to the actual broadcast.

Indoor, as well as outdoor televising usually requires
that several cameras be strategically located so that the
scene can be viewed from various vantage points without
sequential interruption.

In addition to the telecasting of live program material,
extensive use is made of motion-picture film in television
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programming. For this purpose, special projectors are em-
ployed, which by a shutter arrangement, convert the 24-
frames-per-second film projections into 30-frames-per-sec-
ond television signals. The film picture is projected directly
into the television camera tube, from which the electrical
signal is conveyed to the control room over coaxial cable.
Sound pickup from the film is in the normal manner.

Courtesy Ampex Corp.

Fig. 6. A typical video tape recorder,
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In addition to regular movie film, other films are often
used. For instance, film is often used for news and com-
mercials. The sound may or may not be included on this
film. When the sound is not included, the sound may be
provided by a live announcer, an audio tape, or a record.

Slides may also be used for still commercials. Here
again, the sound will be provided by an announcer, tape,
or record.

Video tape recorders are used for many programs. They
offer the advantage of being able to record the program at
any convenient time for playback at the desired time. Both
the picture and sound are included on the magnetic tape
and it is ready for instant playback. No time is lost in pro-
cessing. Video tapes can be exchanged between stations
or distributed by syndicates the same as film. They can also
be used for commercials or any other type of presentation.

Network broadcasts, of course, are one of the most com-
mon methods of program origination and do not require any
program facilities at the local studio. In this type of pre-
sentation, the program originates at one point—either
live, on film, or on video tape. This program is then sent out
via coaxial cable and/or microwave relay to the stations of
the network. At the stations, it is transmitted to the viewing
public. Sometimes, due to time differentials, the network
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Fig. 7. Block diagram of a flying-spot scanner.
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program will be recorded on video tape when it is received
at the station and played back at a later hour. Fig. 6
illustrates a typical video tape recorder.

Remote broadcasts offer still other difficulties. Since
the connection, by coaxial cable, from a remote place to
the studio control room equipment is an economic im-
possibility, small ultra-high frequency radio relay links are
employed to relay remote pickups.

The relay equipment is usually contained within a special
truck which houses not only the relay transmitter but
also complete control and monitoring facilities, Of course,
if the event is not to be viewed until a later hour, the pro-
gram can be filmed or taped at the remote location. The
film or tape facilities can be taken to the remote point and
transported back to the studio, or the radio relay can be
utilized and the recording made at the studio.

A flying-spot scanner used in television troubleshooting
procedures is a miniature TV transmitter that converts a
transparency into a video signal. Fig. 7 shows a block dia-
gram for a flying-spot scanner. A cathode-ray tube is used
as the source of the flying-spot light beam. As the trans-
parency is scanned, a phototube develops the video signal,
as depicted in Fig. 8.

TRANSPARENT
SLIDE

LIGHT BEAM

VOLTAGE _ o

PHOTO

L TUBE TIME  —

Fig. 8. Phototube converts light to a signal voltage.

Closed-circuit television originally designated a local
system consisting of a TV camera and several monitor

37



TELEVISION TRANSMITTERS

receivers connected by coaxial cables. Today, closed-circuit
TV refers also to elaborate private installations, which are
in wide use by industry, commerce, and education. Micro-
wave transmission are used in some of the larger “closed-
circuit” TV systems. The basic distinction is in the fact that
only private groups are served by a closed-circuit system.
Scanning standards are usually the same as used in public

Courtesy Ampex Corp.

Fig. 9. A closed-circuit TV camera, monitor, and a video-tape recorder.

TV broadcasting, although slow-scan standards for example,
may be used to transmit signature records in banks.
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Equipment used in closed-circuit TV is similar to con-
ventional broadcast-TV equipment, except that the units
may be less elaborate. For example, the TV camera illus-
trated in Fig. 9 employs a vidicon tube. An RF signal out-
put is provided, which is usually fed to conventional TV
receivers via coaxial cables. Video tape recorders, such as
seen in Fig. 9, find wide use in educational installations.
It provides a video-frequency signal, which is fed via a
coaxial cable to the TV receivers, and applied directly to
the video amplifier in each receiver. The TV camera may
be used when “live” classroom activities are to be trans-
mitted by the closed-circuit system.

Since a typical closed-circuit TV camera produces a video
signal with a bandwidth up to 10 MHz, the chief limitation
on picture detail and quality is imposed by the TV receivers
used in the viewing locations. Most cameras provide video-
frequency output in addition to RF output. If the video-
signal output is applied directly to the video amplifier in
a receiver, the quality of picture reproduction may exceed
that of a standard TV broadcast program. Practically all
closed-circuit cameras are transistorized, compact, and can
be operated by anyone who understands how to focus an
ordinary camera. Closed-circuit color TV is used chiefly
in medical schools.

AUDIO ERASE HEAD

VIDEO HEADS

RECORD HEAD

|
CUE |
RECORD

CUE ERASE

CONTROL CAPSTAN
TRACK HEAD MOTOR

Courtesy Ampex Corp.
Fig. 10. Transverse recording method.
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A video tape recorder employs magnetic tape to record
moving pictures and sound. A typical method utilizes trans-
verse recording with a rotary head (see Fig. 10). The video
tape is two inches wide, and moves past recording heads
at 15 or 714 inches per second. However, four record/play-
back heads are mounted on a disk that rotates rapidly
across the tape at virtually a 90 degree angle to the path
of the tape. The relative tape-to-head speed is increased
to 1500 inches per second. Frequencies up to 5 MHz can be
recorded. In helical recording (see Fig. 11), one or two
record/playback heads are mounted on a moving drum and
move across the tape in a diagonal curve. The tape may
be from one-half to two inches wide, and the tape speed
may be from 3.75 to 9.6 inches per second. Frequencies
up to 3.2 MHz can be recorded by this method.

2 HEADS

CONTROL

HEAD DRUM
Courtesy Ampex Corp.
Fig. 11, Helical recording method.

FUNCTIONAL UNITS OF A TELEVISION TRANSMITTER

A basic block diagram of a television transmitter is
shown in Fig. 12. The viewfinder is an auxiliary optical and
electronic device that is attached to the TV camera to en-
able the operator to see the same scene that the camera
is transducing. A stabilizing amplifier functions to correct
faulty video signals from field pickup equipment and trans-
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Fig. 12. Block diagram of a television transmitter.

mission characteristics such as noise, switching surges,
improper sync-to-signal ratio, and so on. The stabilizing
amplifier includes circuits for separating sync signals, wave-
shapers, sync insertion circuits, and video amplifiers. A
vestigial sideband filter is a filter that is inserted between
an AM transmitter and its transmitting antenna to suppress
part of one of the sidebands. A diplexer is a coupling unit
which allows more than one transmitter to operate together
on the same antenna.

Next, observe the functional block diagram of a channel-6
TV transmitter, shown in Fig. 13. Operating frequencies
and the chief frequency responses are noted in the diagram.
Note that grid modulation is utilized for the picture signal.
This form of modulation preserves the dc component of the
video signal without undue circuit elaboration. In the studio
chain, the dc component of the video signal is reinserted
by means of a clamper (dc restorer). Unless the dc com-
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Fig. 13, Functional block diagram of a channel-6 TV transmitter.
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ponent is maintained, night scenes will appear too light,
and day scenes will appear too dark. As explained subse-
quently, TV receivers may or may not be designed to pre-
serve the dc component of the video signal.

SUMMARY

There are basically two types of TV camera tubes; the
image orthicon and the vidicon. The basic function of the
camera tube is to convert the variable light scenes into a
varying electrical signal corresponding to the light and
dark areas of the picture.

Sync generators, blanking generators, vestigial-sideband
filters, and audio transmitters are all part of the signal
transmitted for properly shaped pulses for horizontal and
vertical deflection, proper blanking during retrace, and
proper sound at the television receiver.
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Video tape recorders are used for many programs. They
offer the advantage of being able to record any program for
a playback at the desired time. Both sound and picture are
included on the magnetic tape and are ready for instant
playback because no time is lost in processing. Video tape
is often used for commercials.

REVIEW QUESTIONS

Name the two types of camera tubes.

Why is the monoscope camera tube used for testing and
adjusting studio equipment?

What is the purpose of the sync pulse transmission?
What is the purpose of the blanking pulse?

Why is a monitor used in transmitting studios?
Why are video tape recorders used?

B =

o o @
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CHAPTER 3

Television Receivers

In the previous chapter, a discussion of the various stages
in a television transmitter was given. In this chapter, the
same type of presentation will be given for the television
receiver. The function of the television receiver is to pick
up the signal from the television station, amplify it, and
employ it to produce visible pictures and audible sound
which, in all details, correspond to the original scene. (See
Fig. 1).

In the television receiver, the received signal is amplified
and separated into its individual components. These com-
ponents are amplified and applied in such a way as to pro-
duce variations in the intensity of the electron beam of the
picture tube. Fig. 2 depicts the components of the received
signal.

Deflection of the beam in the picture tube is accomplished
electromagnetically with coils external to the tube. The oscil-
lators which supply the energy to deflect the beam in the
picture tube operate at the same frequency as the deflec-
tion circuits associated with the camera tube at the picture
tube. The deflection circuits in the receiver are kept in step
with the deflection circuits in the camera by the sync pulses
transmitted as part of the composite video signal.

Thus, the electron beam of the picture tube moves in
synchronism with the electron beam of the camera tube, and
the variations in brilliance at the point of impact on the
picture-tube screen correspond to the illumination on the
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respective areas of the camera tube. In this manner, the
image on the target of the camera tube is dissected and
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Fig. 1. Fundamental block diagram of a television receiver.

the information on each element is transmitted separately
in a manner that permits the television receiver to take the
pulses of information and employ them to produce varia-
tions in illumination on the picture-tube screen. Since the
deflection circuits keep these pulses of illumination in the
same respective positions on the screen, a reproduction of
the original scene is produced.

BLOCK DIAGRAM OF TELEVISION RECEIVER

It should be understood that all television receivers op-
erate on the same general principles. All use the super-
heterodyne principle. All must have certain basic stages.
The actual circuits may differ, but their function is the same.
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(A) Sync pulses and blanking pedestals.

(B) Camera signal,

Il
V

f\
I

(C) Sound signal.

Fig. 2, Basic components of the television signal.

In order to simplify the study of television receiver, it
is customary to employ block diagrams. When you first look
at the circuit of a complete TV receiver, it looks frightening
and very complicated. However, by using the block dia-
gram, the complete circuit can be broken down into its
individual sections, each of which has its own function.

The block diagram of a television receiver is given in Fig.
3. The block diagrams of some will be different, but all will
be basically the same. All of the stages or blocks shown in
Fig. 3 are not used in some receivers, depending on their
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intended price range and application. The blocks shown in
dashed lines in Fig. 3 are the ones most commonly omitted.
Typical stage-gain figures for a television receiver are
noted in Fig. 4.

THE TUNER

Here is how a typical TV receiver works: The signal
from the desired VHF TV station and the signals from all
other stations in the area arrive at the VHF antenna. All
of these signals travel down the transmission line to the
RF amplifier. The RF amplifier selects only the desired
signal and rejects all others. The desired signal is amplified
by the RF amplifier and coupled to the mixer. In the mixer
stage the amplified signal from the RF amplifier and a sig-
nal from the local oscillator are beat together (heterodyned)
to produce a lower, or intermediate frequency. The mixer
and the local oscillator are shown in one block in Fig. 3
because, in modern TV receivers, these stages are always
two portions of the same tube.

When receiving a UHF signal, the procedure is slightly
different from that described in the foregoing. The signals
from the UHF station also arrive at the antenna. The UHF
signals travel down the transmission line and arrive at the
UHF tuner, where the signals from the desired station are
selected and applied directly to the mixer stage. Here the
signal from the station and the signal from the UHF local
oscillator are heterodyned to form the IF frequency. The
IF output from the UHF tuner is then<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>