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Preface

This book presents a comprehensive course in black-and-white and color television
for electronic technicians and for television servicing. The practical explanations of
television principles and receiver circuits are planned for the student just starting in
television. The book is designed as a text for television courses that foliow a course
in radio or electronics fundamentals.

This edition has been completely revised to emphasize color television, solid-
state circuits, and cable television. Principles of color television are integrated
throughout the entire book since modern television is mainly in color. The first
chapter, Applications of Television, describes the many uses besides broadcasting.
Television receiver circuits are shown with vacuum tubes, transistors, and integrated
circuits. However, the emphasis is on solid-state circuits in modern receivers.
Chapter 7, Television Receivers, describes the main types of semiconductor devices.

On the practical side, the book explains troubleshooting principles that are
helpful in repairing receivers. All the examples of circuits are from typical television
receivers. Many photographs are used to show actual components. Common trou-
bles are illustrated by photographs from the screen of the picture tube, including
color photographs in color plates | to XV (between text pages 140 and 141). In addi-
tion, oscilloscope photographs show actual waveshapes.

Each chapter on receiver circuits ends with the main troubleshooting problems
associated with that section. Furthermore, Chapter 19, Troubles in the Raster and
Picture, describes common troubles for all the sections in the complete receiver.
Troubleshooting techniques with details on the use of the oscilloscope, meters, and
signal generators are explained in Chapter 28, Receiver Servicing. This chapter has a
foldout page with complete circuit diagrams of a monochrome receiver with vacu-
um tubes and a solid-state color receiver, including oscilloscope waveforms and a
pictorial diagram of the printed-wiring board.

Organization of contents. This fourth edition, like the first three, presents the basic
material first, with continuity from topic to topic in explaining the television system.
Firstis an introductory chapter on the applications of television. Then Chapters2to 6

xv




xvi PREFACE

describe the details of a television picture, how camera tubes convert the light image
into an electrical signal, the scanning procedure, how the composite video signal is
formed, and how the signal is transmitted.

After this analysis of the television system, the general requirements of televi-
sion receivers are described, followed by a detailed description of picture tubes.
Chapter 7 explains the basic circuits in television receivers, mainly for monochrome.
Then Chapter 8 describes the principles of color television. After this, Chapter 9
explains color receivers, with emphasis on the added circuits compared with black-
and-white receivers, especially for the color picture tube. Chapter 10 describes pic-
ture tubes for monochrome and color. Chapter 11 explains the special requirements
for color picture tubes, particularly the purity and convergence adjustments.

The circuits for each receiver section are presented in detail in separate
chapters. The sequence starts with power supplies, followed by the signal circuits,
including video, AGC, and sync circuits. Then the fundamental receiver circuits for
color are described, with a separate chapter on automatic color circuits, including
one-button tuning.

At this point, the chapter on raster and picture troubles explains how the
deflection circuits in the receiver produce the scanning raster. Both the vertical and
horizontal scanning circuits are considered here, in terms of the raster on the screen
of the picture tube. Then separate chapters explain the details of deflection oscilla-
tors, vertical deflection circuits, and horizontal deflection circuits, including the
flyback high-voltage supply.

After the deflection circuits for the raster are discussed, there are chapters on
the IF and rf circuits, including the FM sound signal. Antennas and transmission lines
for the television receiver are explained, with a separate chapter on cable distribution
systems.

The last chapter on receiver servicing describes troubleshooting techniques
and test equipment, with details on color-bar generators. Atthe end are two complete
receiver circuits to show how all the sections fit together.

New chapters and reorganization. The importance of color television can be seen
from the fact that four chapters are devoted to it in this edition. Furthermore, the prin-
ciples of color television are explained toward the beginning of the book instead of
leaving this topic for last. After the principles are explained, the block diagram of a
color television receiver is analyzed in Chapter 9. This is a new chapter with many im-
portant features of color receivers that do not depend on knowledge of color circuits.
The details of color circuits are in Chapter 17, and an explanation of automatic color
circuits is in Chapter 18, which is also a new chapter.

The new Chapter 19, Troubles in the Raster and Picture, has two purposes. |t
introduces general troubles for all the receiver sections without the need for details of
the deflection circuits. Also, this chapter shows how the vertical and horizontal
deflection circuits work together to form the raster.




The requirements of an installation with multiple receivers are explained in the
new Chapter 26, Cable Distribution Systems. This chapter indicates the importance of
cable TV in modern television. Last but not least, is the new Chapter 1, Applications of
Television, which describes television broadcasting, color television systems, and ad-
ditional ways of using television principles, including video tape recording.

Teaching aids. In this edition, each chapter has a short introduction that describes
the main features, followed by a list of the topics explained in the chapter. As a result,
the reader can visualize what material is to be learned in each step. The specific order
usually helps in understanding the subject. Each chapter also has a summary at the
end.

Because self-testing materials have proved successful, the chapters conclude
with:

1. Self-examination questions, including multiple-choice, true-false, fili-in, and
matching questions. These are based mainly on the summary. Answers are given
at the back of the book.

2. Thorough and specific essay questions for review, including functions of compo-
nents and troubleshooting problems. These questions generally require drawing
schematic diagrams, referring to the diagrams in the text, reviewing definitions,
and applying the text material.

3. A separate group of numerical problems for practice in quantitative work. Many
of these problems review the fundamentals of electronic circuits applied to televi-
sion receivers. Examples include RC time constant, decibels, induced voltages,
and resonance. Answers to selected problems are given at the back of the book.

The self-testing exercises are helpful in organizing class work and reviewing
the most important features of each chapter. In addition, the book can be used for
self-study, since students can check their own progress. A bibliography at the end of
the book lists helpful references for more information on television, especially color
television, and further study on solid-state circuits.

Credits. The schematic diagrams and photographs have been made available by
many companies in the television field, as noted in each illustration. This courtesy is
gratefully acknowledged. | want to thank my colleague Gerald McGinty for his in-
valuable assistance in reviewing the entire manuscript.

For the final credit, it is a pleasure to thank my wife Ruth for her excellent work
in typing the manuscript.

Bernard Grob
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Applications
of Television

|

Television means “to see at adistance.” In our practical television system, the visual
information in the scene is converted to an electric video signal for transmission to
the receiver. Then the image is reassembled on the fluorescent screen of the picture
tube (Fig. 1-1). In monochrome television, the picture is reproduced as shades of
white, gray, and black. In color television, the main parts of the picture are reproduced
in all their natural colors as combinations of red, green, and blue.

Originally, the techniques of television were developed for commercial broad-
casting, which started in 1941. The ability to reproduce pictures electronically has
proved so useful though that many more applications of television are used now for
education, industry, business, and visual communications in general. The main
applications are described briefly in the following topics:

1-1  Television broadcasting
1-2  Television broadcast channels
1-3  Color television
1-4  Cable television (CATV)
1-5  Closed-circuit television (CCTV)
1-6  Picture phone
1-7  Facsimile
1-8  Satellites for worldwide television
1-9  CRT numerical displays

1-10  Video recording

1-11 Development of television broadcasting
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1-1 Television
Broadcasting

The term "broadcasting’” means to send out in
all directions. As illustrated in Fig. 1-2, the
transmitting antenna radiates electromagnetic
radio waves that can be picked up by the receiv-
ing antenna. For commercial television broad-
cast stations, the service area is about 25 to 75
mi in all directions from the transmitter. The ra-
diation is in the form of two rf carrier waves,
modulated by the desired information. Ampli-
tude modulation (AM) is used for the picture sig-
nal. However, frequency modulation (FM) is
used for the sound signal.

Referring to Fig. 1-2, we see that the
desired sound for the televised program is con-
verted by the microphone to an audio signal,
which is amplified for the sound-signal transmit-
ter. For transmission of the picture, the camera

Receiver
Antenna Light
Picture -
/1 Video signal tube =
> for the =
picture 5
~
Picture
Sync and
==ans sopnd scanning
circuits
Sound (]
signal
Loudspeaker

FIGURE 1-2 BLOCK DIAGRAM OF THE TELEVISION BROADCASTING SYSTEM.



tube converts the visual information into elec-
trical signal variations. A camera tube is a
cathode-ray tube with a photoelectric image
plate. A common type is the vidicon camera
tube shown in Fig. 1-3.

The electrical variations from the camera
tube become the video signal," which contains
the desired picture information. The video sig-
nal is amplified and coupled to the picture-sig-
nal transmitter for broadcasting to receivers in
the service area.

Separate carrier waves are used for the
picture signal and sound signal, but they are
radiated by one transmitting antenna. Further-
more, the picture and sound signals are in-
cluded in the broadcast channel for each sta-
tion. A television _channel_for a—_commercial
broadcast station is made 6 MHz wide to include
both the picture and sound. At the receiver also,
oneé antenna is used for the picture and sound
signals.

The receiving antenna intercepts the ra-
diated picture and sound carrier signals, which
are then amplified and detected in the receiver.
The detector output includes the desired video
signal containing the information needed to
reproduce the picture. Then the recovered
video signal is amplified and coupled to a pic-

*Video is Latin for “'see’’; audio means "hear.”

FIGURE 1-3 VIDICON CAMERA TUBE. LENGTH IS 6 IN.
(RCA)

APPLICATIONS OF TELEVISION 3

1-4 MONOCHROME TUBE TYPE

PICTURE
NUMBER 18VAUP4. SCREEN DIAGONAL IS 18 IN THE P4 IN-
DICATES WHITE PHOSPHOR SCREEN. (SYLVANIA ELEC-
TRIC PRODUCTS)

FIGURE

ture tube that converts the electric signal back
into light.

Reproducing the picture. The picture tube in
Fig. 1-4 is very similar to the cathode-ray tube
used in the oscilloscope. The glass envelope
contains an electron-gun structure that pro-
duces a beam of electrons aimed at the fluores-
cent screen. When the electron beam strikes the
screen, it emits light.

When the signal voltage makes the con-
trol grid less negative, the beam current is
increased, making the spot of light on the screen
brighter. More negative grid voltage reduces the
brightness. If the grid voltage is negative
enough to cut off the electron-beam current at
the picture tube, there will be no light. This state
corresponds to black. A color picture tube has
three electron guns for the tricolor screen.

The picture tube is also called a kine-




4 BASIC TELEVISION

scope or a CRT. Its function is to convert the
video signal into a picture.

Scanning and synchronizing. |n order for the
camera tube to convert the picture information
into video signal, the image is dissected into a
series of horizontal lines. Similarly, the picture
tube reassembles the image line by line. These
horizontal lines are produced by making the
electron beam scan across the screen. There
are 525 lines per picture frame. In addition to
this horizontal scanning, vertical scanning is
necessary to spread the lines from top to bottom
of the screen. There are 30 complete picture
frames per second.

Furthermore, the scanning at the camera
tube and picture tube must be synchronized, or
timed, with respect to the video signal. The syn-
chronization is necessary to reassemble the pic-
ture information on the correct lines. These
functions are provided by the block of scanning
and synchronizing circuits shown in Fig. 1-2 for
the transmitter and receiver. The term ‘'syn-
chronizing’ is usually abbreviated sync.

Most programs are produced live in the
studio but recorded on video tape at a conven-
ient time, to be shown later. The quality is so
good that the picture looks practically the same
as a live program. The studio also has projec-
tors to use 35-mm still slides, opaque slides, and
motion-picture film, either 16 or 35 mm, as the
program source.

For remote pickups, as in broadcasting a
sports event, the signal is relayed to the studio
for broadcasting in the assigned channel. When
there is a national hookup for important pro-
grams, each station in the network receives
video signal by intercity relay links, usually
leased from the telephone company. A system
for satellite relay stations covering the country is
being developed for this nationwide television
service.

1-2 Television
Broadcast Channels

The band of frequencies assigned for transmis-
sion of the picture and sound signals is a televi-
sion channel. Each television broadcast station
is assigned by the Federal Communications
Commission (FCC) a channel 6 MHz wide in one
of the following frequency bands: 54 to 88 MHz,
174 to 216 MHz, and 470 to 890 MHz. The first
and second bands are in that very high
frequency (VHF) spectrum of 30 to 300 MHz orig-
inally used for television broadcasting. The
band of 54 to 88 MHz includes channels 2 to 6,
inclusive, which are the low-band VHF television
channels; the band of 174 to 216 MHz includes
channels 7 to 13, inclusive, which are the high-
band VHF television channels. See Table 1-1.

The band of 470 to 890 MHz is in the
ultrahigh-frequency (UHF) spectrum of 300 to
3,000 MHz. This band includes the UHF televi-
sion channels 14 to 83, inclusive. These have
been added to the previous VHF television chan-
nels to provide more channels for the expanding
television broadcast service.

In all bands, each television broadcast
channel is 6 MHz wide. The 6-MHz bandwidth is
needed for the picture carrier signal, which is
amplitude-modulated by the wide range of video
signal frequencies up to 4.2 MHz. For color
broadcasts, a 3.58-MHz color video signal is
combined with the monochrome video signal so
that both can be transmitted as one picture
carrier signal. Also included in the 6-MHz chan-
nel is the associated sound carrier signal.

The following notes apply to Table 1-1.
The band of 44 to 50 MHz was originally allo-
cated as television channel 1, but it is now as-
signed to other services. The FM radio broad-
cast band of 88 to 108 MHz is just above channel
6, but this service is not related to television
broadcasting. Between television channels 4




TABLE 1-1 TELEVISION CHANNELS

CHANNEL FREQUENCY BAND,
NUMBER MH2z
1 not used
2 54-60
S 60-66
4 66-72
5 76-82
.6 82-88
FM band 88 108
7 174-180
8 180-186
9 186-192
10 192-198
11 198-204
12 204-210
13 210-216
14-83 470-890

and 5 the frequencies skip from 72 to 76 MHz
because this band of frequencies is assigned for
other uses, including air navigation. More de-
tails on frequency allocations are listed in Ap-
pendix B at the back of the book.

1-3 Color Television

The block diagram in Fig. 1-2 illustrates the tele-
vision broadcasting system for monochrome. In
color television, a color camera is necessary at
the transmitter and a color picture tube at the
receiver. The color camera provides video sig-
nal for the red, green, and blue picture informa-
tion. A color picture tube has red, green, and
blue phosphors on the viewing screen to repro-
duce the picture in color. A typical color picture
tube is shown in Fig. 1-5. This type has three
electron guns for the tricolor screen. The
phosphors can be dot trios of red, green, and
blue, or vertical stripes of color as in Fig. 1-1.
Then each gun produces an electron beam to il-
luminate the red, green, or blue phosphor dots
on the fluorescent screen.
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Although the camera and picture tube
operate with red, green, and blue, all other
colors including white can be reproduced by
combinations of these three colors. Further-
more, in commercial television, the red, green,
and blue signals are combined for broadcasting.
The purpose is to transmit only a chrominance
signal for color and a luminance signal that con-
tains the monochrome information. It is neces-
sary to transmit the luminance signal sco that
monochrome receivers can reproduce the pic-
ture in black and white. The chrominance signal
or chroma signal has all the information needed
to reproduce the picture in color.

The luminance signal is called the Y video
signal. The chrominance signal can be called
the C signal. Actually the C signal is a modu-
lated subcarrier of 3.58 MHz. This 3.58-MHz C
signal modulates the assigned picture carrier in
the standard 6-MHz television broadcast chan-
nel Furthermore, the 3.58-MHz chrominance
signal itself is modulated by two color video sig-

FIGJRE 1-5 COLOR PICTURE TUuBE TYPE NUMBER
18VATP22. THE P22 INDICATES SCREEN WITH RED. GREEN.
AND BLUE PHOSPHORS. (ZENITH CORPORATION)
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nals. The process of interweaving the Y signal
for luminance with the 3.58-MHz color subcar-
rier signal for color is called multiplexing. In
terms of the modulated chrominance signal,
3.58 MHz is the frequency for color in the televi-
sion broadcast system.

Almost all programs now are broadcast in
color. However, monochrome receivers use
only the luminance signal to reproduce the pic-
ture in black and white. Color receivers use both
the chrominance and luminance signals. On the
screen of the picture tube, the color information
is superimposed on the black-and-white picture.
It should be noted that the color receiver can
also reproduce the picture in monochrome. In
fact, if you turn down the color control, or if the
3.58-MHz chrominance signal is missing, you
will see a normal black-and-white picture.

1-4 Cable Television
(CATV)

When practical radio transmission started in the
year 1901, the low radio frequencies of about
100 kHz were used for long distances of
hundreds to thousands of miles. As radio devel-
oped, higher frequencies were used for services
requiring more bandwidth. Now we have televi-
sion broadcasting in the VHF band of 30 to 300
MHz and the UHF band of 300 to 3,000 MHz.
However, the distance for wireless transmission
becomes much shorter at these high frequen-
cies. Broadcasting is practically limited to the
line-of-sight distance between the transmitting
and receiving antennas in the VHF and UHF
bands. The useful service range is up to 75 mi
for VHF stations and 25 to 35 mi for UHF sta-
tions.

Another problem in the VHF and UHF
bands is that the wavelength is short enough to
allow reflections of the signal by metal struc-
tures, such as bridges, steel buildings, and even

airplanes. The result is multipath reception of
the direct and reflected signals. In the picture,
the multipath signals produce multiple images
called ghosts.

In many cases, the problems of ghosts
and weak signals are solved best by going back
to the idea of sending signals by wire cable, as in
a telephone system. A cable television system
provides broadcasting service by a network of
coaxial cables. The rf sound and picture carrier
signals, including color, are distributed as
standard 6-MHz channels to subscribers who
pay for this service. Coaxial cable is used
because its shielding eliminates pickup of inter-
ference or radiation by the lines. The cable
supplies at least 1 mV of signal for a strong pic-
ture with no snow and no ghosts.

The block diagram in Fig. 1-6 illustrates
the head end, trunk lines, and subscriber lines
with the required amplifiers. The head end is the
source of the signals for the trunk lines, which
are the main distribution lines.

Cable television started as an aid for
improving reception in two opposite types of
locations. The signal is weak in remote areas far
from the broadcast transmitter or in a valley
blocked by mountains. In big cities, the trans-
mitter may be close, but tall buildings cause
multipath reflections. For both types of location,
cable television has solved the problem. Be-
cause of its advantages, cable television has
grown to the point where it supplies 50 percent
of the homes in some cities and rural areas. In
addition to its ability to supply good signal,
cable television provides more channels for the
subscriber and new services besides commer-
cial broadcast programs. See Table 1-2. In a
typical cable TV service, there are usually 24
channels, in two sets of 12. Typical costs for the
subscriber are an installation fee of $10 to $25
and a monthly charge of $4 to $6 per month for
each receiver outlet.
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FIGURE 1-6 BLOCK DIAGRAM OF

Subscriber lines CABLE TV SYSTEM

The methods of broadcasting television
signals by cable apply to several other applica-
tions, which are also important but on a smaller
scale. For instance, in a hotel, motel, or apart-
ment house, a master antenna can supply signal
for all the outlets in the building. This system is
called master-antenna television (MATV).

1-5 Closed-Circuit
Television (CCTV)

In this system the video signal output from the
camera is connected directly by cable to moni-

tors at a remote position, where the picture is
reproduced on the screen of the picture tube. A
television monitor is a receiver without the -f and
IF circuits for tuning. About a 1-V peak-to-peak
video signal is required for the monitor. There
are any number of possible uses for CCTV in ed-
ucation, industry, medicine, and the home, but
just a few are listed here:

Education. One teacher for many classrooms:
closeup views of experiments.

Industrial. Night watchman; remote inspection
of materials; observe nuclear reactions.

TABLE 1-2 PROGRAM SOURCES FOR CABLE TELEVISION

TYPE

Commercial programs

Local community programs
Educational television

Local sports

Continuous time and weather
Continuous stock market quotations
Special events'—theatre and sports

“May require extra subscription fee from subscriber.

SOURCE

Off the air from broadcast channels

Local CATV studio

Direct wire from schools

Remote pickup from mobile microwave equipmen:
Local CATV studio

Local CATV studio

Local CATV studio or direct wire from theatre
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Business. Train personnel; observe customers
and salespeople.

Medicine. Show operation to students; ob-
serve patients in bed (Fig. 1-7).

Traffic Control. Observe both ends of a tunnel
or bridge; control freight traffic in railroad
yard.

Home. Door monitor; babysitter; observe per-
son sick in bed.

Surveillance. Stores; banks; traffic control;
crime control.

Since the video signal is not transmitted,
CCTV equipment need not follow the standards
of television broadcasting. The cameras are
very compact, as shown in Fig. 1-8. CCTV
equipment is available for monochrome and

FIGURE 1-7 CLOSED-CIRCUIT TV IN HOSPITAL TO OB-
SERVE PATIENTS. (COLUMBIA-PRESBYTERIAN MEDICAL
CENTER)

FIGURE 1-8 APPLICATION OF CLOSED-CIRCUIT TELEVI-
SION (CCTV) IN TEACHING.

color. The camera lenses are usually the same
as for 16-mm film cameras. In some applica-
tions, the CCTV program is recorded, either on
16-mm film or on magnetic tape, to be played
back at a later time. Furthermore the monitor
display can be a large-screen projection unit, as
shown in Fig. 1-9.

Theatre television. Special programs can be
shown on a large screen by optical projection in
a theatre, which usually presents important
sports events that are not broadcast for the
public. The theatre charges a box-office fee to
see the show.| Usually, the video signal is
supplied by coaxial cable, as another applica-
tion of closed-circuit television. For color, three
projection picture tubes are used, one each for
red, green, and blue. Then the three color pic-
tures are superimposed in register on one
screen.

Projection of the light image on the face
of the picture tube is usually by the Schmidt
reflective system, preferred because of its ef-
ficiency for maximum brightness. This method




FIGURE 1-9 PROJECTION UNIT FOR TELEVISION PICTURE
UP TO 9 x 12 FT. BASE OF PROJECTOR IS 13.5 IN. WIDE.
(KALART VICTOR CORPORATION)

is adopted from the Schmidt astronomical cam-
era, which uses a spherical mirror to reflect and
enlarge the image. With 80 kV on the anode of
the picture tube, there is enough light for a pic-
ture 20 x 15 ft, at a projection throw distance of
80 ft. The same idea of projection television can
be used for a home video theatre with a screen
4 x 3 ft,

Pay television. The idea of charging a fee for
special programs is pay TV, box-office TV, or
subscription TV. Besides theatre television, this
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service is also provided on an experimental
basis in hotels and to homes in some areas. The
features include first-run films, sports events,
and cultural programs. Distribution of the signal
can be by cable or over-the-air transmission in a
particular channel. At the receiver, a special
decoder or unscrambler is used that enables the
receiver to produce the picture and to record the
charge made for the program.

1-6 Picture Phone

This system adds television to the telephone ser-
vice, so that we can see as well as hear each
other. Asshownin Fig. 1-10, a picture-phone in-
stallation includes a CRT display unit and small
camera for the picture with a 12-button phone.
The picture has 250 lines per frame, 30 frames

FIGURE 1-10 PICTURE-PHONE INSTALLATION. (BELL
TELEPHONE LABORATORIES)
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per second, and video frequencies limited to 1
MHz. However, more scanning lines and a wider
video-frequency bandwidth may be used for a
picture with better resolution. Picture-phone
service is also useful for showing still pictures of
drawings, photographs, and equipment.

1-7 Facsimile

This application is the electronic transmission of
visual information, usually a still picture, over
telephone lines. Facsimile is also called slow-
scan television. Since there is no motion in the
scene, the scanning for facsimile can be rela-
tively slow. A typical rate is 360 scanning lines
winute. One important use is the facsimile
mail service being used between New York City
and Washington, D.C. by the U.S. Post Office. A
typical facsimile unit is shown in Fig. 1-11.

1-8 Satellites for
Worldwide Television

Transmission in the VHF and UHF bands is limit-
ed to the line-of-sight distance to the horizon.
Therefore, satellite stations circling the globe
are necessary for television transmission over

FIGURE 1-11 FACSIMILE UNIT FOR SENDING COPIES OF
DOCUMENTS OVER TELEPHONE LINES. (TELAUTOGRAPH
CORPORATION)

long distances. A satellite orbit is hundreds to
thousands of miles above the earth. Satellites
for worldwide communications are now an es-
tablished part of television and telephone ser-
vice, operated in the United States by Com-
munications Satellite Corporation (COMSAT) in
cooperation with the 82-nation International
Telecommunications Satellite (/ntelsat) Consor-
tium. There are satellites over the Atlantic, Pa-
cific, and Indian oceans operating as relay sta-
tions between 40 ground stations around the
world. The first satellite used for television was
Telstar in 1962.

A further step for satellites is a domestic
system in each country. In Canada, Anik 1 and
Anik 2 are the first domestic satellites to provide
communications between the east and west
coasts for Canada and the United States, includ-
ing Alaska. For television in the United States,
work is being done on satellites to broadcast di-
rectly to receivers throughout the country, using
the standard 6-MHz channels.

The Intelsat IV in Fig. 1-12 is a relay sta-
tion for international communications, provid-
ing either 5,000 two-way phone circuits or 12 si-
multaneous color TV broadcasts. Typical trans-
mission frequencies are 6,000 MHz for the up
path to the satellite and 4,000 MHz for the down
path to the ground station.

The ground station converts the satellite
signal to local standards for transmission on
commercial TV broadcast channels. With dif-
ferent television standards in Europe and the
United States, a converter at the ground station
changes the video signal to the required form.
The scanning standards are 525 lines per frame
and 30 frames per second in the United States,
Canada, South America, and Japan. However,
most of Europe uses 625 lines per frame and 25
frames per second. Furthermore, our color sys-
tem uses the National Television Systems Com-
mittee (NTSC) method. In Europe, the Phase-Al-
ternate-Line (PAL) system is generally used for



FIGURE 1-12 INTELSAT IV SATELLITE FOR INTERNA-
TIONAL COMMUNICATIONS. (HUGHES AIRCRAFT COM-
PANY)

color television. The converter at the ground
station can change between scanning stand-
ards: from PAL to NTSC color or from NTSC to
PAL color. More details on television standards
throughout the world are listed in Appendix C.

1-9 CRT Numerical
Displays

The cathode-ray tube used for reproducing the
picture in television is basically an electronic
display that can be used for many kinds of visual
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FIGURE 1-13 CRT NUMERICAL DISPLAY FOR STOCK QUO-
TATION SERVICE. (BUNKER-RAMO)

information. An example is the numerical
display, shown in Fig. 1-13, for quoting stock
prices as a financial service. Although it is a
numerical display, the picture tube still requires
video signal, scanning, and synchronizing. The
video signal varies the intensity of the electron
beam to illuminate the characters. The synchro-
nizing signal regulates the scanning in accord-
ance with a preestablished pattern to determine
the shape for each digit or letter.

1-10 Video Recording

The video signal can be recorded on magnetic
tape for picture reproduction, similar to audio
tape recording for the reproduction of sound.
Figure 1-14 illustrates the elements of a magnet-
ic tape recorder. The tape consists of very fine
particles of magnetic iron oxide coated on a
plastic base. The transport mechanism pulls the
tape past the record-playback head. Since the
head contains many turns of fine wire, its mag-
netic field reacts with the magnetic tape. On the
recording position, signal current magnetizes
the tape, with the same variations as the signal.
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FIGURE 1-14 ESSENTIAL FUNCTIONS OF A REEL-TO-REEL TAPE RECORDER. THE TAPE

CAN ALSO BE IN A CASSETTE OR CARTRIDGE

On playback, the moving magnetic tape induces
signal current in the head. The record-playback
switch determines whether the machine records
or plays back. Although a reel-to-reel recorder
is shown here, the same functions apply to cas-
settes or cartridges that hold the tape.

The problem in video recording is the ex-
treme ratio of highest to lowest signal frequen-
cies. Compared with 20 to 20,000 Hz for audio
signal, the video-frequency range is from 30 Hz
to 4 MHz, approximately. High-frequency re-
sponse is limited by the size of the gap in the
head and by the speed of the tape. The nonmag-
netic gap is usually silicon dioxide, which is sim-
ilar to glass, with a width only 850 x 10" cm.

To provide an effective increase in tape
speed, rotating heads can be used. The relative
head-to-tape speed is the writing speed.
Another technique is helical scan, where the
head records diagonally across the width of the
tape. Finally, the video-frequency bandwidth is
reduced to about 2.5 MHz, for portable record-
ers.

In all cases, the video is recorded as an
FM signal on a carrier of approximately 5 MHz.

The main reason for the FM recording is to
reduce amplitude distortion on playback that
can be caused by mistracking of the rotating
heads. The tape speed is generally 7'/, in./s.

Almost all television studio programs are
taped, but the picture quality is so good that it
looks practically the same as a live program.
Professional video tape recorders generally use
rotating heads with full video bandwidth of 4
MHz on 1-in. tape for monochrome or color.
However, smaller and lower-priced video tape
recorders using '/,-in. tape are made for closed-
circuit TV or for use in the home. They can
record and play back programs on a television
monitor or a receiver, in monochrome and color.
In addition, small portable cameras are available
for a complete television system with the record-
er (Fig. 1-15). These portable systems are also
used for taping television programs from a
remote location away from the broadcast studio.
A reel-to-reel recorder is shown in Fig. 1-15, but
video cassettes are also used.

In addition to video tape recording (VTR),
playback units also use video disk recording
(VDR). The disks are similar to phonograph



records, but a much greater frequency response
is needed for video signal. As one example, an
8-in. disk rotating at 1,500 rpm has a playback
time of 10 min. Either a mechanical stylus can
be used or the disk is scanned optically by a
laser light beam. The video disks are much more
economical than magnetic tapes. However, the
disks are generally used for playback only, while
video tape is for recording and playback.

1-11 Development of
Television Broadcasting

The start can be taken from the year 1945 when

the Federal Communications Commission (FCC)
assigned the VHF channels 2 to 13 now used for
commercial television. Originally, channel 1 at
44 to 50 MHz was also allocated, but these
frequencies were assigned in 1948 to mobile
radio services because of interference prob-
lems.

The first popular television receiver, RCA
model 630 TS, was marketed in 1946. Thiswas a
30-tube receiver, with a 10-in. round screen.
Two important circuits for television first used in
this receiver are as follows:

1. Flyback high-voltage supply. This circuit

FIGURE 1-15 VIDEO TAPE RECORDER WITH HAND-HELD
CAMERA 15 IN. LONG. (SONY CORPORATION OF AMERICA)
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produces anode voltage for the picture tube,
which is needed for brightness, from the
sharp change in current during horizontal
retrace. Unless the horizontal scanning cir-
cuits are operating, there is no high voltage
for the picture tube and no light on the
screen.

2. Horizontal automatic frequency control
(AFC). This circuit improves the horizontal
synchronization. With horizontal AFC, the
picture will break into diagonal segments if
it is out of sync.

These circuits are still used in practically
all television receivers, for color or mono-
chrome, that use tubes or transistcrs.

In 1947, R. B. Dome of General Electric
proposed the method of intercarrier sound for
television receivers. In this system, the sound
signal in the receiver is detected as the 4.5-MHz
difference frequency between the rf picture and
sound carrier frequencies. The advantage lies in
easier tuning of the sound signal, especially on
UHF channels.) All television receivers now use
intercarrier sdund, with a common IF amplifier
for both the picture and sound signals. As a
result, there will be no picture and no sound if
the picture IF amplifier is not operating.

Color television broadcasting developed
from earlier systems that suffered from mechan-
ical problems, incompatible scanning stand-
ards, and excessive bandwidth. In 1949, experi-
mental systems were demonstrated to the FCC
by Columbia Broadcasting System (CBS) and by
Radio Corporation of America (RCA). The CBS
method used a color wheel rotating in front of a
black-and-white picture tube. The color infor-
mation was produced in a sequential pattern
that required scanning frequencies ditferent
from the monochrome standards for a 5-MHz
broadcast channel. The RCA method was all
electronic and compatible with monochrome
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broadcasting. The FCC approved the CBS color
system for commercial broadcasting because of
excellent color reproduction. However, this ap-
proval was soon withdrawn in favor of the color
system developed by the National Television
Systems Committee (NTSC). This committee, as
part of the Electronic Industries Association
EIA, also developed the standards used for
black-and-white television. The NTSC system
adopted by the FCC in 1953 is the method used
now for all commercial color television in the
United States and in most of the countries of
North and South America. The details of the
NTSC system with its 3.58-MHz chrominance
signal are described in Chap. 8 on Color Televi-
sion.

In 1952, the UHF channels 14 to 83 were
assigned by the FCC to provide for more televi-
sion broadcast stations. Some of these chan-

SUMMARY

nels are reserved for educational television
operated by schools.

In 1962, worldwide television transmis-
sion was made possible by the use of satellites
circling the earth. The Telstar project of Ameri-
can Telephone and Telegraph Company was the
start. Now there are several satellites for world-
wide communications, operated by COMSAT in
the United States and by Intelsat internationally.

In 1964 a federal law was passed that all
television receivers shipped in interstate com-
merce must have rf tuners for both the VHF and
UHF channels. In 1972, it was required that the
UHF tuning must be as accurate as the VHF tun-
ing. These laws were passed to increase the use
of the UHF television broadcast channels. What
was the channel 1 position on the VHF tuner is
now used for switching on the UHF tuner.

1. A commercial television broadcast station uses a 6-MHz channel for the AM pic-

ture carrier signal and FM sound carrier signal. Channels 2 to 13 are in the VHF
band; channels 14 to 83 are in the UHF band.

2. The camera tube converts the light image into video signal voltage. The picture
tube converts the video signal back into light to reproduce the picture.

3. Incolor television, 3.58 MHz is the frequency used for the chrominance signal. A
color picture tube has red, green, and blue phosphors to reproduce the picture in
all its natural colors.

4. In cable television (CATV), the rf picture and sound signals are distributed by a
network of coaxial cable to subscribers who pay for this service.

5. In closed-circuit television (CCTV), the video and audio signals are connected di-
rectly by coaxial cable to monitors or receivers at a remote location.

6. Facsimile, or slow-scan television, is a system for transmitting still pictures over
telephone lines.

7. Satellites are used as relay stations to provide worldwide television broadcasting.

8.

In video tape recording, the video signal is recorded on magnetic tape, similar to
the process of tape recording for audio signal.
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Self-Examination (Answers at back of book)

G (0 o> (O [® =

Answer True or False.

The picture carrier signal is AM, but the sound carrier signal is FM.

Channel 6 is 66 to 72 MHz.

In color television, 3.58 MHz is the frequency of the chrominance signal.

A picture tube converts video signal to audio signal.

A camera tube converts a light image into video signal.

With a flyback high-voltage supply, there cannot be any light on the screen of the
picture tube unless the horizontal scanning circuits are operating.

The range of video signal frequencies is much greater than for audio frequen-
cies.

For intercarrier sound receivers, the frequency for the sound signal is 4.5 MHz.
Facsimile is for still pictures, but television can skow motion in the scene.

A television picture frame consists of 525 horizontal scanning lines, repeated
every '/, S.

Essay Questions

1.

oo s wN

Define the following abbreviations: AM, FM, FCC, NTSC, EIA, VTR, CATV, CCTV,
and AFC.

Give the frequency bands for the following channels: 2, 6, 7, 13, 14, and 83.
Give two uses for closed-circuit television.

Describe briefly the functions of the camera tube and picture tube.

Define intercarrier sound.

Describe briefly four applications of the principles of a television picture.

15




The Television
Picture

Television is basically a system for reproducing a still picture such as a snapshot.
However, the pictures are shown one over the other fast enough to give the illusion of
motion. One picture frame by itself is just a group of small areas of light and shade.
This structure can be seen in Fig. 2-1b, which is a magnified view to show the details
of the still picture in a. All the details with varying light and dark spots provide the
video signal for the picture information.

We consider black-and-white or monochrome pictures first because these
requirements apply for color also. A color television picture is just a monochrome
picture with color added in the main areas of the scene. More details are described in
the following topics:

2-1  Picture elements
2-2  Horizontal and vertical scanning
2-3  Motion pictures
2-4  Frame and field frequencies
2-5 Horizontal and vertical scanning frequencies
2-6  Horizontal and vertical synchronization
2-7  Horizontal and vertical blanking
2-8 The 3.58-MHz color signal
2-9  Picture qualities
2-10  The 6-MHz television broadcast channel
2-11  Standards of transmission



(a)
FIGURE 2-1 (a) A STILL PICTURE. (b) MAGNIFIED VIEW TO SHOW PICTURE ELEMENTS

2-1 Picture Elements

A still picture is fundamentally an arrangement
of many small dark and light areas. In a pho-
tographic print, fine grains of silver provide the
differences in light and shade needed to repro-
duce the image. When a picture is printed from
a photoengraving, there are many small black
printed dots which form the image. Looking at
the magnified view in Fig. 2-1b, we can see that
the printed picture is composed of small ele-
mentary areas of black and white. This basic
structure of a picture is evident in newspaper
photographs. If they are examined closely, the
dots will be seen because the picture elements
are relatively large.

Each small area of light or shade is a pic-
ture element or picture detail. All the elements
contain the visual information in the scene. |If
they are transmitted and reproduced in the same
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(b)

degree of light or shade as the original and in
proper position, the picture will be reproduced.

As an example, suppose that we want to
transmit an image of the black cross on a white
background, shown at the left in Fig. 2-2, to the
right side of the figure. The picture is divided
into the elementary areas of black and white
shown. Picture elements in the background are
white, while the elements forming the cross are
black. When each picture elementis transmitted

DU ga

FIGURE 2-2 REPRODUCING A PICTURE BY DUPLICATING
ITS PICTURE ELEMENTS
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to the right side of the figure and reproduced in
the original position with its shade of black or
white, the image is duplicated.

2-2 Horizontal and
Vertical Scanning

The television picture is scanned in a sequential
series of horizontal lines, one under the other, as
shown in Fig. 2-3. This scanning makes it possi-
ble for one video signal to include all the ele-
ments for the entire picture. At one instant of
time, the video signal can show only one varia-
tion. In order to have video signal for all the vari-
ations of light and shade, all the picture details
are scanned in a sequential order of time.

The scanning makes a television picture
reproduction different from a photographic
print. In a photo, the entire picture is repro-
duced at one time. In television, the picture is
reassembled line after line and frame over
frame. This factor of time is the reason why a
television picture can appear with the line struc-
ture torn apart in diagonal segments and the
frames rolling up or down the screen.

The scanning is done in the same way you
read to cover all the words in one line and all the
lines on the page. Starting at the top left in Fig.
2-3, all the picture elements are scanned in suc-
cessive order, from left to right and from top to
bottom, one line at a time. This method, called
horizontal linear scanning, is used in the camera
tube at the transmitter to divide the image into
picture elements and in the picture tube at the
receiver to reassemble the reproduced image.

The sequence for scanning all the picture
elements is as follows:

1. The electron beam sweeps across one hori-
zontal line, covering all the picture elements
in that line.

i | |

FIGURE 2-3 HORIZONTAL LINEAR SCANNING, SOLID
LINES SHOW TRACE FROM LEFT TO RIGHT; DASHED LINES
FOR RETRACE FROM RIGHT TO LEFT

2. Atthe end of each line, the beam is returned
very quickly to the left side to begin scan-
ning the next horizontal line. The return
time is called retrace or flyback. No picture
information is scanned during retrace be-
cause both the camera tube and picture tube
are blanked out for this period. The retraces
must be very rapid, therefore, since they are
wasted time in terms of picture information.

3. When the beam is returned to the left side,
its vertical position is lowered so that the
beam will scan the next lower line and not
repeat over the same line. This is ac-
complished by the vertical scanning motion
of the beam, which is provided in addition to
horizontal scanning.

Lines per frame. The number of scanning
lines for one complete picture should be large in
order to include the highest possible number of
picture elements and, therefore, more details.
However, other factors limit the choice, and it
has been standardized at a total of 525 scanning



lines for one complete picture or frame. This
number is the optimum number of scanning
lines per frame for the standard 6-MHz band-
width of the television broadcast channels.

Frames per second. Note that the beam
moves slowly downward as it scans horizontally.
This vertical scanning motion is necessary SO
that the lines will not be scanned one over the
other. The horizontal scanning produces the
lines left to right, while the vertical scanning
spreads the lines to fill the frame top to bottom.

The vertical scanning is at the rate of 30
Hz for the frame frequency of 30 frames per sec-
ond. This value is exactly one-half the ac power-
line frequency of 60 Hz. The frame rate of 30 per
second means that 525 lines, for one complete
frame, are scanned in '/, s.

2-3 Motion Pictures

With all the picture elements in the frame
televised by means of the scanning process, it is
also necessary to present the picture to the eye
in such a way that any motion in the scene ap-
pears on the screen as a smooth and continuous
change. In this respect the television system is
very similar to motion-picture practice.

Figure 2-4 shows a strip of motion-picture
film. Note that it consists of a series of still pic-
tures with each picture frame differing slightly
from the preceding one. Each frame is pro-
jected individually as a still picture; but they are
shown one after the other in rapid succession to
produce the illusion of continuous motion.

In standard commercial motion-picture
practice, 24 frames are shown on the screen for
every second during which the film is projected.
A shutter in the projector rotates in front of the
light source. The shutter allows the light to be
projected on the screen when the film frame is
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still, but blanks out any light during the time
when the next film frame is being moved into
position. As a result, a rapid succession of still-
film frames is seen on the screen.

Persistence of vision. The impression made
by any light seen by the eye persists for a small
fraction of a second after the light source is re-
moved. Therefore, if many views are presented
to the eye during this interval of persistence of
vision, the eye will integrate them and give the
impression of seeing all the images at the same
time. Itis this persistence effect that makes pos-

sessssesinnnesnnss

FIGURE 2-4 A STRIP OF MOTION-PICTURE FILM.
(EASTMAN-KODAK CO.)
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sible the televising of one basic element of a pic-
ture at a time. When the elements are scanned
rapidly enough, they appear to the eye as a
complete picture.

In addition, to create the illusion of mo-
tion, enough complete pictures must be shown
during each second. This effect can be pro-
duced by having a picture repetition rate greater
than 16 per second. The repetition rate of 24
pictures per second used in motion-picture
practice is satisfactory and produces the illusion
of motion on the screen.

Flicker in motion pictures. The rate of 24
frames per second, however, is not rapid
enough to allow the brightness of one picture to
blend smoothly into the next during the time
when the screen is black between frames. The
result is a definite flicker of light as the screen is
made alternately bright and dark. This flicker is
worse at higher illumination levels. In motion-
picture films, the problem of flicker is solved by
running the film through the projector at a rate
of 24 frames per second, but showing each
frame twice so that 48 pictures are flashed on
the screen during each second. A shutter is
used to blank out light from the screen not only
during the time when each frame is being
changed, but once between. Then each frame is
projected twice on the screen. There are 48
views of the scene during each second, and the
screen is blanked out 48 times per second, al-
though there are still the same 24 picture frames
per second. As a result of the increased blank-
ing rate, flicker is eliminated.

2-4 Frame and Field
Frequencies

A similar process is used in television to repro-
duce motion in the scene. Not only is each pic-
ture broken down into its many individual pic-

ture elements, but the scene is scanned rapidly
enough lo provide sufficient complete pictures
or frames per gecond to give the illusion of mo-
ton. Instead of the 24 rate in commercial mo-
tion-picture practice, however, the frame repeti-
tion rate is 30 per second in the television sys-
tem. This repetition rate provides the required
continuity of motion.

The picture repetition rate of 30 per sec-
ond is still not rapid enough to overcome the
problem of flicker at the light levels encountered
on the picture tube screen. Again the solution is
similar to motion-picture practice. Each frame
is divided into two parts, so that 60 views of the
scene are presented to the eye during each sec-
ond. However, the division of a frame into two
parts cannot be accomplished by the simple
method of the shutter used with motion-picture
film, because the picture is reproduced one ele-
ment at a time in the television system. Instead,
the same effect is obtained by interlacing the
horizontal scanning lines in two groups, one
with the odd-numbered lines and the other with
the even-numbered lines. A group of odd or
even lines is called a field.

The repetition rate of the fields is 60 per
second, as two fields are scanned during one
frame period of '/,, s. In this way, 60 views of the
picture are shown during 1 s. This repetition
rate is fast enough to eliminate flicker.

The frame repetition rate of 30 is chosen
in television, rather than the 24 of commercial
motion pictures, because most homes in the
United States are supplied with 60-Hz ac power.
Having the frame rate of 30 per second makes
the field rate exactly equal to the power-line
frequency of 60 Hz. In countries where the ac
power-line frequency is 50 Hz, the frame rate is
25 Hz, making the field frequency 50 Hz. Televi-
sion standards for the United States and other
countries are compared in Appendix C at the
back of the book.



2-5 Horizontal and
Vertical Scanning
Frequencies

The field rate of 60 Hz is the vertical scanning
frequency. This is the rate at which the electron
beam completes its cycles of vertical motion,
from top to bottom and back to top again, ready
to start the next vertical scan. Therefore, vertical
deflection circuits for either the camera tube or
picture tube operate at 60 Hz. The time of each
vertical scanning cycle for one field is '/, S.

The number of horizontal scanning lines
in a field is one-half the total 525 lines for a
complete frame, since one field contains every
other line. This results in 262!/, horizontal lines
for each vertical field. Since the time for a field
is '/,, s and since it contains 262'/. lines, the
number of lines per second is

262'/, x 60 = 15,750

Or, considering 525 lines for a successive pair of
fields, which is a frame, we can multiply the
frame rate of 30 by 525, which equals the same
15,750 lines scanned in 1 s.

This frequency of 15,750 Hz is the rate at
which the electron beam completes its cycles of
horizontal motion, from left to right and back to
left again, ready to start the next horizontal scan.
Therefore, horizontal deflection circuits for ei-
ther the camera tube or picture tube operate at
15,750 Hz.

The time for each horizontal scanning line

is '/y5.720 S. INn terms of microseconds,
. 1,000,000
H time = 15750 us = 63.5 us approx

This time in microseconds indicates that
the video signal for picture elements within a
horizontal line can have high frequencies in the
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order of megahertz. If there were more lines, the
scanning time would be shorter, resulting in
higher video frequencies. Actually, in our
525-line system, the highest video frequency is
limited to approximately 4 MHz because of the
restriction of 6 MHz for the commercial televi-
sion broadcast channels.

2-6 Horizontal and
Vertical Synchronization

Time in scanning corresponds to distance in the
image. As the electron beam in the camera tube
scans the image, the beam covers different ele-
ments of the image and provides the corre-
sponding picture information. Therefore, when
the electron beam scans the screen of the pic-
ture tube at the receiver, the scanring must be
exactly timed to assemble the picture informa-
tion in the correct position. Otherwise, the elec-
tron beam in the picture tube can be scanning
the part of the screen where a man's mouth
should be while at that time the picture informa-
tion being received corresponds to his nose. To
keep the transmitter and receiver scanning in
step with each other, special synchronizing sig-
nals must be transmitted with the picture infor-
mation for the receiver. These timing signals are
rectangular pulses used to control both trans-
mitter and receiver scanning.

The synchronizing pulses are transmitted
as a part of the complete picture signal for the
receiver, but they occur during the blanking time
when no picture information is transmitted. The
picture is blanked out for this period while the
electron beam retraces. A horizontal synchro-
nizing pulse at the end of each horizontal line
begins the horizontal retrace time, and a vertical
synchronizing pulse at the end of each field
begins the vertical retrace time) As aresult, the
receiver and transmitter scanning are synchro-
nized.
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Without the vertical field synchronization,
the reproduced picture at the receiver does not
hold vertically, and it rolls up or down on the pic-
ture tube screen. If the scanning lines are not
synchronized, the picture will not hold horizon-
tally, as it slips to the left or right and then tears
apart into diagonal segments.

In summary, then, the horizontal line-
scanning frequency is 15,750 Hz, and the
frequency of the horizontal synchronizing
pulses is also 15,750 Hz. The frame repetition
rate is 30 per second, but the vertical field-scan-
ning frequency is 60 Hz, and the frequency of the
vertical synchronizing pulses is also 60 Hz.

It should be noted that the scanning
frequencies of 15,750 and 60 Hz are exact for
monochrome but only approximate for color
television. In color broadcasting, the horizontal
line-scanning frequency is exactly 15,734.26 Hz,
with 59.94 Hz for the vertical field frequency.
These exact scanning frequencies are used to
minimize interference between the color subcar-
rier at exactly 3.579545 MHz and the intercarrier
sound signal at exactly 4.5 MHz. However, the
horizontal and vertical scanning frequencies
can be considered generally as 15,750 and 60
Hz. The reason is that the deflection circuits are
automatically synchronized at the required
scanning frequencies for both monochrome and
color broadcasting.

2-7 Horizontal and
Vertical Blanking

In television, ""blanking’’ means going to black.
As part of the video signal, blanking voltage is at
the black level. Video voltage at the black level
cuts off beam current in the picture tube to
blank out light from the screen. The purpose of
the blanking pulses is to make invisible the re-
traces required in scanning. Horizontal blank-
ing pulses at 15,750 Hz blank out the retrace

from right to left for each line. Vertical blanking
pulses at 60 Hz blank out the retrace from bot-
tom to top for each field.

The period of time for horizontal blanking
is approximately 16 percent of each H line. The
total time for His 63.5 us, including trace and re-
trace. The blanking time for each line then is
63.5x 0.16 = 10.2 us. This H blanking time
means that the retrace from right to left must be
completed within 10.2 us, before the start of visi-
ble picture information during the scan from
right to left.

The time for vertical blanking is approxi-
mately 8 percent of each V field. The total time
for Vis '/ s, including the downward trace and
upward retrace. The blanking time for each
field, then, is /¢, X 0.08 = 0.0013 s. This V blank-
ing time means that, within 0.0013 s, the vertical
retrace must be completed from bottom to top of
the picture.

The retraces occur during blanking time
because of synchronization of the scanning.
The synchronizing pulses coincide with the start
of the retraces. Each horizontal synchronizing
pulse is inserted in the video signal within the
time of the horizontal blanking puise. In sum-
mary, a blanking pulse comes first to put the
video signal at black level; then a synchronizing
signal occurs to start the retrace in scanning.
This sequence applies to blanking horizontal
and vertical retraces.

2-8 The 3.58-MHz
Color Signal

The system for color television is the same as for
monochrome, but in addition the color informa-
tion in the scene is used. This is accomplished
by considering the picture information in terms
of red, green, and blue. When the image is
scanned at the camera tube, separate video sig-
nals are produced for the red, green, and blue




picture information. Optical color filters sepa-
rate the colors for the camera. For broadcasting
in the standard 6-MHz television channel, how-
ever, the red, green, and blue color video signals
are combined to form two equivalent signals,
one for brightness and the other for color.
Specifically, the two transmitted signals are as
follows:

1. Luminance Signal. Contains only bright-
ness variations of the picture information,
including fine details, as in a monochrome
signal. The luminance signal is used to
reproduce the picture in black and white.
This signal is generally labeled Y signal (not
for yellow).

2. Chrominance Signal. Contains the color
information. This signal is transmitted as
the modulation on a subcarrier at 3.58 MHz
for all stations. Therefore 3.58 MHz is the
frequency for color. This is generally la-
beled C signal for chrominance, chroma, or
color.

In a color television receiver, color signal
is combined with luminance signal to recover
the original red, green, and blue video signals.
These are then used for reproducing the picture
in color on the screen of a color picture tube.
The color screen has phosphors that produce
red, green, and blue fluorescence. All colors
can be produced as mixtures of red, green, and
biue. A typical color television picture is shown
in color plate |.

In monochrome receivers, the Y signal
reproduces the picture in black and white. The
3.58-MHz color signal is just not used. In this
case, 3.58 Mhz is filtered out of the video signal,
to prevent interference with the monochrome
picture.

As a result, the color and monochrome
systems are completely compatible. When a
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program is televised in color, the picture is
reproduced in color by color receivers, while
monochrome receivers show the picture in
black and white. Furthermore, programs tele-
vised in monochrome are reproduced in black
and white by both monochrome and color
receivers. The tricolor picture tube can also
reproduce white by combining red, green, and
blue.

2-9 Picture Qualities

Assuming it is synchronized to stay still, the
reproduced picture should also have high
brightness, strong contrast, sharp detail, and the
correct proportions of height and width. These
requirements apply for monochrome and color.
In addition, the color picture should have strong
color or saturation, with the correct tints or
hues.

Brightness. This is the overall or average in-
tensity of illumination, which determines the
background level in the reproduced picture. In-
dividual picture elements can then vary above
and below this average brightness level. Bright-
ness on the screen depends on the amount of
high voltage for the picture tube and its dc bias
in the grid-cathode circuit. In television re-
ceivers, the brightness control varies the picture
tube dc bias.

It should be noted that the fluorescent
screen of the picture tube is illuminated on only
one small spot at a time. Therefore, the bright-
ness of the complete picture is much less than
the actual spot illumination. The bigger the pic-
ture, the more light needed from the spot to
produce enough brightness.

Contrast. By ‘contrast” is meant the dif-
ference in intensity between black-and-white
parts of the reproduced picture, as distin-
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guished from brightness, which is average in-
tensity. The contrast range should be great
enough to produce a strong picture, with bright
white and dark black for the extreme intensity
values. The amount of ac video signal deter-
mines the contrast of the reproduced picture. It
is the ac signal amplitude that determines how
intense the white will be, compared with black
parts of the signal. In television receivers, the
contrast control varies the peak-to-peak ampli-
tude of the ac video signal coupled to the pic-
ture-tube grid-cathode circuit.

Keep in mind the fact that black in the pic-
ture is the same light level you see on the picture
tube screen when the set is shut off. With a pic-
ture, this level looks black in contrast to the
white fluorescence. However, the black cannot
appear any darker than the room lighting re-
flected from the picture tube screen. The sur-
rounding illumination must be low enough,
therefore, to make black look dark. At the op-

posite extreme, the picture appears washed out,
with little contrast, when viewed in direct sun-
light because so much reflected light from the
screen makes it impossible to have dark black.

Detail. The quality of detail, which is also
called resolution or definition, depends on the
number of picture elements that can be repro-
duced. With many small picture elements, the
fine detail of the image is evident. Therefore, as
many picture elements as possible should be
reproduced to have a picture with good defini-
tion. This technique makes the picture clearer;
Small details can be seen, and objects in the
image are outlined sharply. Good definition also
gives apparent depth to the picture by bringing
in details of the background. The improved
quality of a picture with more detail can be seen
in Fig. 2-5, which shows how more picture ele-
ments increase definition.

Inour commercial television broadcasting

(a)

(b)

FIGURE 2-5 PICTURE QUALITY IMPROVES WITH MORE DETAIL. (a) COARSE STRUCTURE WITH FEW
DETAILS AND POOR DEFINITION. (b) FINE DETAIL AND GOOD DEFINITION.




system, the picture reproduced on the picture
tube screen is limited to a maximum of 150,000
picture elements, approximately, counting all
details horizontally and vertically. Such defini-
tion allows about the same detail as in 16-mm
film. This maximum applies to any size frame,
from a small picture 4 X 3 in. to a projected
image 20 X 15 ft. The reason is that the max-
imum definition in a television picture depends
on the number of scanning lines and on the
bandwidth of the transmission channel.

Color level. In effect, the color information is
superimposed on a monochrome picture. How
much color is added depends on the amplitude
of the 3.58-MHz chrominance signal. The
amount of color, or color level, is varied by con-
trolling the gain or level for the C signal. In color
television receivers this control is called color,
chroma, or saturation. The color control should
vary the picture from no color, to pale and medi-
um colors, up to vivid, intense colors.

Hue. What we generally call the color of an ob-
ject is more specifically its hue, or tint. For in-
stance, grass has a green hue. In the color tele-
vision picture, the hue, or tint, depends on the
phase angle of the 3.58-MHz chrominance sig-
nal. This phase with respect to a color synchro-
nizing signal is varied by the hue, or tint, control.
You can set this control for the correct hue of
any known color in the scene, such as blue sky,
green grass, or pink flesh tones. Then all other
hues are correct, as the color synchronization
holds the hues in their proper phase.

Aspect ratio. This is the ratio of width to height
of the picture frame. Standardized at 4:3, this
aspect ratio makes the picture wider than its
height by the factor 1.33. Approximately the
same aspect ratio is used for the frames in con-
ventional motion-picture film. Making the frame
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wider than the height allows for motion in the
scene, which is usually in the horizontal direc-
tion.

Only the proportions are set by the aspect
ratio. The actual frame can be any size from a
few square inches to 20 x 15 ft as long as the
correct aspect ratio of 4:3 is maintained. If the
picture tube does not reproduce the picture with
this proportion of width to height, people in the
scene look too thin or too wide.

The picture tube rectangular screen has
the proportions of 4:3, approximately, for width
to height. Therefore, when the horizontal scan-
ning amplitude just fills the width of the screen
and the vertical scanning just fills the height, the
reproduced picture has the correct aspect ratio.

Viewing distance. Close to the screen, we see
all the details. However, the individual scanning
lines are visible. Also, we may see the fine grain
of the picture reproduction. In television, the
grain consists of small white speckles, called
snow, produced by noise in the video signal.
The best viewing distance is a compromise,
therefore, about 4 to 8 times the picture height.

2-10 The 6-MHz
Television Broadcast
Channel

The group of frequencies assigned by the FCC
to a broadcast station for transmission ot their
signals is called a channel. Each television sta-
tion has a 6-MHz channel within one of the fol-
lowing bands allocated for commercial televi-
sion broadcasting:

54 to 88 MHz for low-band VHF channels 2 to 6

174 to 216 MHz for high-band VHF channels 7 to
13

470 to 890 MHz for UHF channels 14 to 83
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In all the bands, each TV channel is 6 MHz wide.
As an example, channel 3 is 60 to 66 MHz. The
specific frequencies for all the TV channels are
listed in Table 6-2 in Chap. 6.

Video modulation. The 6-MHz bandwidth is
needed mainly for the picture carrier signal.
This carrier is amplitude-modulated by the video
signal with a wide range of video frequencies up
to approximately 4 MHz. The highest video
modulating frequencies of 2 to 4 MHz corre-
spond to the smallest horizontal details in the
picture.

Chrominance modulation. For color broad-
casts, the 3.58-MHz chrominance signal has the
color information. This color signal is combined
with the luminance signal to form one video sig-
nal that modulates the picture carrier wave for
transmission to the receiver.

The FM sound. Also included in the 6-MHz
channel is the sound carrier signal for the pic-
ture, which is called the associated sound. The
sound carrier is an FM signal modulated by
audio frequencies in the range of 50 to 15,000
Hz. This audio frequency range is the same as
for stations in the commercial FM broadcast
band of 88 to 108 MHz. In the TV sound signal,
the maximum frequency swing of the carrier is
+25 kHz for 100 percent modulation. This swing
is less than the =75 kHz for 100 percent modu-
lation in the commercial FM broadcast band.
However, the television sound has all the advan-
tages of FM compared with AM, including less
noise and interference.

It should be noted that AM is better for the
picture signal because the ghosts resulting from
multipath reception are less obvious. With AM,
the ghosts stay still, but with FM the ghosts
would flutter in the picture.
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FIGURE 2-6 THE 6-MHZ TELEVISION BROADCAST CHAN-
NEL. P IS PICTURE CARRIER; S IS SOUND CARRIER; C IS
COLOR SUBCARRIER.

Carrier frequencies. Figure 2-6 shows how the
different carrier signals fit into the standard
6-MHz channel. The ictur{a carrier frequency
labeled P is alway(.Z% MHz above the low end
of the channel. At the oppositein_g, trle sound
carrier frequency labeled S isQ.zsﬁMHz below
the high end. This spacing of the carrier
frequencies applies for all TV channels in the
VHF and UHF bands, whether the broadcastis in
color or monochrome.

To apply the standard spacing to actual
rf carriers, consider channel 3 as an example.
This channel is 60 to 66 MHz, which is a band
of 6 MHz. The picture carrier frequency is
60 + 1.25=61.25 MHz. The sound carrier
frequency is 66 — 0.25 = 65.75 MHz.

Intercarrier sound. The rf sound carrier can
also be figured as 4.5 MHz above the picture
carrier because these two frequencies are al-
ways separated by exactly 4.5 MHz. This dif-
ference is important because all television re-
ceivers use 4.5 MHz as the frequency for the
sound IF signal. The 4.5-MHz signal is called the
intercarrier sound signal. The sound signal is
made to beat with the picture carrier, to produce



the difference frequency always equal to exactly
4.5 MHz. The intercarrier-sound method makes
it much easier for the receiver to tune in the
sound associated with the picture, especially for
the UHF channels. It should be noted that the
4.5-MHz sound is still an FM signal with its origi-
nal audio modulation.

2-11 Standards of
Transmission

Mainly because scanning must be synchronized,
the receiver depends on the transmitter for
proper operation. This setup makes it necessary
to establish standards for the transmitter, so that
a receiver will work equally well for all stations.
These have been specified as a list of transmis-
sion standards” by the Federal Communications
Commission. Several points in the standards
are listed here to summarize briefly the main
requirements of the television system:

‘Communications Commission Rules Governing
Radio Broadcast Services, Part 3, Subpart E, Rules
Governing Television Broadcast Stations. This also
gives channel assignments by states and cities.

SUMMARY
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It is standard to scan at uniform velocity in
horizontal lines from left to right, progress-
ing from top to bottom of the image, when
viewing the scene from the camera position.
The number of scanning lines per frame
period is 525.

The frame repetition rate is 30 per second,
and the field repetition rate is 60 per second.
The width of the channel assigned to a tele-
vision broadcast station is 6 MHz. This
bandwidth applies to VHF chanrels and UHF
channels, either for monochrome or for
color.

The associated sound is transmitted as an
FM signal. Maximum frequency swing is
+25 kHz for 100 percent audio modulation.
The sound carrier signal is included in the
6-MHz television channel.

The picture carrier is amplitude-modulated
by both picture and synchronizing signals.
The two signals have different amplituces on
the AM picture carrier.

The color subcarrier has the exact frequency
of 3.579545 MHz. (This is rounded off to 3.58
MHz.)

1. The smallest area of light or shade in the image is a picture element.

2. Picture elements are converted to electric signal by a camera tube at the studio.
This signal becomes the video signal to be broadcast to receivers. The pic-
ture tube in the receiver converts the video signal back into visual information.

3. The electron beam scans all the picture elements from left to right in one hori-
zontal line and all the lines in succession from top to bottom. There are 525 lines

per picture frame.

4. The complete picture frame is scanned 30 times per second.
5. Blanking means going to black so that retraces cannot be seen.
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6. For vertical scanning, the 525 lines in each frame are divided into two fields,
each with 262!/, lines. The odd lines are scanned separately; then the even lines
are scanned. This procedure is interlaced scanning.

7. The vertical scanning frequency is the field rate of 60 Hz.

The horizontal scanning frequency is 15,750 Hz.

9. Synchronization is necessary to time the scanning with respect to picture infor-
mation. The synchronizing pulse frequencies are 15,750 and 60 Hz, respectively,
the same as horizontal and vertical scanning frequencies.

10. “Brightness’ is the average or overall illumination. On the picture tube screen,
brightness depends on high voltage and dc grid bias for the picture tube.

11. “Contrast’ is the difference in intensity between black-and-white parts of the
picture. The peak-to-peak ac video signal amplitude determines contrast.

12. Detail, resolution, or definition is a measure of how many picture elements can
be reproduced. With many fine details, the picture looks sharp and clear.

13. The aspect ratio specifies 4:3 for the ratio of width to height of the frame.

14. A standard commercial television broadcast channel is 6 MHz wide. This
includes the AM picture carrier signal 1.25 MHz above the low end of the channel
and the FM sound carrier signal 0.25 MHz below the high end. The two carrier
frequencies are separated by 4.5 MHz.

15. In color television broadcasting, red, green, and blue video signals corre-
sponding to the picture information are converted into luminance and chromin-
ance signals for transmission in the standard 6-MHz broadcast channel. The
luminance signal has the black-and-white picture information; the chrominance
signal provides the color.

16. The color subcarrier frequency is 3.58 MHz.

17. The amount of color in the picture, or color intensity, is the color level, chroma
level, or saturation. This depends on the amplitude of the modulated chromin-
ance signal.

18. The tint of the color is its hue. The hue depends on the phase angle of the
chrominance signal. See Table 2-1.

©

TABLE 2-1 PICTURE QUALITIES

QUALITY PICTURE SIGNAL
Contrast Range between black Amplitude of ac
and white video signal
Brightness Background illumination Dc bias on picture
tube
Resolution Sharpness of details Frequency response of
video signal
Color saturation Intensity or level Amplitude of 3.58-MHz
of color chroma signal
Hue Tint of color Phase angle of 3.58-MHz

chroma signal
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Self-Examination (Answers at back of book)

Fill in the missing word or number in the following statements:

1. Picture frames are repeated at the rate of per second.

2. The number of scanning lines is per frame,

3. The number of fields is per frame.

4. The number of scanning lines is per field.

5. The number of scanning lines is per second.

6. The horizontal line-scanning frequency is Hz.

7. The vertical field-scanning frequency is Hz.

8. Video signal amplitude determines the picture quality called

9. Light is converted to video signal by the tube.
10. Video signal is converted to light by the tube.
11. The bandwidth of a television channel is MHz.

12. The type of modulation on the picture carrier signal is
13. The type of modulation on the sound carrier signal is
14. The assigned band for channel 3 is MHz.
15. Thedifference between the picture and sound carrier frequencies for channel 3 is
MHz.

16. Scanning in the receiver is timed correctly by puises.
17. Retraces are not visible because of pulses.
18. Black on the picture tube screen results from beam current.
19. The color subcarrier frequency is approximately MHz.

20. The amount of color saturation in the picture depends on the amount of
signal.

Essay Questions

1. Why is the television system of transmitting and receiving the picture informa-
tion called a sequential method?
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Why is vertical scanning necessary in addition to the horizontal line scanning?
Define aspect ratio, contrast, brightness, and resolution.

Name the two signals transmitted in color television.

How is flicker eliminated by using interlaced scanning?

How would the reproduced picture look if it were transmitted with the correct as-
pect ratio of 4:3, but if on the picture tube screen at the receiver the frame was
square?

What is the difference between color level and hue?

Give two ways in which color and monochrome television broadcasting are com-
patible.

Problems (Answers to selected problems at back of book)

-

4,
5.

Give the frequencies included in channels 2, 6, 7, 13, and 14.

Calculate the time of one horizontal line for the following examples: (a) frames
repeated at 60 Hz with 525 lines per frame (for progressive scanning without in-
terlacing); (b) frames repeated at 25 Hz with 625 lines interlaced per frame (for Eu-
ropean standards).

A picture has 400 picture elements horizontally and 300 details vertically. What is
the total number of details?

How long does it take to scan across two elements if 400 are scanned in 50 us?
Show calculations for the horizontal blanking time of 10.2 us as 16 percent of H.




Television
Lameras

The video signal for the picture begins at the camera tube, inside the camera head
(Fig. 3-1). The input is light from the scene to be televised, and the output is electric
signal corresponding to the picture information.

Operation of a camera tube is illustrated in Fig. 3-2. This applies the same way
to monochrome or the red, green, and blue camera tubes for color television. Light
from the scene is focused by the lens onto the photoelectric image plate. If you could
look in, you would see the optical image. The photoelectric properties of the image
plate then convert the different light intensities into corresponding electrical varia-
tions. With an electron beam scanning across the image plate, line by line, and field
by field, the camera signal is produced for the entire picture area. After the camera
signal is processed, with sync and blanking added, the result is composite video sig-
nal that can be transmitted to the receiver. The main types of camera tubes, in their
order of development, are the image orthicon shown in Fig. 3-8, the vidicon in Fig.
3-9, and the plumbicon in Fig. 3-12. More details are described in the following topics:

3-1 Camera-tube requirements
3-2 Image orthicon

3-3 Vidicon

3-4 Plumbicon

3-5 Silicon target plate

3-6 Solid-state image sensor

3-7 Spectraflex color camera tube
3-8 Television cameras

3-9 Definitions of light units
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FIGURE 3-1 MONOCHROME TELEVISION CAMERA WITH
LENSES OF DIFFERENT FOCAL LENGTHS ON REVOLVING
TURRET. (RCA)

3-1 Camera-Tube
Requirements

First, the image plate must be photoelectric to
convert variations of light intensity into electri-
cal variations. In photoemission, electrons are
emitted; more light produces more electrons. In
photoconduction, the conductance or resist-
ance is changed; more light decreases the
resistance. The image orthicon operates by
photoemission, while the vidicon and plumbicon
depend on photoconduction to produce the
required camera signal. A third possibility is the
photovoltaic effect, where light on a semicon-

Photosensitive
surface

ductor junction can generate a potential dif-
ference.

In addition to the photoelectric conver-
sion, scanning of the image plate is necessary to
provide signal variations in a successive order,
from left to right and top to bottom. The scan-
ning process dissects the image into its basic
picture elements. Although the entire image
plate is photoelectric, its construction isolates
the picture elements so that each discrete small
area can produce its own signal variation.

Photoemission. Certain metals emit electrons
when light strikes the surface. These emitted
electrons are called photoelectrons, and the
emitting surface is a photocathode. Especially
sensitive to light are the elements cesium, silver,
sodium, potassium, and lithium, in the group of
alkali metals. Cesium oxide is often used
because its photoemission is sensitive to incan-
descent light. The photoelectric effect is illus-
trated in Fig. 3-3.

The explanation of the photoelectric ef-
fect is that light consists of small bundles of
energy called photons. When photons collide
with electrons at or near the surface of the pho-
tocathode, they give off energy. The energy is
used in forcing electrons to escape. The
amount of emitted electrons depends on the
light intensity. The maximum velocity of the
photoelectrons depends onily on the wave-
length of light, however, which is its color. This
factor is why a camera tube has different sensi-
tivities for colors in the light spectrum.

Vidicon glass envelope

Electron gun

FIGURE 3-2 TELEVISING AN IMAGE
WITH VIDICON CAMERA TUBE. EXTER-
NAL COILS FOR FOCUSING AND DE-

lllumination ) f
Optical image

FLECTING THE ELECTRON SCANNING
BEAM ARE NOT SHOWN.
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Electron image Electron
gun
accelerated
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to target P
1 Scanning
_______ »f beam
Camera

lens

FIGURE 3-3 PHOTOEMISSION PRODUCING AN ELECTRON
IMAGE IN A CAMERA TUBE.

Photoconductivity. This photoelectric effect is
a decrease in resistance with more light. In gen-
eral, the semiconductor metals including seleni-
um, tellurium, and lead, with their oxides, have
this property. The vidicon and plumbicon cam-
era tubes use an image plate that is a thin pho-
toconductive layer. This function is illustrated in
Fig. 3-4. For the vidicon, as an example, the
resistance of the photoconductive image plate
can decrease from 20 M() for black to 2 M(} for
white. A disadvantage, compared with pho-
toemission, is that photoconducting materials
generally have a slight lag in the buildup and

Deflection
Focus yoke
coil R

Glass envelope
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Photoconductive Metallized
surface backing Output
signal
Light ! 2 l
image
A Electron
A gun
R /
/
- # Scanning
beam
Camera — ~
lens Image plate

FIGURE 3-4 PHOTOCONDUCTIVITY OF IMAGE PLATE IN A
CAMERA TUBE.

decay of resistance when the light intensity
changes.

The electron scanning beam. An electron gun
produces a narrow beam of electrons for
scanning. In camera tubes, the electron beam
scans the image plate or target plate; in picture
tubes, the electron beam scans the fluorescent
screen. Enclosed in a vacuumed glass enve-
lope, the gun assembly has a heater, cathode,
control grid, and one or more accelerating grids
(Fig. 3-5). Since the electrons emitted frcm the
cathode must be concentrated in a beam, the

Image
plate

Cathode | \
Heater

\
Control

grid FIGURE 3-5 ELEMENTS OF AN ELEC-
Accelerating TRON GUN, ILLUSTRATED FOR VIDI-
grid CON CAMERA TUBE.
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grid structures are in the form of metal cylinders
with a small pinhole, or aperture. The control
grid voltage determines the amount of beam
current, while the accelerating grid attracts the
electron beam toward the surface to be
scanned.

The gun supplies the electron beam, but
the scanning is produced by horizontal and ver-
tical coils in the deflection yoke around the glass
neck. In addition, focusing of the electron beam
into a small, sharp spot is accomplished by an
external focusing coil. This is magnetic focus-
ing, but electrostatic focusing can be used in-
stead, by varying the voltage on an accelerating
grid. Camera tubes generally use magnetic
focusing while picture tubes often use electro-
static focusing. Magnetic deflection with an ex-
ternal deflection yoke is used for both camera
tubes and picture tubes.

Optical lenses. With the smaller vidicon and
plumbicon camera tubes having a diameter of
1.25 in., the camera can use the same lenses as
in 16-mm photography. The focal lengths are
generally 4 to 8 in. for wide-angle views and
closeup shots. Shorter lenses have a wider
angle of view. A typical lens opening is /5.6 for
normal light levels. Lens shades are generally
used to reduce reflections (Fig. 3-1). In addition
to the different lenses, several cameras can be
used for different angles in televising the scene.

The optical lens inverts the image for the
camera tube, as shown in Fig. 3-6. /Inversion
means the image is reversed left to right and top
to bottom. Then the image is scanned starting at
the bottom right corner of the image plate, cor-
responding to top left in the scene.

Light splitters. An electron scanning beam is
the same in any camera tube or any picture tube.
What happens in the color camera is that the
red, green, and blue components of the incident
light are separated by optical prisms or by
dichroic mirrors. Then each camera tube has
light input proportional to the intensity of each
primary color in the scene. For instance, the red
camera tube has light only for the red parts of
the picture. Then its output is red video signal
for this component of the color information.
Similarly, the blue and green camera tubes
produce blue and green video. Each color video
signal is just a sequence of electrical variations,
but they represent the intensities for that partic-
ular color.

Figure 3-7 illustrates the principles of a
four-way beam splitter. The achromatic mirrors
shown reflect light of all colors. The dichroic
mirrors are coated to transmit light of only one
color and reflect the other colors. In Fig. 3-7,
light from the lens on the turret is split into two
separate beams. One of these beams is trans-
mitted into the Y, or monochrome, channel. The

Image plate
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other beam is reflected into a color-beam split-
ter. In this arrangement, the white-light beam is
reflected through a relay lens onto a set of
dichroic mirrors, A and B. These mirrors are
mounted on opposing 45° angles. Each mirror is
coated to reflect light of one particular color
while allowing light of all other colors to pass
straight through. In the figure, mirror A reflects
red light into the red channel. However, green
and biue light pass through to mirror 8. Here
the blue light is reflected, and the green light
passes through. In this way, each camera tube
has light input only for its respective color.

It should be noted that a three-way beam
splitter is used in color cameras with three cam-
eratubes. Inthis case, the Y tuminance signal is
derived as a combination of the red, green, and
blue video signals. There are also color cameras
with two camera tubes or even one camera tube.
A single color tube must have a special image
plate for the colors, or a motor-driven color
wheel rotates in front of a conventional camera
tube. This is a sequential arrangement that must
be converted to the standard NTSC color signal
for broadcasting.

Y signal

Red light to

red camera tube

Green light to

~ green camera tube

Blue light to
FIGURE 3-7 BEAM SPLITTER FOR THE

LIGHT INTO A COLOR CAMERA.

Development of camera tubes. After the me-
chanical scanning disks were discarded, televi-
sion broadcasting used the image dissector as
the first camera tube, invented by P. T. Farns-
worth. The next successful camera tube was
the iconoscope, invented by V. K. Zworykin.
This was the first camera tube to use the princi-
ple of allowing light to accumulate charge on
the image plate. The result is the equivalent of
light storage to increase camera sensitivity.
The light sensitivity is the ratio of signal output
to the incident illumination. High camera sensi-
tivity is necessary to televise scenes at low light
levels.

Next to be developed was the image
orthicon (I.0.) camera tube. The 1.O. has high
sensitivity but is relatively large. The simplest
and smallest camera tube is the vidicon. Similar
to the vidicon is the plumbicon camera tube.
This camera tube uses a different image plate
made of lead monoxide (PbO). In later types of
vidicons the target plate is an array of many tiny
silicon photodiodes.

Another type of camera pickup is the
flying-spot scanner. The spot of light trom a
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cathode-ray tube scans a film image, and the
light variations are picked up by a photoelectric
tube on the opposite side. This method is sel-
dom used anymore because of its size and
complexity.

3-2 Image Orthicon

As shown in Fig. 3-8, the image orthicon (1.O.) is
constructed in three main sections: the image
section, scanning section, and electron multipli-
er. Light from the scene to be televised is
focused onto the photocathode in the image
section. This action produces a photoelectric
image, which is then converted to an electrical
charge image on the target plate. One side of

the target plate receives the electrons emitted
from the photocathode, while the opposite side
of the target is scanned by the electron beam
from the scanning section. As a result, signal
current for the entire image is produced by the
scanning beam. The signal current is then
amplified in the electron-multiplier section,
which provides the desired camera output sig-
nal.

Producing the camera signal output. The sig-
nal action in the image orthicon can be sum-

marized briefly as follows:

1. Light from the televised scene is focused
onto the photocathode, where the light

Electron-gun

Image and multiplier
section Scanning section section
Photoelectrons . .
Image accelerator Deflecting Grid no. 2 and

grid no. 6, — 300V

(electron image)
|

/ coils dynode no. 1, 300V

\\ | Secondary | /Electron gun

(a)

FIGURE 3-8
STRUCTION AND OPERATING VOLTAGES. (RCA)

(b)

Decelerator
Grid no. 5, 40V

Photocathode\ \ | J.!electrons {Foetsng /
600V NX . i |/ coil  Alignment / ,
Y7 ‘i : 7 coil / Five-stage
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emaoS BN 4 3
N ~——Scami .44—7- &
> ——— Ngbeam -
/e( 4 Return beam =l
e \ | i
" Camera == —T ===
lens et N ] “Grid no. 3, 80V
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screen 3to 5v\ Grid no. 4 and

wall coating, 80V

IMAGE ORTHICON CAMERA TUBE. LENGTH 1S 15 IN. (a) PHOTO. (b) CON-



image produces an electron image corre-
sponding to the picture elements.

2. The electron image is accelerated to the
target to produce secondary emission from
the glass plate.

3. The secondary emission produces on the
target a pattern of positive charges corre-
sponding to the picture elements in the
scene. White is most positive.

4. The low-velocity scanning beam from the
electron gun provides electrons that land on
the target to neutralize the positive charges.
Scanning-beam electrons in excess of the
amount needed to neutralize the positive
charges turn back from the target and go
toward the electron gun.

5. Asthe beam scans the target, therefore, the
electrons turned back from the glass plate
provide a signal current that varies in ampli-
tude in accordance with the charge pattern
and the picture information. The signal cur-
rent is maximum for black.

6. Thereturning signal current enters the elec-
tron multiplier, where the current is ampli-
fied. The amplified current flowing through
the load resistor in the multiplier's anode
circuit produces the camera signal output
voltage.

With a signal current of 5 uA from the
highlights in the scene and a 20-k{} R, as typical
values, the camera signal output is 100,000 uV,
or 0.1 V. A typical dark signal current is 30 uA
for 0.6 V across R,. The peak-to-peak camera
signal voltage, then, is 0.6 — 0.1 =0.5 V.

Sticking picture. The sticking picture is an
image of the televised scene with reversed black
and white, which remains after the camera has
been focused on a stationary bright image for
several minutes, especially if the image orthicon
is operated without sufficient warmup. The
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sticking picture can usually be erased, however,
by focusing on a clear white screen or wall,

3-3 Vidicon

As shown in Fig. 3-9, the vidicon is a very small
camera tube of relatively simple construction.
Figure 3-10 shows the circuit for camera signal
output. The vidicon has just a photoconductive
target plate and electron gun. With the optical
image focused on the target, it produces a
charge image that is scanned by the electron
beam from the gun. Vidicons are 5 to 8 in. long,
with a diameter of 0.58 to 1.6 in. The %/,-in.
vidicon is commonly used for closed-circuit
television.  Average illumination required is
about 150 footcandles in the scene or 1 to 10
footcandles on the target plate.

Target. The target has two layers. One is a
transparent film of conducting material, coated
directly on the inside surface of the glass
faceplate. This conductor is the signal-plate
electrode for camera output signal. Light
passes through to the second layer, which is an
extremely thin coating of photocorductive ma-
terial. Either selenium or antimony compounds
are used. The photoconductive property means
that its resistance decreases with the amount of
incident light.

Charge image. The photolayer is an insulator
with a resistance of approximately 20 M(} for the
0.00003-in. thickness, in the dark. Incident light
can reduce the resistance to 2 M(}, as indicated
in Fig. 3-10. Note that the image side of the
photolayer contacts the signal plate at a +40 V
potential with respect to the cathode. The op-
posite side returns to cathode through the elec-
tron beam, which has an approximate resist-
ance of 90 M. With an image on the target,
the potential of each point on the gun side of
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FIGURE 3-10 CIRCUIT FOR CAMERA SIGNAL OUTPUT OF
VIDICON.

the photolayer depends on its resistance to the
signal plate at +40 V. As examples: a white
area with low resistance can be close to the
signal-plate voltage, approximately at +39.5 V;
the potential of a dark area with high resistance
is lower at +35 V. The result then is a pattern of
positive potentials on the gun side of the photo-
layer, producing a charge image corresponding
to the optical image. Maximum white in the
picture is most positive in the charge pattern.
The charge image on the target plate is
scanned by the electron beam from the gun.

Electron gun. As shown in Fig. 3-9, the gun
includes a heated cathode, control grid (no. 1),
accelerating grid (no. 2), and focusing grid (no.
3). The electrostatic field of grid 3 and the mag-
netic field of an external-focus coil are both
used to focus the electron beam on the target
plate. Defiection of the beam for scanning is
produced by horizontal and vertical deflection
coils in an external deflection yoke.




Note that grids 3 and 4 are connected in-
ternally. Grid 4 is a wire mesh to provide a uni-
form field near the target plate. Since the target
is at a lower potential of 30 to 60 V, compared
with 275 V on grid 4, electrons in the beam are
decelerated just before they reach the target
plate. The lower potential is used to slow down
the electrons so that the low-velocity beam can
deposit electrons on the charge image without
producing secondary emission from the photo-
layer.

Signal current. Each pointin the charge image
has a different positive potential on the side of
the photolayer toward the electron gun. Elec-
trons in the beam are then deposited on the
photolayer surface, reducing the positive poten-
tial toward the cathode voltage of zero. Excess
electrons not deposited on the target are turned
back, but this return beam is not used in the
vidicon.

Consider a white picture element in the
charge image on the photolayer. Its positive po-
tential is close to the +40 V on the signal plate
just before the electron beam strikes. Then, as
electrons are deposited, the potential drops
toward zero. This change in potential causes
signal current to flow in the signal-plate circuit,
producing output voltage across R,. For black
in the picture, where the photolayer is less posi-
tive than white areas, the deposited electrons
cause a smaller change in signal current.

The signal current results from the
changes in potential difference between the two
surfaces of the photolayer. The path for signal
current can be considered a capacitive circuit
provided by 5 pF capacitance of the signal plate
to the electron gun. Considering polarity, the
output signal produces the least positive or most
negative voltage output across R, for white
highlights in the image. With 1-footcandle iliu-
mination on the target, white highlights can
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produce 0.3-uA signal current for a voltage
drop of 0.015V across the 0.05-M() load resis-
tor.

Light-transfer characteristics. Three curves of
vidicon output current are shown in Fig. 3-11.
Each is for a specific value of dark current,
which is the output with no light, corresponding
to black in the picture. The dark current is set by
adjusting target voltage. Sensitivity and dark
current both increase as the target voltage is
increased. Typical output for the vidicon is 0.4
1A for white highlights, with a dark current of
0.02 uA.

Lag. This term refers to the time lag of the pho-
toconductive layer. The lag can cause smear,
with a tail or comet following fast-moving ob-
jects in the scene. Also, an x-ray appearance, as
you seem to be able to see through objects, can
be caused by the lag. The photoconductive lag
increases at high target voltages, where the
vidicon has its best sensitivity. The lag is most
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troublesome, at low light levels, therefore, when

the target voltage is increased for more signal

current.
Special types for low lag are:

Lead oxide vidicon. This tube has a target
plate made of PbO, similar to the plum-
bicon described in Sec. 3-4.

Silicon-diode vidicon. This tube has a target
plate made of silicon photodiodes, as
described in Sec. 3-5.

3-4 Plumbicon

As shown in Fig. 3-12, this is a small camera tube
like the vidicon. The electron gun is essentially

the same as for the vidicon shown in Fig. 3-9.
However, the plumbicon has a new type of target

using lead" monoxide (PbQ) for the photocon-
ductive plate. The plumbicon target operates ef-
fectively as a PIN semiconductor diode coating
on the inner surface of the glass faceplate.
P-type semiconductor is doped to have an
excess of positive charges; N-type has an excess
of electrons as negative charges. Intrinsic semi-
conductor, or I-type, is pure to be neutral
without doping.

In the manufacturing process for the
target, a thin transparent conductive film of tin
oxide (SnQ,) is deposited directly on the inside
surface of the glass faceplate. This layer of con-
ductor is the signal plate. Then a layer of pure
lead monoxide (PbQ) is deposited over the tin
oxide film. Finally, the scanning surface of the
pure PbO layer is doped to complete the semi-
conductor requirements of the target. In these
layers, the SnO, signal plate is N-type. The layer
of pure PbO in the middle is intrinsic or I-type.
The layer of doped PbO on the scanned side of

‘Lead (Pb) is a semiconductor element with the
valence of 4. Since the valence of oxygen is 2, PbO is
lead monoxide: lead oxide is PbO,. The element tin
(Sn) is also a semiconductor element with the valence
of 4.

(a)

Signal plate -
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' PbO output
|
! \Doped PbO
1 R,
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: beam
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: +40V
Cathode of
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FIGURE 3-12 PLUMBICON CAMERA TUBE. LENGTH IS 8 IN.
(NORTH AMERICAN PHILIPS COMPANY INC.)

the target is P-type. Asa result, the sandwich of
layers has the properties of a PIN semiconductor
diode. The overall thickness of the target is
15 x 10 m. The PbO layer is granular in struc-
ture, with individual particles of 1 X 107 m.

Scanning the target. In the signal circuit, the
conductive film of tin oxide (Sn0O,) is connected
to the target supply of 40 V through an external
joad resistor R, to develop the camera output
signal voltage (Fig. 3-12). As the electron beam
scans the target, the signal current varies with
the amount of light for each picture element.
The photoelectric conversion is similar to
the vidicon, except for the method of discharg-



ing each storage element. In the standard
vidicon, each element acts as a leaky capacitor,
with the leakage resistance decreasing with
more light. In the plumbicon, however, each ele-
ment serves as a capacitor in series with a light-
controlled diode. Without light, the diode is
reverse-biased to prevent conduction, and there
is little or no output. Typical values of this dark
current are 4 X 107" A, With light, the diode is
forward-biased for minimum resistance and
maximum current. A typical signal current for
highlights is 0.3 x 107% A or 0.3 uA.

The forward bias on each diode results
from photoexcitation of the semiconductor
junction between the pure PbO and the doped
layer. Furthermore, the layers can be modified
to increase sensitivity to red, green, and blue for
color cameras.

General characteristics. Typical operation is
illustrated by the following specifications for the
plumbicon types: CCTV 111 for monochrome;
CCTV 111 B, CCTV 111 G, and CCTV 111 R for
blue, green, and red.

OPTICAL ELECTRICAL
Size of image: Heater: 6.3 V at 95 mA
0.5 x 0.375 in. Cathode: 0 V
lllumination: . .
0.8 footcandle Slgnalzesltizt;osd\e}.
for 0.3-uA

Grid No. 2: 300 V
Grid No. 3: 600 V
Grid No. 4: 675 V

signal current

Maximum illumination:
50 footcandles

Maximum resolution:
600 lines

Beam current:

0.21t0 0.4 A
Lag: 2 percent residual for highlights
signal after dark

pulse of 50 ms

Spectral response. Figure 3-13 compares the
sensitivity of the image orthicon, vidicon, and
plumbicon for light of different colors. The
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baseline of the graph is in angstrom (A) units for
the wavelength, which determines the hue. The
angstrom unit is 107" m. Also, 10 A equals 1
millimicron (107*) unit.

The response of the human eye is cen-
tered at about 5500 A, which is the wavelength
for green. In the graph, the plumbicon response
is closest to this response. However, this re-
sponse is weaker toward the lower wavelengths
for red.

3-5 Siiicon
Target Plate

This type of target is not deposited on the glass
faceplate of the camera tube. Instead, the target
is prepared from a thin N-type silicon wafer. The
final result is an array of silicon photodiodes for
the target plate. Then the silicon-diode target
plate is mounted in a vidicon-type camera tube.
The advantages of the silicon-diode array are
resistance to burns from excessive light, low lag
time, and high sensitivity for visible light, which
can be extended to the infrared region.

The silicon target plate is typically 0.001
in. thick and about '/, in. square. One side is ox-
idized to form a film of silicon dioxide, which
is an insulator. Then by photolithographic pro-
cesses similar to those used in making miniature
integrated circuits, an array of openings is
produced in the film. This layer with its holes is
used as a diffusion mask for producing the indi-
vidual photodiodes. The doping element boron
(B) 1s vaporized through the array of holes, form-
ing islands of P-type silicon on one side of the
N-type silicon substrate. An overlay of goid is
centered on each P-type area (Fig. 3-14). The
resulting PN photodiodes have a diameter of
0.0003 in. A typical array has 540 x 540 diodes.

In typical operation, the N-type silicon
substrate or platform has +10 V applied. Posi-
tive polarity on the N-side reverse-biases the
phctodiodes. The electron beam in the camera
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FIGURE 3-14 CONSTRUCTION OF TARGET PLATE OF SiLi-
CON PHOTODIODES. (BELL TELEPHONE LABORATORIES)

FIGURE 3-13 COMPARISON OF SEN-
SITIVITY TO LIGHT OF DIFFERENT
WAVELENGTHS FOR ORTHICON, VIDI-
CON, AND PLUMBICON CAMERA
TUBES. (NORTH AMERICAN PHILIPS
CO. INC)

tube scans the photodiode side, depositing elec-
trons on the gold. From the opposite side, light
on the target plate penetrates the silicon sub-
strate to make it less negative. As a result, the
reverse bias is reduced on the N-side of the pho-
todiode. Furthermore, the scanning beam re-
duces the reverse bias on the P-side. The signal
current then consists of increases of target cur-
rent for more light as each element is scanned
by the electron beam. A typical value of peak
target current is 0.7 uA for white highlights of 1
footcandle. A cameratube using a silicon-diode
array tor the target plate is shown in Fig. 3-15.
This type has the general name of silicon
diode array vidicon.

FIGURE 3-15 EPICON CAMERA TUBE USING SILICON-
DIODE ARRAY FOR TARGET PLATE. TUBE DIAMETER IS 1IN
(GENERAL ELECTRIC)



FIGURE 3-16 SOLID-STATE IMAGE SENSOR. SIZE IS
My x 'y IN,, WITH 120,000 ELEMENTS. (RCA)

3-6 Solid-State
Image Sensor

This new device consists of a flat silicon chip
with an array of metal electrodes. Figure 3-16
shows such an image sensor */, x '/, in., con-
taining 120,000 elements. It does not need an
electron gun, scanning beam, high voltage, or
vacuum envelope of a conventional camera
tube, since the entire image-sensor assembly is
contained in the one chip of solid-state semi-
conductor.

The silicon chip is oxidized on one side
with a linear array of electrodes deposited on
this surface. The electrodes operate in groups
of three, with every third electrode connected to
a common conductor. The spot under the
center of each triplet serves as one light-sensi-
tive element, or resolution cell.

In operation, the image is focused onto
the silicon chip. The light causes electrons to be
produced within the silicon. More charges are
generated with more light. In each trio, the
center electrode is the most positive. The
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charges generated by that element collect at the
surface of the silicon under this center elec-
trode. As a result, the pattern of collected
charges represents the image.

The charge at one element is transferred
along the surface of the silicon chip by applying
a more positive voltage to the adjacent elec-
trode, while reducing the voltage on the elec-
trode over the charge packet. The change is
applied by voltage pulses in successive order to
all the elements. This method of dissecting the
image is equivalent to scanning. When the
charge packets reach the output electrode, they
are collected to form the signal current. The po-
tential required to move the charges is only 5 to
10 V. Transterring the charges from one ele-
ment to the next is called charge coupling. This
type of image sensor, then, is a charge-coupled
device (CCD).

3-7 Spectrafiex Color
Camera Tube

The construction is similar to a vidicon, but the
faceplate has a dichroic stripe filter to separate
colors for the target. As illustrated in Fig. 3-17,
the dichroic filter results in vertical stripes of

Clear

/stripe

Yellow // Blue
stripe stripe

FIGURE 3-17 COLOR STRIPES FOR SPECTRAFLEX CAM-
ERA TUBE. (RCA)
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yellow and cyan, which is blue-green. The clear
stripes between are for monochrome.

When the electron scanning beam sweeps
across the target plate, the stripe pattern gener-
ates subcarrier frequencies for two color signals
and the luminance signal. A third color signal
can be derived by mixing the two color signals in
the proper proportions. As a result, one camera
tube can supply all the information needed to
reproduce a color picture.

3-8 Television
Cameras

Figure 3-18 shows a color camera that can be
used either for studio work or for remote pickup
assignments in the field. This camera head has
three plumbicons, with built-in color filters and a
beam splitter. It uses just one lens, which is the
motorized zoom type for a wide range of focal
lengths. The viewfinder shows the cameraman a
reproduction of the scene, on a monochrome
picture tube with an 8-in. screen. Note the cue
light at the top. This light shows when the cam-
erais connected to be “‘on the air.” The camera
can be operated at light levels as low as 5 foot-

Viewfinder

FIGURE 3-18 STUDIO-FIELD COLOR CAMERA. (RCA)

PL:—‘
c—
—

[ 7\

Auxiliary |

Setup/control

FIGURE 3-19 CONTROL CONSOLE FOR CAMERA IN FIG
3-18. (RCA)

candles in the scene. However, typical opera-
tion is with an illumination of 125 footcandles,
with an f/4 lens opening.

The camera signal output is 1 V peak to
peak for the coaxial cable input to the control
room. As shown in Fig. 3-19, the control console
includes a monitor picture tube and oscillo-
scope monitor below it. The control desk
switches cameras, provides special effects, and
sets black level. The auxiliary panels include the
generators for synchronizing pulses and the
3.58-MHz color subcarrier. A camera with its
control equipment is a camera chain.

Televising motion-picture films and still
slides. A separate studio is used, containing
projectors for 35- and 16-mm film. In addition,
slides are used for station identification and
titles. The projector throws the light image di-



FIGURE 3-20 COLOR FILM CAMERA, WITH THREE VIDI-
CONS. (RCA)

rectly onto the image plate of the camera tubes
in the film camera (Fig. 3-20). A mirror triplexer
enables one film camera to be used with three
projectors.

When commercial motion-picture films
are televised, a special projector is necessary to
convert from 24 to 30 frames per second. The
film moves at 24 frames per second to keep the
sound track normal, but an intermittent shutter
projects 60 images per second. Specifically, one
film frame is projected for two television fields
(*/40 S), but the next frame is scanned with three
fields (*/40 s). After four film frames, the two
extra fields make five television frames. The
time for four film frames is */., or /4 s. Similarly
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the time for five television frames is */,, s, which
is also '/;s. As a result, the time for scanning 30
television frames matches the 24 film frames.

Video tape. Most studio programs are re-
corded on video tape, for broadcasting at a con-
venient time. Also, the tapes are available for
rebroadcasting by stations in different areas.
Figure 3-21 shows a video tape machine for
broadcast use in color television. There are four
record-playback heads, mounted on a wheel ro-
tating at 14,400 rpm. The heads are phased 90°
apart so that the four gaps contact the tape in
seguential order. As a result, the video signal is
recorded as a series of transverse tracks across
the tape. The sound signal is recorded on a sep-
arate track.

Color Four
picture record-playback Oscilloscope
monitor heads monitors

\ /

2-in. diameter
tape reei

Control
console

FIGURE 3-21 VIDEO TAPE MACHINE FOR COLOR TELEVI-
SION BROADCASTING. (AMPEX CORPORATION)
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3-9 Definitions of
Light Units

Optical lenses are made of glass or plastic, with
the function of concentrating light. A converg-
ing lens can bend parallel rays of light inward to
converge at a point, as shown in Fig. 3-22. The
focal point f is where the light rays converge.
Past this crossover point the image is inverted,
left to right and top to bottom.

Focal length. This length is the distance from
the lens to point f. Typical values are 5 to 20 in.
A short focal length is a wide-angle lens, as a
wide field of view is focused at f. A long focal
length is a telephoto lens allowing a closeup
image for the same distance of lens to subject.

f-number. This number is the focal length
divided by the diameter of the lens. For a focal
length of 12 in. and lens diameter of 1.5 in., the

Converging
lens

Light
input

[N
\—

()
Focal length —

f-number = _LL7

FIGURE 3-22 FOCAL LENGTH AND f-NUMBER OF AN OP-
TICAL LENS. D IS LENS DIAMETER.

f-numberis 12 in./1.5in. = 8. Thisisan f/8 lens,
therefore. The smaller the f-number, the more
light the lens takes in, which is a fast lens. The
lens is rated at its maximum f-number, but it can
be stopped down by an iris diaphragm for
smaller openings.

The usual f stops are f/1.4,/2,1/2.8, {/5.6,
/8, f/11, /16, and f/32. These values are chosen

TABLE 3-1 TYPES OF CAMERA TUBES
TYPICAL SIGNAL
CURRENT, A
TYPE SIZE IMAGE PLATE DARK WHITE NOTES LIFE, hr
Image orthicon Length 15-20 in.; Photocathode 30 6 High quality; high 1,500-6,000
diameter 3-4 in. sensitivity; signal
current maximum for
black
Vidicon Length 5-8 in.; Selenium 0.02 0.4 Simple construction; 5,000 20,000
diameter 0.6~ photoconductor used for film
1.6 in. pickup; has
photoconductive lag
for low light levels
Plumbicon Length 8 in_; PbO 0.004 0.3 Simple construction; 2,000-3,000
diameter 1.2 in. photoconductor low lag; sensitivity
low for red light
Silicon diode- Length 6 in.; Silicon-diode 0.01 0.6 Low lag; sensitive 2,000-3,000

array vidicon diameter 1 in. array

to red and
infrared light




for each higher f stop to allow exactly one-half
the light of the previous stop. Smaller f stops are
used when maximum light is necessary, but a
higher f stop allows better depth of focus. This
means that subjects a little closer or farther from
the best distance for focus will still be sharp.

Hlumination. Originally, the light from a stand-
ard candle was used as a reference, the intensity
of this source being defined as 1 candlepower or
simply 1 candle (cd). When the source is at the
center of a hollow sphere with a radius of 1 ft,
the amount of fuminous flux on 1 ft* equals 7
lumen (Im). Since the surface area of the sphere
is 47 ft, and 1 Im is for 1 ft2, a 1-cd source
provides 4= Im of light radiation. As an example,
a25-W bulb as a light source has an illuminating
power of 20.7 cd or 260 Im. These units corre-
spond to power, as they define the rate at which
light energy is being radiated.

The illumination on a surface, such as the
image plate, is the amount of light energy
received from a source per unit area of the illu-
minated surface. One footcandle is the illumina-
tion for 1 ft* at a distance 1 ft away from a source
of 1 cd. Therefore, 1 footcandle and 1 Im/ft? rep-
resent the same amount of surface illumination.
For example, the desired illumination for read-
ing is about 10 footcandles, or 10 Im/ft2.

Wavelength. Different wavelengths of light

SUMMARY
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have different hues, such as red, green, and
blue. The unit is the angstrom (A) equal to
107 m, the micron of 10=® m, or the millimi-
cron of 107* m. The visible spectrum of colors
extends from about 4500 A for blue, through
5500 A for green, and 6500 A for red. These
hues are shown in color plate VIll. Longer
wavelengths for infrared are not visible to the
human eye. Also, shorter wavelengths below
4500 A for ultraviolet are not visible.

FIGURE 3-23 SMALL MONOCHROME CAMERA WITH VIDI-
CON FOR CLOSED-CIRCUIT Tv. LENGTH OF THE CASE IS 11
IN. (JERROLD ELECTRONICS CORPORATION)

The characteristics of the image orthicon (1.0.), vidicon, plumbicon, and silicon
diode-array vidicon are summarized in Table 3-1. The vidicon and plumbicon are the
camera tubes generally used in television broadcasting. This includes live scenes in
the studio, film cameras, and portable TV cameras, either in color or monochrome.
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Also included are applications in closed-circuit TV for education, surveillance, and
medical electronics. Because of its small size and low cost, the vidicon is often used
in compact monochrome television cameras (Fig. 3-23). The silicon diode-array
vidicons are also used for closed-circuit TV, but are not considered to have the quality
for broadcast use.

Self-Examination (Answers at back of book)

hON =

10.
11.
12.
13.

14,

15.
16.
17.

18.
19.
20.

Answer True or False.

A photocathode emits more electrons with more light.

A photoconductor has less resistance with more light.

The millimicron is a unit of wavelength equal to 107* meter.

in the image orthicon, maximum white on the photocathode produces maximum
positive charge on the glass target plate.

Camera signal output of the image orthicon is taken from the photocathode in
the image section.

The image orthicon has high sensitivity because of charge storage by the target
plate and the use of an electron multiplier.

Dichroic mirrors can split white light into colors.

In a camera with four camera tubes, one is for the Y luminance signal.

In the vidicon and plumbicon, the signal output is taken from the target plate.
In the image orthicon, the return beam provides the variations in camera signal.
The image orthicon uses silicon photodiodes for the target plate.

The plumbicon uses lead monoxide (PbO) for the target plate.

The amount of target voltage in the vidicon and plumbicon determines the
amount of dark current.

At low values of dark current in the vidicon, lag in the photoconductive layer can
produce a tail that follows fast-moving objects in the scene.

Typical output current for the vidicon and plumbicon is approximately 140 mA.
The solid-state image sensor does not use an electron scanning beam.
Without light on a silicon diode-array vidicon, the diodes have maximum reverse
bias to limit conduction in the forward direction.

The cue light on the camera head shows when the camera is “'on the air.”

A converging lens inverts the optical image.

A typical lens opening for television cameras is f/50.

Essay Questions

1.

Define the following terms: photocathode, photoconductor, photoelectrons,
photodiode, 1.0., and C.C.D.
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2. List the types of image plate for the light image in the image orthicon, standard
vidicon, plumbicon, and silicon vidicon camera tubes.

3. Give the function for each of the three sections in the image orthicon.

4. What is the difference between reverse bias and forward bias for a semicon-
ductor diode?

5. List four semiconductor elements having a valence of 4.

6. Make a drawing to illustrate construction and operation of a standard vidicon.
Explain briefly how camera output signal is produced.

7. What is meant by ‘‘dark current” in the vidicon?

8. Explain briefly how four camera tubes are used in a color camera. Do the same
for a color camera with three camera tubes.

9. List the main items of equipment in a camera chain.

10. Give one application for each of the camera tubes listed in Table 3-1.

Problems (Answers to selected problems at back of book)

1. With 10-uA peak-to-peak output from an image orthicon, how much is the camera
signal voltage across a 20-kQ: R,?

2. With 0.42 uA from a vidicon for white highlights and a dark current of 0.02 uA,
how much is the peak-to-peak camera signal voltage across a 60-k{) R,?

3. Refer to curve C of the vidicon light-transfer characteristics in Fig. 3-11, with
0.004-uA dark current. Give the output current produced by white highlights of
100 footcandles, as provided by film projection directly on the target.




Scanning and
Synchronizing

The rectangular area scanned by the electron beam as it is deflected horizontally and
vertically is called the raster. Figure 4-1 shows the scanning raster on the picture tube
screen, without any picture information. With video signal, the picture tube re-
produces the picture on the raster. In addition, the deflection must be synchronized
with the picture. To time the horizontal and vertical scanning correctly, synchronizing
pulses are transmitted as part of the signal. The scanning and synchronizing are
explained in the following topics:

4-1 The sawtooth waveform for linear scanning

4-2 Standard scanning pattern

4-3 A sample frame of scanning

4-4  Flicker

4-5 Raster distortions

4-6 The synchronizing pulses

4-7 Scanning, synchronizing, and blanking frequencies



FIGURE 4-1 SCANNING RASTER ON SCREEN OF PICTURE
TUBE (RETRACES ARE NORMALLY BLANKED OUT). THIS
RASTER IS NOT INTERLACED BECAUSE THERE IS NO VER-
TICAL SYNCHRONIZATION.

4-1 The Sawtooth
Waveform
for Linear Scanning

As an example of linear scanning, consider the
sawtooth waveshape in Fig. 4-2 as scanning cur-
rent for an electromagnetic tube. This current
flows through the deflection coils in the yoke on
the neck of the picture tube. Let the peak value
be 400 mA. If 100 mA is needed to produce a
deflection of 5 in., then 400 mA will deflect the
beam 20 in. Furthermore, the linear rise on the
sawtooth wave provides equal increases of 100
mA for each of the four equal periods of time
shown. Each additional 100 mA deflects the
beam another 5 in.

Horizontal scanning. This linear rise of current
in the horizontal deflection coils deflects the
beam across the screen with a continuous, uni-
form motion for the trace from left to right. At
the peak of the rise, the sawtooth wave reverses
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Deflection
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FIGURE 4-2 SAWTOOTH SCANNING WAVEFORM.

Time —

direction and decreases rapidly to its initial
value. This fast reversal produces the retrace or
flyback.

The start of horizontal trace is at the left
edge of the raster. The finish is at the right edge,
where the flyback produces retrace back to the
left edge. See Fig. 4-3a. Note that "up’ on the
sawtooth wave corresponds to horizontal de-
flection to the right.

Vertical scanning. This sawtooth current in the
vertical deflection coils moves the electron
beam from top to bottom of the raster. While the
electron beam is being deflected horizontally,

/

[}
Raster I’ Raster
l
f b i
I l \ /
I Right \ Bottom
e Retrace wac® Retrace
| o i vV
| \
Left Left Top Top

(a) (b)

FIGURE 4-3 DIRECTIONS FOR TRACE AND RETRACE: (a)
HORIZONTAL ; (b) VERTICAL.
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the vertical sawtooth deflection waveshape
moves the beam downward with uniform speed.
Then the beam produces complete horizontal
lines, one under the other.

The trace part of the sawtooth wave for
vertical scanning deflects the beam to the bot-
tom of the raster. Then therapid vertical retrace
returns the beam to the top. See Fig. 4-3b. Note
that up on the sawtooth wave for vertical deflec-
tion shows increasing current to deflect the
beam downward.

Scanning frequencies. Both trace and retrace
are included in one cycle of the sawtooth wave.
Since the number of complete horizontal lines
scanned in 1 s equals 15,750, for horizontal
deflection the frequency of the sawtooth waves
is 15,750 Hz. For vertical deflection, the fre-
quency of the sawtooth waves equals the field-
scanning rate of 60 Hz. The vertical scanning
motion at 60 Hz is much slower than the hor-
izontal sweep rate of 15,750 Hz. As a result,
many horizontal lines are scanned during one
cycle of vertical scanning. We can consider that
the vertical deflection makes the horizontat lines
fill the raster from top to bottom.

Retrace time. During flyback time, both hori-
zontal and vertical, all picture information is
blanked out. Therefore, the retrace part of the
sawtooth wave is made as short as possible,
since retrace is wasted time in terms of picture
information. For horizontal scanning, retrace
time is approximately 10 percent of the total line
period. With 63.5 us for a complete line, 10 per-
cent equals 6.35 us for horizontal flyback time.
Practical limitations in the circuits producing
the sawtooth waveform make it difficult to
produce a faster flyback.

The lower-frequency vertical sawtooth
waves usually have a flyback time less than 5
percent of one complete cycle. A vertical retrace

3 percent of '/, s, as an example, equals 0.0005
s, or 500 us. Although vertical retrace is fast
compared with vertical trace, note that 500 us is
much longer than a complete horizontal line,
which takes 63.5 us. Actually, the vertical re-
trace time of 500 us includes approximately
eight lines.

4-2 Standard Scanning
Pattern

The scanning procedure that has been univer-
sally adopted employs horizontal linear scan-
ning in an odd-line interlaced pattern. The FCC
scanning specifications for television broad-
casting in the United States provide a standard
scanning pattern that includes a total of 525
horizontal scanning lines in a rectangular frame
having a 4.3 aspect ratio. The frames are re-
peated at a rate of 30 per second with two
fields interlaced in each frame.

Interlacing procedure. Interlaced scanning
can be compared with reading the interlaced
lines written in Fig. 4-4. Here the information on
the page is continuous if you read all the odd
lines from top to bottom and then go back to the
top to read all the even lines down to the bottom.
If the whole page were written and read in this
interlaced pattern, the same amount of informa-
tion would be available as though it were written

The horizontal scanning lines ore interlaced in
the odd lines are scanned, omitting the even lines.
the television system in order to provide two
Then the even lines are scanned to complete the
views of the image for each picture frame. All
whole frame without losing any picture information.

FIGURE 4-4 INTERLACED LINES. READ THE FIRST AND
ODD LINES AND THEN THE SECOND AND EVEN LINES.




in the usual way with all the lines in progressive
order.

For interlaced scanning, therefore, all the
odd lines from top to bottom of the frame are
scanned first, skipping over the even lines. After
this vertical scanning cycle, a rapid vertical re-
trace moves the electron scanning beam back to
the top of the frame. Then all the even lines
which were omitted in the previous scanning run
are scanned from top to bottom.

Each frame is therefore divided into two
fields. The first and all odd fields contain the
odd lines in the frame, while the second and all
even fields include the even scanning lines.
With two fields per frame and 30 complete
frames scanned per second the field repetition
rate is 60 per second and the vertical scanning
frequency is 60 Hz. In fact, it is the doubling of
the vertical scanning frequency from the 30-Hz
frame rate to the 60-Hz field rate that makes the
beam scan every other line in the frame.

Odd-line interlacing. The geometry of the
standard odd-line interlaced scanning pattern is
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itlustrated in Fig. 4-5. Actually, the electron gun
aims the beam at the center, which is where the
scanning starts from. For convenience, howev-
er, we can follow the motion starting at the
upper left corner of the frame at point A. For this
line 1, the beam sweeps across the frame with
uniform velocity to cover all the picture elements
in one horizontal line. At the end of this trace
the beam then retraces rapidly to the left side of
the frame, as shown by the dashed line in the
illustration, to begin the next horizontal line.

Note that the horizontal lines slope down-
ward in the direction of scanning because the
vertical deflecting signal simultaneously pro-
duces a vertical scanning motion, which is very
slow compared with horizontal scanning. Also
note that the slope of the horizontal trace from
left to right is greater than during retrace from
right to left. The reason is that the faster retrace
does not allow the beam so much time to be
deflected vertically.

After line 1, the beam is at the left side
ready to scan line 3, omitting the second line.
This skipping of lines is accomplished by dou-
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) I - ~ -\.\ >
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0Odd lines Inactive lines D Even lines D Inactive lines
in 1st vertical trace in 1st vertical retrace in 2d vertical trace in 2d vertical retrace

|

I
1st field = 262Y2 lines

l

T
2d field= 262Y2 lines

_

[

Frame =525 lines

FIGURE 4-5 ODD-LINE INTERLACED SCANNING PROCEDURE.
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bling the vertical scanning frequency from the
frame repetition rate of 30 to the field frequency
of 60 Hz. Deflecting the beam vertically at twice
the speed necessary to scan 525 lines produces
a complete vertical scanning period for only
262'/, lines, with alternate lines left blank. The
electron beam scans all the odd lines, then, fi-
nally reaching a position such as B in the figure
at the bottom of the frame.

At time B the vertical retrace begins
because of flyback on the vertical sawtooth
deflecting signal. Then the beam is brought
back to the top of the frame to begin the second,
or even, field. As shown in Fig. 4-5, the beam
moves from point B up to C, traversing a whole
number of horizontal lines.

This vertical retrace time is long enough
for the beam to scan several horizontal lines.
We can call these vertical retrace lines, meaning
complete horizontal lines scanned during ver-
tical flyback. Note that the vertical retrace lines
slope upward, as the beam is moving up while it
scans horizontally. The upward slope of vertical
retrace lines is greater than the downward slope
of lines scanned during vertical trace because
the flyback upward is much faster than the trace
downward. Any lines scanned during vertical re-
trace are not visible, though, because the elec-
tron beam is cut off by blanking voltage during
vertical flyback time. The vertical retrace lines
are inactive because they are blanked out.

Horizontal scanning during the second
field begins with the beam at point C in Fig. 4-5.
This point is at the middle of a horizontal line
because the first field contains 262 lines plus
one-half a line. After scanning a half line from
point C, the beam scans line 2 in the second
field. Then the beam scans between the odd
lines to produce the even lines that were omitted
during the scanning of the first field. The ver-
tical scanning motion is exactly the same as in
the previous field, giving all the horizontal lines
the same slope downward in the direction of

scanning. As a result, all the even lines in the
second field are scanned down to point D.
Points D and B are a half line away from each
other because the second field started with a
half line.

The vertical retrace in the second field
starts at point D in Fig. 4-5. From here, vertical
flyback returns the beam to the top. With a
whole number of vertical retrace lines, the beam
finishes the second vertical retrace at A. The
beam will always finish the second vertical re-
trace where the first trace started because the
number of vertical retrace lines is the same in
both fields. At point A, then, the scanning beam
has just completed two fields or one frame and
is ready to start the third field to repeat the scan-
ning pattern.

All odd fields begin at point A and are the
same. All even fields begin at point C and are
the same. Since the beginning of the even-field
scanning at C is on the same horizontal level as
A with a separation of one-half line, and since
the slope of all the lines is the same, the even
lines in the even fields fall exactly between the
odd lines in the odd field. The essential require-
ment for this odd-line interlace is that the start-
ing points at the top of the frame be separated
by exactly one-half line between even and odd
fields.

4-3 A Sample Frame
of Scanning

A complete scanning pattern is shown in Fig. 4-6
with the corresponding horizontal and vertical
sawtooth waveforms to illustrate odd-line in-
terlacing. A total of 21 lines in the frame is used
for simplicity, instead of 525. The 21 lines are in-
terlaced in two fields per frame. One-half the
21-line total, or 10'/, lines, are in each field. Of
the 10'/, lines in a field, we can assume 1 line is
scanned during vertical retrace for a convenient
vertical flyback time. Then 8'/, lines are
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Horizontal traces
Horizontal retraces

- 0dd field —— Even field - Vertical flyback time
19
Deflecting H traces
signal H retraces
amplitude
Ale Vtrace > |« Vitrace— =i | Time>
v v
retrace retrace

FIGURE 4-6 A SAMPLE SCANNING PATTERN FOR 21 INTERLACED LINES, WITH CORRE-
SPONDING SAWTOOTH DEFLECTION WAVEFORMS. BEGINNING AT POINT A, THE SCAN-
NING MOTION CONTINUES THROUGH 8, C, D, AND BACK TO A AGAIN

scanned during vertical trace in each field.

The entire frame has 2 x 9'/,, or 19, lines
scanned during vertical trace, plus 2 vertical re-
trace lines.

Starting in the upper left corner at A in
Fig. 4-6, the beam scans the first line from left to
right and retraces to the left for the beginning of

the third line in the frame. Then the beam scans
the third and succeeding odd lines down to the
bottom of the frame. After scanning 9'/, lines,
the beam is at point B at the bottom when ver-
tical flyback begins. Notice that this vertical re-
trace starts in the middle of a horizontal line.
One line is scanned during vertical retrace, con-
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sisting of two half lines in this illustration, slop-
ing upward in the direction of scanning. During
this vertical retrace the scanning beam is
brought up to point C, separated from point A by
exactly a half line, to start scanning the second
field.

Because of this half-line separation be-
tween points A and C, the lines scanned in the
even field fall exactly between the odd lines in
the previous field. The beam then scans 9'/,
even lines from point C to D where the vertical
retrace begins for the even field. This verti-
cal retrace starts at the beginning of a horizon-
tal line. Vertical retrace time is the same for both
fields. Therefore, the one vertical retrace line in
the second field returns the beam from D at the
bottom to A at the top left corner of the frame
where another odd field begins.

It should be noted that the points at which
vertical retrace and the downward scan begin
need not be exactly as shown in Fig. 4-6. These
points could all be shifted by any fraction of a
horizontal line without loss of interlace if the
half-line difference were maintained.

The half-line spacing between the starting
points in alternate fields is automatically pro-
duced in the sawtooth deflecting signals and the
scanning motion because there is an odd
number of lines for an even number of fields.
Proper interlacing is assured, therefore, when
the required frequencies of the horizontal and
vertical sawtooth scanning signals are main-
tained precisely and the flyback time on the ver-
tical sawtooth wave is constant for all fields.

4-4 Flicker

Interlaced scanning is used because the flicker
effect is negligible with 60 views of the picture
presented each second. Although the frame
repetition rate is still 30 per second, the picture

is blanked out during each vertical retrace 60
times per second. Then the change from black
between pictures to the white picture is too
rapid to be noticeable. If progressive scanning
were used instead of interlacing, with all the
lines in the frame simply scanned in progressive
order from top to bottom, there would be only 30
blankouts per second and objectionable flicker
would result. Scanning 60 complete frames per
second in a progressive pattern would also elim-
inate flicker in the picture, but the horizontal
scanning speed would be doubled, which would
double the video frequencies corresponding to
the picture elements in a line.

Although the increased blanking rate with
interlaced scanning largely eliminates the effect
of flicker in the image as a whole, the fact that
individual lines are interlaced can cause flicker
in small areas of the picture. Any one line in the
image is illuminated 30 times per second, reduc-
ing the flicker rate of a single line to one-half the
flicker rate for the interlaced image as a whole.
The lower flicker rate for individual lines may
cause two effects in the picture called interline
flicker and line crawl. The interline flicker is
sometimes evident as a blinking of thin horizon-
tal objects in the picture, such as the roof line of
a house. Line crawl is an apparent movement of
the scanning lines upward or downward through
the picture, due to the successive illumination of
adjacent lines. These effects may be noticed
sometimes in bright parts of the picture because
the eye perceives flicker more easily at high
brightness levels.

4-5 Raster Distortions

Since the picture information is reproduced on
the scanning lines, distortions of the raster are
in the picture. A rectangular shape for the ras-
ter, the correct proportions of width to height,




and, finally, uniform deflection are required in
order for the edges not to be distorted with re-
spect to the center.

Incorrect aspect ratio. Two cases are illus-
trated in Fig. 4-7. In a the raster on the picture
tube screen is not wide enough for its height,
compared with the 4:3 aspect ratio used in the
camera tube. Then people in the picture look
too tall and thin, with the same geometrical dis-
tortion as the raster. This raster needs more
width. In b, the raster is not high enough for its
width, and people in the picture will look too
short. This raster needs more height. For both a
and b, these troubles are generaily caused by in-
sufficent output from the horizontal and vertical
deflection circuits.

Pincushion and barrel distortion. |If deflection
is not uniform at the edges of the raster, com-
pared with the center, the raster will not have
straight edges. For scanning lines bowed
inward as in Fig. 4-8a, this effect is pincushion
distortion. Barrel distortion is shown in b.
Pincushion distortion is a problem with
large-screen picture tubes. Since the faceplate
is almost flat, the distance is longer from the
point of deflection to the corners of the screen.
The electron beam is deflected more than at the
center, resulting in a raster with the corners
stretched out. The pincushion distortion can be
corrected, however, by a compensating magnet-
ic field. Small permanent magnets for pincush-
ion correction are mounted on the deflection
yoke for monochrome picture tubes. With color
picture tubes, the deflection current in the yoke
is modified by pincushion correction circuits.

Trapezoidal distortion. In Fig. 4-9a, the scan-
ning lines are wider at the top than at the bot-
tom. This raster has the shape of a keystone or a
trapezoid. The geometrical form of a trapezoid

SCANNING AND SYNCHRONIZING 57

IR SEIRE R,
% TR
(a) (b)

FIGURE 4-7 INCORRECT ASPECT RATIO IN RASTER.
BLACK SHOWS AREAS OF SCREEN NOT COVERED BY
SCANNING. (a) INSUFFICIENT WIDTH. (b) INSUFFICIENT
HEIGHT.
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FIGURE 4-8 PINCUSHION DISTORTION OF RASTER IN (a)
AND BARREL DISTORTION IN (b).

(a) (b)

FIGURE 4-9 TRAPEZOIDAL RASTER. (a) KEYSTONED SIDES
CAUSED BY UNSYMMETRICAL HORIZONTAL SCANNING. (b)
KEYSTONED AT TOP AND BOTTOM BECAUSE OF UNSYM-
METRICAL VERTICAL SCANNING.

has straight edges that are not parallel. This ef-
fect in the raster is called keystoning, which is a
form of trapezoidal distortion. The cause is un-
symmetrical deflection, either left to right as in
Fig. 4-9a or top to bottom as in b. For picture
tubes, the symmetry in scanning is provided by
the balanced coils in the deflection yoke.

Nonlinear scanning. The sawtooth waveform
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with a linear rise for trace time produces linear
scanning, as the beam is made to move with
constant speed. With nonlinear scanning, how-
ever, the motion of the beam is too slow or too
fast. If the scanning spot at the receiver moves
too slowly, compared with scanning in the cam-
era tube at the transmitter, picture information
will be crowded together. Or, if scanning, is too
fast, the reproduced picture information is
spread out. Usually the nonlinear scanning
causes both effects at opposite ends of the ras-
ter. This is illustrated in Fig. 4-10a for a hori-
zontal line with picture elements spread out at
the left and crowded at the right. When the
same effect occurs for all the horizontal lines in
the raster, the entire picture is spread out at the
left side and crowded at the right side. With
people in the picture, a person at the left ap-
pears too wide while someone at the right looks
too thin.

The vertical scanning motion must also be
uniform; otherwise the horizontal lines will be
bunched at the top or bottom of the raster and
spread out at the opposite end. This effect is
illustrated in Fig. 4-10b for spreading at the top
and crowding at the bottom. Then a person in
the picture will appear distorted with a long
head and short legs. For both a and b, scanning
nonlinearity generally is caused by amplitude
distortion in the deflection amplifier circuits.

Poor interlacing. In each field the vertical
trace from the top must start exactly a half line
from the start of the previous field for odd-line
interlacing. If the downward motion is slightly
displaced from this correct position, the spot
starts scanning too close to one of the lines in
the previous field, instead of scanning exactly
between lines. This incorrect start produces a
vertical displacement between odd and even
lines that is carried through the entire frame. As
a result, pairs of lines are too close, with extra

I W W W W W W Normal scanning line

B W W W WWEE Noniinear scanning
(a)

(b)

FIGURE 4-10 EFFECTS OF NONLINEAR SCANNING. (a) PIC-
TURE ELEMENTS SPREAD OUT AT LEFT AND CROWDED AT
RIGHT, CAUSED BY NONLINEAR HORIZONTAL SCANNING.
(b) SCANNING LINES SPREAD OUT AT TOP AND CROWDED
AT BOTTOM, CAUSED BY NONLINEAR VERTICAL SCAN-
NING.

space between pairs. Then you can see too
much black between the white scanning lines.
This defect in the interlaced scanning is called
line pairing. For the extreme case, lines in each
successive field may be scanned exactly on the
previous field lines. Then the raster contains
only one-half the usual number of horizontal
lines.

When the picture has diagonal lines as
part of the image, poor interlacing makes them
appear to be interwoven in the moiré effect
shown in Fig. 4-11. This effect, also called fish-
tailing, is more evident in diagonal picture in-
formation, when the interlacing varies in suc-
cessive frames.

Poor interlacing is caused by inaccurate
vertical synchronization. Although the period of
a field is '/g4 s, which is a relatively long time,
vertical scanning in every field must be timed
much more accurately for good interlace. If the
vertical timing is off by '/, us in one fieid com-
pared with the next, the interlaced fields are
shifted the distance of one picture element.
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FIGURE 4-11 FAULTY INTERLACING. LINE DIVISIONS IN
HORIZONTAL WEDGES ARE INTERWOVEN IN A MOIRE EF-
FECT.

4-6 The Synchronizing
Pulses

At the receiver the picture tube scanning beam
must reassemble picture elements on each hori-
zontal line with the same left-right position as
the image at the camera tube. Also, as the beam
scans vertically the successive scanning lines on
the picture tube screen must present the same
picture elements as corresponding lines at the
camera tube. Therefore, a horizontal synchro-
nizing pulse is transmitted for each horizontal
line to keep the horizontal scanning synchro-
nized, and a vertical synchronizing pulse is
transmitted for each field to synchronize the ver-
tical scanning motion. The horizontal synchro-
nizing pulses then have a frequency of 15,750
Hz, and the frequency of the vertical synchro-
nizing pulses is 60 Hz.

The synchronizing pulses are transmitted
as part of the picture signal but are sent during
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the blanking period when no picture information
is transmitted. This is possible because the syn-
chronizing pulse begins the retrace, either hori-
zontal or vertical, and therefore occurs during
retrace time. The synchronizing signals are
combined with the picture signal in such a way
that part of the modulated picture signal ampli-
tude is used for the synchronizing pulses and
the remainder for the camera signal. The term
sync is often used for brevity to indicate the syn-
chronizing pulses.

The form of the synchronizing pulses is
illustrated in Fig. 4-12. Note that all pulses have
the same amplitude but differ in pulse width or
waveform. The synchronizing pulses shown
include from left to right three horizontal pulses,
a group of six equalizing pulses, a serrated ver-
tical pulse, and six additional equalizing pulses
which are followed by three more horizontal
pulses. There are many additional horizontal
pulses after the last one shown, following each
other at the horizontal line frequency until the
equalizing pulses occur again for the beginning
of the next field. For every field there must be
one wide vertical pulse, which is actually com-
posed of six individual pulses separated by the
five serrations.

Each vertical synchronizing pulse extends
over a period equal to six half lines or three
complete horizontal lines, making it much wider
than a horizontal pulse. This is done to give the
vertical pulses an entirely different form from the
horizontal pulses. Then they can be completely
separated from each other at the receiver, one
furnishing horizontal synchronizing signals
alone while the other provides only vertical syn-
chronization.

The five serrations are inserted in the ver-
tical pulse at half-line intervals. The equalizing
pulses are also spaced at half-line intervals.
These half-line pulses can serve for horizontal
synchronization, alternate pulses being used for
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FIGURE 4-12 THE SYNCHRONIZING
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even and odd fields. The reason for using
equalizing pulses, however, is related to vertical
synchronization. Their effect is to provide iden-
tical waveshapes in the separated vertical syn-
chronizing signal for even and odd fields so that
constant timing can be obtained for good in-
terlace. Since the equalizing pulses are re-
peated at half-line intervals, their repetition rate
is twice 15,750, or 31,500 Hz.

The synchronizing signals do not produce
scanning. Sawtooth generator circuits are need-
mrovide the deflection of the electron
beam that produces the scanning raster. How-
ever, the sync enables the picture information
reproduced on the raster to hold still in the cor-

(a)

PULSES.

rect position. Without vertical sync, the picture
which is reproduced appears to roll up or down
the raster; without horizontal sync the picture
drifts to the left or right, and then the line struc-
ture breaks into diagonal segments. These ef-
fects are shown in Fig. 4-13.

4-7 Scanning,
Synchronizing, and
Blanking Frequencies

The sync and blanking pulses always have the
same rate as the scanning frequency. These val-
ues are summarized in Table 4-1. For vertical

(b)

FIGURE 4-13 EFFECTS OF NO SYNC. (a) PICTURE ROLLING UP OR DOWN WITHOUT VER-
TICALSYNC. (b) PICTURE TORN INTO DIAGONAL SEGMENTS WITHOUT HORIZONTAL SYNC.



TABLE 4-1 SCANNING, SYNCHRONIZING, AND
BLANKING FREQUENCIES®

FREQUENCY, Hz APPLICATION
60 V sync to time V field scanning
60 V scanning to make lines fill raster
60 V blanking to blank out V retraces
15,750 H sync to time H scanning
15,750 H scanning to produce lines
15,750 H blanking to blank out H retraces
31,500 Equalizing pulses

‘These are values for monochrome and only nominal
values for color television broadcasting, where Vis ex-
actly 59.94 Hz and H is exactly 15,734.26 Hz.

deflection, the sawtooth scanning waveform has
the frequency of 60 Hz because this is deter-
mined by the V sync pulses repeated every '/, s.
The vertical retrace is blanked out because the
flybackis triggered by the V sync pulse during the
timeof the Vblanking pulse. Therelation ofV sync
within Vblanking can beseeninFig.5-5inChap. 5
on the Composite Video Signal.

Similarly, for horizontal deflection, the
sawtooth scanning waveform has the frequency

SUMMARY
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of 15,750 Hz because this is the repetition rate of
the H sync pulses. H flyback is blanked out
because H retrace is within the time of H blank-
ing.

The groups of equalizing pulses are re-
peated every '/, s but each of the pulses is
spaced at half-line intervals with the frequency
of 31,500 Hz. The function of the equalizing
pulses is to equalize the vertical synchronization
in even and odd fields for good interlacing.
However, there is no scanning or blanking at the
equalizing-pulse rate of 31,500 Hz.

It may be of interest to note that for color
television broadcasting the V field frequency is
exactly 59.94 Hz and the H line frequency is
15,734.26 Hz. These values are derived as sub-
multiples of the exact color subcarrier frequency
of 3.579545 MHz. However, these frequencies
are so close to 60 and 15,750 Hz that the deflec-
tion circuits can easily lock in for synchronized V
and H scanning. The main factor is that when
the V and H scanning frequencies are shifted
slightly for color television, both the sync and
blanking pulses are also changed to the new
frequencies. A synchronized scanning circuit
automatically locks into the sync frequency.

1. The sawtooth waveform for deflection provides linear scanning. The linear rise on

the sawtooth is the trace part; the sharp drop in amplitude is for the retrace or
flyback. Both trace and retrace are included in one cycle.

The frequency of the sawtooth waveform for horizontal deflection is the horizon-
tal line rate of 15,750 Hz.

The frequency of the sawtooth waveform for vertical deflection is the field rate of
60 Hz. Vertical flyback time 5 percent or less of '/, s is long enough to include
several complete lines. These horizontal lines scanned during vertical retrace are
vertical flyback lines.

In odd-line interlacing, an odd number of lines (525) is used with an even number
of fields (60), so that each field has a whole number of lines plus one-half. Then
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successive fields start scanning a half line away from the previous field,
interlacing odd and even lines in the frame.

5. Interlaced scanning eliminates flicker because of the 60-cycle vertical blanking
rate, while maintaining the 30-cycle rate for complete picture frames.

6. Distortions of the scanning raster include keystone, trapezoid, pincushion, and
barrel effects.

7. Incorrect aspect ratio can make people in the picture look too tall or too short,
because of incorrect height or width of the raster.

8. Nonlinear scanning spreads or crowds picture information at one end of the ras-
ter compared with the opposite end. This effect also distorts the shape of people
in the picture.

9. Thesynchronizing pulses time the scanning with respect to the position of picture
information on the raster. Horizontal sync pulses time every line at 15,750 Hz; ver-
tical sync pulses time every field at 60 Hz. All the sync pulses have the same
amplitude, but a much wider pulse is used for vertical sync. The equalizing pulses
and the serrations in the vertical pulse occur at half-line intervals with the
frequency of 31,500 Hz.

Self-Examination (Answers at back of book)

Choose (a), (b), (c), or (d).

1. Inthe sawtooth waveform for linear scanning the (a) linear rise is for flyback; (b)
complete cycle includes trace and retrace; (c) sharp reversal in amplitude
produces trace; (d) beam moves faster during trace than retrace.

2. With a vertical retrace time of 635 us, the number of complete horizontal lines
scanned during vertical flyback is (a) 10; (b) 20; (c) 30; (d) 63.

3. One-half line spacing between the start positions for scanning even and odd
fields produces (a) linear scanning; (b) line pairing; (c) fishtailing; (d) exact in-
terlacing.

4. The number of lines scanned per frame in the raster on the picture tube screen is
(a) 525; (b) 262'/,; (c) 20; (d) 10.

5. In the interlaced frame, alternate lines are skipped during vertical scanning
because the (a) trace is slower than retrace; (b) vertical scanning frequency is
doubled from the 30-Hz frame rate to the 60-Hz field rate; (¢) horizontal scanning
is slower than vertical scanning; (d) frame has the aspect ratio of 4:3.

6. With 10 percent for horizontal flyback, this time equals (a) 10 us; (b) 56 us; (c) 6.4
us; (d) 83 usec.

7. Which of the following is not true? (a) Line pairing indicates poor interlacing. (b)
People will look too tall and thin on a square raster on the picture tube screen.
(c) A person can appear to have one shoulder wider than the other because of
nonlinear horizontal scanning. (d) The keystone effect produces a square raster.
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8. The width of a vertical sync pulse with its serrations includes the time of (a) six
half lines or three lines; (b) five lines; (c) three half lines; (d) five half lines.

9. Sawtooth generator circuits produce the scanning raster, but the sync pulses are
needed for (a) linearity; (b) timing; (c) keystoning; (d) line pairing.

10. Which of the following frequencies is wrong? (a) 15,750 Hz for horizontal sync
and scanning; (b) 60 Hz for vertical sync and scanning; (c) 31,500 Hz for equaliz-
ing pulses and serrations in the vertical sync pulse; (d) 31,500 Hz for the vertical
scanning frequency.

Essay Questions

1. Draw the interlaced scanning pattern for a total of 25 lines per frame, interlaced in
two fields. Also show the corresponding sawtooth waveforms for horizontal and
vertical scanning, as in Fig. 4-6. Assume one line scanned during each vertical
flyback.

2. Define the following terms: (a) scanning raster; (b) pincushion effect; (c) line pair-
ing; (d) interline flicker; (e) moiré effect.

3. Why are the lines scanned during vertical trace much closer together than lines
scanned during vertical flyback?

4. Suppose the sawtooth waveform for vertical scanning has a trace that rises too
fast at the start and flattens at the top. Will the scanning lines be crowded at the
top or bottom of the picture tube raster? How will people look in the picture?

5. Draw two cycles of the 15,750-Hz sawtooth waveform, showing retrace equal to
0.08H to exact scale. Label trace, retrace, and time of one cycle in microseconds.

6. Draw two cycles of the 60-Hz sawtooth waveform, showing retrace equal to 0.04V
to exact scale. Label trace, retrace, and time of one cycle in microseconds.

7. Where is the electron scanning beam at the time of: (a) start of linear rise in H saw-
tooth; (b) start of H flyback; (c) start of linear rise in V sawtooth; (d) start of V
flyback?

Problems (Answers to selected problems at back of book)

1. How many flyback lines are produced during vertical retrace for each field and
each frame for retrace time equal to (a) 0.02V; (b) 0.08V?

2. Compare the time in microseconds for horizontal flyback equal to 0.08H+ and ver-
tical flyback of 0.04V.

3. (a)How much time elapses between the start of one horizontal sync pulse and the
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next? (b) Between one vertical pulse in an odd field and the next in an even field?

4. What frequencies correspond to the following periods of time for one cycle: (a)
e S; (D) 63.5 us; (¢) 53.3 us.

5. Refer to the sawtooth waveforms in Fig. 4-14 below. For the opposite polarities
in @ and b, indicate trace and retrace on each H sawtooth, also, the corre-
sponding left and right edges in the raster. For the opposite polarities in ¢ and d
indicate trace and retrace on each V sawtooth, also, the corresponding top and
bottom edges in the raster.

+—63.5us—> Vg S
H /\/
(a) (c)
H \/\
(b) (d)

FIGURE 4-14 FOR PROBLEM 5




Lomposite
Video Signal

“Composite’ means that the video signal includes separate parts. These parts are (1)
camera signal corresponding to the desired picture information, (2) synchronizing
pulses to synchronize the transmitter and receiver scanning, and (3) blanking pulses
to make the retraces invisible. How these three components are added to produce the
composite video signal is illustrated in Fig. 5-1. The camera signal in a is combined
with the blanking pulse in b, and then the sync pulse to produce the composite video
signal in ¢. The result shown here is composite video signal for one horizontal scan-
ning line. In addition, for color the 3.58-MHz chrominance signal and color sync burst
are included. With signal for all the lines, the composite video contains the informa-
tion needed to reproduce the complete picture. More details are explained in the fol-
lowing topics:

5-1 Construction of the composite video signal
5-2 Horizontal blanking time
5-3 Vertical blanking time
5-4 Picture information and video signal amplitudes
5-5 Oscilloscope waveforms of video signal
5-6 Picture information and video signal frequencies
5-7 Maximum number of picture elements
5-8 Test patterns
5-9 Dc component of the video signal
5-10 Gamma and contrast in the picture
5-11 Color information in the video signal
5-12 Vertical interval test signals (VITS)
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5-1 Construction of
the Composite Video
Signal

In Fig. 5-2, successive values of voltage or cur-
rent amplitude are shown for the scanning of
three horizontal lines in the image. Note that the
amplitude of the video signal is divided into two
sections. The lower 75 percent is used for cam-
era signal, with the upper 25 percent for syn-
chronizing pulses. In the camera signal, the
lowest amplitudes correspond to the whitest
parts of the picture while the darker parts of the
picture have higher amplitudes. This is the way

Horizontal
Camera  Horizontal  blanking
signal sync pulse pulse

Voltage or current in
percent of maximum

(c)

Time  )GNAL. (c) SYNC PULSE ADDED TO
BLANKING PULSE.

the signal is transmitted, using a standard nega-
tive polarity of transmission. ‘“Negative trans-
mission’ means that white parts of the picture
are represented by low amplitudes in the trans-
mitted picture carrier signal. Higher amplitudes
correspond to progressively darker picture in-
formation until the black level is reached.

The composite video signal and scanning.
Referring again to Fig. 5-2, consider the am-
plitude variations shown as the desired video
signal obtained in scanning three horizontal
lines at the top of the image. Starting at the ex-
treme left in the figure at zero time, the signal is

Maximum tevel 100%

Blanking level 75% + 2.5%

Maximum white level
12.5% = 2.5%
+{1/15,750 s |~ Time

FIGURE 5-2 COMPOSITE VIDEO SIG-
NAL FOR THREE CONSECUTIVE HORI-
ZONTAL LINES.
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at a white level and the scanning beam is at the
left side of the image. As the first line is scanned
from left to right, camera signal variations are
obtained with various amplitudes that corre-
spond to the required picture information. After
horizontal trace produces the desired camera
signal for one line, the scanning beam is at the
right side of the image. The blanking puise is
then inserted to bring the video signal amplitude
up to black level so that retrace can be blanked
out.

After a blanking time long enough to
include retrace, the blanking voltage is removed.
The scanning beam is then at the left side ready
to scan the next line. Each horizontal line is
scanned successively in this way. Notice that
the second line shows dark picture information
near the black level. The third line has gray val-
ues with medium amplitudes of 40 to 50 percent.

With respect to time, the signal ampli-
tudes just after blanking in Fig. 5-2 indicate in-
formation corresponding to the left side at the
start of a scanning line. Just before blanking,
the signal variations correspond to the right side.
Informationexactlyinthecenterofascanningline
occursatatimehalfway betweenblanking pulses.

The blanking pulses. The composite video
signal contains blanking pulses to make the re-
trace lines invisible by raising the signal ampli-

tude to black level during the time the scanning
circuits produce retraces. All picture informa-
tion is cut off during blanking time because of
the black level. The retraces are normally
produced within the time of blanking.

As illustrated in Fig. 5-3, there are hori-
zontal and vertical blanking puises in the com-
posite video signal. The horizontal blanking
pulses are included to blank out the retrace from
right to left in each horizontal scanning line.
The repetition rate of horizontal blanking pulses,
therefore, is the line-scanning frequency of
15,750 Hz. The vertical blanking pulses have the
furction of blanking out the scanning lines
produced when the electron beam retraces ver-
tically from bottom to top in each field. There-
fore, the frequency of vertical blanking puises is
60 Hz for every field.

5-2 Horizontal
Blanking Time

Details in the horizontal blanking period are
illustrated in Fig. 5-4. The interval between hori-
zontal scanning lines is indicated by H. This
time for scanning one complete line, including
trace and retrace, equals '/,575 S, Or 63.5 us.
However, the horizontal blanking pulse has a
width only 0.14H to 0.18H. We can consider the
average of 16 percent of the line period as a typi-
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FIGURE 5-4 DETAILS OF HORIZONTAL BLANKING AND
SYNC PULSES. H EQUALS 63.5 us.

cal value. Then horizontal blanking time is
0.16 X 63.5 us for H, which equals 10 us, ap-
proximately. Subtracting from 63.5 us, we have
a remainder of 53.5 us as the time for visible
scanning, without blanking, in each line. The 10
us for blanking allows time for retrace.

Superimposed on the blanking pulses are
the narrower sync pulses. As noted in Fig. 5-4,
each horizontal sync pulse is 0.08H, or one-half
the average width for the blanking pulse. This
sync time equals '/, or 5 us.

For the remaining half of blanking time,
which is also 5 us, the signal is at the blanking
level. The part just before the sync pulse is
called the front porch, and the back porch
follows the sync pulse. The front porch is 0.02H
and the back porch 0.06H. Note that the back

porch is 3 times longer than the front porch.
These values are summarized in Table 5-1, with
the required tolerances. The minimum time of
3.81 us is specified for the back porch in order to
provide time for a burst of 3.58-MHz color syn-
chronizing signal. This is shown in Fig. 5-16b.

TABLE 5-1 DETAILS OF HORIZONTAL BLANKING

PERIOD TIME, ps
Total line (H) 63.5
H blanking 9.5-11.5
H sync pulse 475 =05

Front porch 1.27 (minimum)
Back porch 3.81 (minimum)
Visible line time 52-54

Blanking time is slightly longer than typi-
cal values of retrace time, which depend on the
horizontal deflection circuits in the receiver. As
a result, a small part of the trace usually is
blanked out at the start and end of every scan-
ning line. This effect of horizontal blanking is
illustrated by the black bars at the left and right
sides of the raster in Fig. 5-4. The black at the
right edge corresponds to the front porch of
horizontal blanking, before retrace starts. Gen-
erally, horizontal retrace starts at the keading
edge of the sync pulse. Just before retrace,
when the scanning beam is completing its trace
to the right, therefore, the blanking level of the
front porch makes the right edge black. With a
small part of every line blanked this way, a black
bar is formed at the right edge. This black bar at
the right can be considered as a reproduction of
the front-porch part of horizontal blanking.

After the front porch of blanking, horizon-
tal retrace is produced when the sync pulse
starts. The flyback is definitely blanked out
because the sync level is blacker than black. Al-



though retrace starts with the sync pulse, how
much time is needed to complete the flyback
depends on the scanning circuits. A typical hor-
izontal flyback time is 7 us. Blanking time after
the front porch is longer, however, and approxi-
mately equal to 9 us. Therefore, 2 us of blanking
remains after retrace is completed to the left
edge. Although the blanking is still on, the saw-
tooth deflection waveform makes the scanning
beam start its trace after flyback. As aresult, the
first part of trace at the leftis blanked. After 2 us
of blanked trace time at the left edge, the blank-
ing pulse is removed. Then video signal repro-
duces picture information as the scanning beam
continues its trace for 53.5 us of visible trace
time. However, the small part of every line
blanked at the start of trace forms the black bar
at the left edge of the raster. This black edge at
the left represents part of every back porch after
horizontal sync.

The blanking bars at the sides have no ef-
fect on the picture other than decreasing its
width slightly, compared with unblanked ras-
ter. However, the amplitude of horizontal scan-
ning can be increased to provide the desired
width.

5-3 Vertical
Blanking Time

The vertical blanking pulses raise the video sig-
nal amplitude to black level so that the scanning
beam is blanked out during vertical retraces.
The width of the vertical blanking pulse is 0.05V
to 0.08V, where V equals /4 s. If we take 8 per-
cent for the maximum, vertical blanking time is
0.08 X /4 s, which equals 1,333 us. Note that
this time is long enough to include many com-
plete horizontal scanning lines. If we divide
1,333-us vertical blanking time by the total line
period of 63.5 us, the answer is 21. Therefore, 21
lines are blanked out in each fieid, or 42 lines in
the frame. The total number of blanked lines in
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the frame can also be calculated as
0.08 x 525 = 42. This relatively long time blanks
not only vertical retrace lines but also a small
part of vertical trace at the bottom and top. The
maximum blanking time of 0.08V is generally
used to allow time for the vertical interval test
signals described in Sec. 5-12.

The sync pulses inserted in the composite
video signal during the wide vertical blanking
pulse are shown in Fig. 5-5. These include
equalizing pulses, vertical sync pulses, and
some horizontal sync pulses. The signals are
shown for the time intervals between the end of
one field and the next, to iilustrate what happens
during vertical blanking time. The two signals
shown one above the other are the same except
for the half-line displacement between succes-
sive fields necessary for odd-line interlacing.

Starting at the left in Fig. 5-5, the last four
horizontal scanning lines at the bottom of the
raster are shown with the required horizontal
blanking and sync pulses. Immediately follow-
ing the last visible line, the video signal is
brought up to black level by the vertical blanking
pulse in preparation for vertical retrace. The
vertical blanking period begins with a group of
six equalizing pulses, which are spaced at half-
line intervals. Next is the serrated vertical sync
pulse that actually produces vertical flyback in
the scanning circuits. The serrations also occur
at half-line intervals. Therefore, the ccmplete
vertical sync pulse is three lines wide. Following
the vertical sync is another group of six gqualiz-
ing pulses and a train of horizontal puIses.(’[Tu?—
ing this entire vertical blanking period no picture
information is produced, as the signal level is
black or blacker than black so that vertical re-
trace can be blanked out.|The details of all the
pulses in the vertical blanking interval are sum-
marized in Table 5-2.

Notice the position of the first equalizing
pulse at the start of vertical blanking in Fig. 5-5.
In the signal at the top, the first pulse is a full line
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FIGURE 5-5 SYNC AND BLANKING PULSES FOR SUCCESSIVE FIELDS. V EQUALS '/, s.

away from the previous horizontal sync pulse; in
the signal below for the next field, the first pulse
is one-half line away. This half-line difference
in time between even and odd fields continues
through all the following puises, so that the ver-
tical sync pulses for successive fields have the
timing required for odd-line interlacing.

The serrated vertical sync pulse forces the

TABLE 5-2 DETAILS OF VERTICAL BLANKING

PERIOD TIME
Total field (V) e = 0.0167 s
V blanking 0.05-0.08 V, or
0.0008-0.0013 s
Each V sync pulse H/2 = 3175 us
Total of 6 V sync pulses 3H =190.5 us
Each E pulse 0.04H = 2.54 ps
Each serration 0.07H = 4.4 us
Visible field time 0.92-095 V, or
0.015-0.016 s

vertical deflection circuits to start the flyback.
However, the flyback generally does not begin
with the start of vertical sync because the sync
pulse must build up charge in a capacitor to trig-
ger the scanning circuits. |f we assume vertical
flyback starts with the leading edge of the third
serration, the time of one line passes during ver-
tical sync before vertical flyback starts. Also, six
equalizing pulses equal to three lines occur
before vertical sync. Then 3 + 1, or 4, lines are
blanked at the bottom of the picture, just before
vertical retrace starts.

How long the flyback is depends on the
scanning circuits, but a typical vertical retrace
time is five lines. As the scanning beam retraces
from bottom to top of the raster, then, five
complete horizontal lines are produced. This
vertical retrace is easily fast enough to be
completed within vertical blanking time.

With four lines blanked at the bottom
before flyback and five lines during flyback, 12



lines remain of the total 21 during vertical blank-
ing. These 12 blanked lines are at the top of the
raster at the start of the vertical trace downward.

In summary, 4 lines are blanked at the bot-
tom and 12 lines at the top in each field. In the
total frame of two fields, these numbers are
doubled. The scanning lines that are produced
during vertical trace, but made black by vertical
blanking, form the black bars at top and bottom
of the raster in Fig. 5-4. The result is a slight
reduction in height of the picture with blanking,
compared with the unblanked raster. However,
the height is easily corrected by increasing the
amplitude of the sawtooth waveform for vertical
scanning.

5-4 Picture Information
and Video Signal
Amplitudes

Two examples are shown in Fig. 5-6 to illustrate
how the composite video signal corresponds to
visual information. In a, the video signal corre-
sponds to one horizontal line in scanning an
image with a black vertical bar down the center
of a white frame. In b, the black and white values
in the picture are reversed from a.

ude

Amplitude
Amplit

,-I/H= 1/15.7505F
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Starting at the left in Fig. 5-6a, the camera
signal obtained in active scanning of the image
is initially at the white level corresponding to the
white background. The scanning beam con-
tinues its forward motion across the white
background of the frame, and the signal con-
tinues at the same white level until the middle of
the picture is reached. When the black bar is
scanned, the video signal rises to the black level
and remains there while the entire width of the
black bar is scanned. Then the signal amplitude
drops to white level corresponding to the white
background and continues at that level while the
forward scanning motion is completed to the
right side of the image.

At the end of the visible trace the horizon-
tal blanking pulse raises the video signal ampli-
tude to black level in preparation for horizontal
retrace. After retrace, the forward scanning mo-
tior begins again to scan the next horizontal
line. Each successive horizontal line in the even
anc odd fields is scanned in this way. As a
result, the corresponding composite video sig-
nal for the entire picture contains a succession
of signals with a waveform identical with that
shown in Fig. 5-6a for each active horizontal
scanning line. For the image in b the idea is the

Blanking level

FIGURE 5-6 COMPOSITE VIDEO SIG-
NAL AND ITS CORRESPONDING PIC-
TURE INFORMATION. (a) IMAGE WITH

Time

- BLACK VERTICAL LINE ON WHITE
Time  BACKGROUND. (b) WHITE LINE ON
BLACK BACKGROUND.
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(b)

FIGURE 5-7 OSCILLOSCOPE PHOTOGRAPHS OF COM-
POSITE VIDEQO SIGNAL, SHOWN WITH SYNC POLARITY
DOWNWARD. (a) TWO LINES OF HORIZONTAL PICTURE IN-
FORMATION BETWEEN HORIZONTAL BLANKING AND SYNC
PULSES. OSCILLOSCOPE SWEEP AT 7,875 HZ. (b) TWO
FIELDS OF VERTICAL PICTURE INFORMATION BETWEEN
VERTICAL BLANKING AND SYNC PULSES. OSCILLOSCOPE
SWEEP AT 30 HZ.

same, but the camera signal corresponds to a
white vertical bar down the center of a black
frame.

These are simple types of images, but the
correlation can be carried over to an image with
any distribution of light and shade. If the pattern
contains five vertical black bars against a white
background, the composite video signal for
each horizontal line will include five rapid varia-
tions in amplitude from white to the black level.

As another example, suppose the pattern
consists of a horizontal black bar across the
center of a white frame. Then most of the hori-
zontal lines will contain white picture informa-

tion for the entire trace period, with the camera
signal amplitude remaining at white level except
for the blanking intervals. However, those hori-
zontal lines that scan across the black bar will
produce camera signal at black level for the
complete active scanning time.

Black setup. In Fig. 5-6, notice that the 75 per-
cent blanking level is offset from black peaks of
camera signal. This difference in black ampli-
tudes is called black setup. Standard practice in
broadcasting is to use 5 to 10 percent black
setup to make sure that black picture informa-
tion cannot extend into the sync amplitudes.

Typical video signal voltages. An actual pic-
ture consists of elements having different
amounts of light and shade with a nonuniform
distribution in the horizontal lines and through
the vertical fields. Especially with motion in the
scene, the video signal contains a succession of
continuously changing voltages. Within each
line there are variations in camera signal ampli-
tude for different picture elements. Further-
more, the waveforms of camera signal for the
lines change within the field. The resulting
waveforms are shown by the oscilloscope
photos of typical video signal in Fig. 5-7. This
signal is at the control grid of the picture tube,
with an amplitude of 100 V peak to peak.

5-5 Oscilloscope Wave-
forms of Video
Signal

When you look at oscilloscope patterns, the
camera signal variations are usually hazy as they
change with motion in the scene. However, the
oscilloscope trace locks in for the horizontal
blanking and sync pulses at the steady repetition
rate of 15,750 Hz or for the vertical pulses at 60
Hz. The internal horizontal sweep frequency of



the oscilloscope is preferably set at one-half
these frequencies to show video signal either for
two lines as in Fig. 5-7a or for two fields as in b.
Then each cycle is shown as wide as possible
and with continuity through blanking time.

Line rate. With the oscilloscope sweep at
15,750/2 or 7,875 Hz, you see two lines of video
signal (Fig. 5-7a). Any horizontal motion in the
scene shows as horizontal motion in the signal
variations between the sync pulses.

Field rate. With the oscilloscope sweep at %/,
or 30 Hz, you see two fields of video signal (Fig.
5-7b). Any vertical motion in the scene shows as
motion in the camera signal variations across
the trace between the sync pulses. The lines ex-
tending across the top and bottom of the vertical
sync are caused by the horizontal sync.

You do not see the equalizing pulses in
this pattern because the scope is locked at the
vertical scanning frequency. In order to see the
equalizing pulses and the serrations in the ver-
tical pulses, you must set the scope internal
sweep to 31,500 Hz or a submultiple. Also, the
scope’s horizontal sweep usually must be ex-
panded.

Sync polarity. You can observe the oscillo-
scope patterns of video signal either with posi-
tive sync amplitudes upward or with negative
sync down as in Fig. 5-7. In terms of the picture
tube, negative sync is the correct polarity at the
control grid to cut off beam current for black
level. At the cathode, positive sync polarity is
required, since positive voltage at the cathode
corresponds to negative voltage at the control
grid. With the blanking voltage driving the pic-
ture tube to cutoff for black, then white in the
video signal produces maximum beam current
for the highlights in the picture. In any case,
remember that the white amplitudes are always
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FIGURE 5-8 VIDEQ SIGNAL ON STANDARD IRE SCALE OF
140 WITH 10 UNITS FOR BLACK SETUP.

opposite the sync pulses, away from the blank-
ing level.

IRE amplitude scale. On oscilloscope moni-
tors at the studio, the video signal is checked
with negative sync polarity down, to fit the IRE
scale shown in Fig. 5-8. The /RE stands for Insti-
tute of Radio Engineers, now called the Institute
of Electrical and Electronic Engineers (IEEE). Of
the 140 IRE units, 40 are for sync amplitudes and
10 for black setup. The 140 units correspond to
1-V peak-to-peak video signal to feed 75-(}
coaxial cable between amplifier units.

5-6 Picture Information
and Video Signal
Frequencies

In general, signal variations within any line have
high frequencies because the horizontal scan-
ning is fast. In the vertical direction, the signal
amplitude variations are much lower in
frequency because of the slower speed of ver-
tical scanning. As aresult, the video signal for a
complete picture has high-frequency variations
for the horizontal details and low-frequency
variations for the vertical information.
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Video frequencies associated with horizontal
scanning. Referring to the checkerboard pat-
tern in Fig. 5-9, the square-wave signal shown at
the top represents the camera signal variations
of the composite video signal obtained in scan-
ning one horizontal line. It is desired to find the
frequency of this square wave. The frequency of
the camera signal variations is very important in
determining whether or not the television sys-
tem can transmit and reproduce the corre-
sponding picture information.

In determining the frequency of any signal
variation, the time for one complete cycle must
be known. A cycle includes the time from one
point on the signal waveform to the next suc-
ceeding point which has the same magnitude
and direction. Frequency can then be found as
the reciprocal of the period for a cycle. As an
example, the period of one horizontal scanning
line is 1/15,750 s and the line-scanning
frequency is 15,750 Hz. The camera signal vari-
ations within one horizontal line, however, nec-
essarily have a shorter period and a higher
frequency.

Note that one complete cycle of camera
signal in Fig. 5-9 includes the information in two
adjacent picture elements, one white and the

Black level

“#One cycle

other black. Only after scanning the second
square does the camera signal have the same
magnitude and direction as at the start of the
first square. Therefore, to find the frequency of
the camera signal variations it is necessary to
determine how long it takes to scan across two
adjacent squares. This time is the period for one:
cycle of the resultant camera signal.

Now the period of one complete cycle of
the square-wave camera signal variations in Fig.
5-9 can be calculated. The horizontal line period
is 1/15,750 s, or 63.5 us, including trace and re-
trace. With a horizontal blanking time of 10.2 us,
the time remaining for visible trace equals 53.3
us. This is the time to scan across all the picture
elements in a line. For 12 squares across one
line in 53.3 us, the beam scans two squares in
2/, or'/s0f 53.3 us. Then 53.3/6, or 8.9 us, is the
time to scan two squares.

This time of 8.9 us is the period of one
complete cycle of the square-wave signal. The
reciprocal equal to 1/8.9 us is the frequency,
therefore, which is 0.11 x 10¢ Hz, or 0.11 MHz.
This is the frequency of the square-wave camera
signal variations in Fig. 5-9.

When a typical picture is scanned, the
scattered areas of light and shade do not

Wh_TleIeEaE—I | I | | | | | | | I -— Video signal

l———084H=533us —

variations for
top horizontal line
in pattern

FIGURE 5-9 CHECKERBOARD PATTERN OF 12 BLACK-
AND-WHITE SQUARES WITH CORRESPONDING SIGNAL
VARIATIONS.



produce symmetrical square-wave signal. How-
ever, the differences of light and shade corre-
spond to changes of camera signal amplitude in
the same way. The frequency of the resuitant
camera signal variations always depends on the
time to scan adjacent areas with different light
values. When large objects with a constant
white, gray, or black level are scanned, the cor-
responding camera signal variations have low
frequencies because of the comparatively long
time between changes in level. Smaller areas of
light and shade in the image produce higher
video frequencies. The highest signal frequen-
cies correspond to variations between very small
picture elements in a horizontal line, especially
the vertical edge between a white area and black
area.

Video frequencies associated with vertical
scanning. Atthe opposite extreme, signal vari-
ations which correspond to picture elements
adjacent in the vertical direction have low
frequencies because the vertical scanning is
comparatively slow. Variations between one line
and the next correspond to a frequency of ap-
proximately 10 kHz. Slower changes over larger
distances in vertical scanning produce lower
frequencies. The very low frequency of 30 Hz
corresponds to a variation in light level between
two successive fields.

Video frequencies and picture information.
Figure 5-10 shows how the size of the picture
information can be considered in terms of
video frequencies. The main body of the image
in a is shown separately in b with only the large
areasof white and black. These video frequencies
extend up to 100 kHz. However, the detail with
sharp edges and outlines is filled in by the high
video frequencies from 0.1 to 4 MHz shown in c.
Notice that the canopy of the building is repro-
ducedin b, but its stripes and the small lettering
need the high-frequency reproduction in c.
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5-7 Maximum Number
of Picture Elements

If we consider a checkerboard pattern such as
Fig. 5-9 with many more squares, the maximum
possible number of picture elements can be
caiculated where each square is one element.
The total elements in the area equal the max-
imum details in a line horizontally, multiplied by
the details in a vertical row. However, horizontal
detail and vertical detail must be considered
separately in a television picture because of the
scanning process. For horizontal detail, the
problem is to determine how many elements
correspond to the high-frequency limit of 4-MHz
video signal. The vertical detail is a question of
how many elements can be resolved by the
scanning lines.

Maximum horizontal detail. Proceeding in the
same manner as in the previous section, the
number of elements corresponding to 4 MHz
can be determined to show the maximum
number of picture elements in a horizontal line
and the size of the smallest possible horizontal
detail. The pericd of one complete cycle for a
4-MHz signal variation is 1/(4 x 10% s, or 0.25
us. This is the time required to scan two ad-
jacent picture elements. With two elements
scanned in 0.25 or '/, us, then eight elements are
scannedin 1 us. Finally, 8 x 53.3, or 426, picture
elements can be scanned during the entire ac-
tive line period of 53.3 us. If there were 426
squares in the horizontal direction in the check-
erboard pattern in Fig. 5-9, therefore, the resul-
tant camera signal variations would produce a
4-MHz signal.

Utilization ratio and vertical detail. Each
scanning line can represent at best only one
detail in the vertical direction. However,
a scanning line may represent no vertical
detail at all, by missing a vertical detail com-
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pletely. Also, two lines may straddle one
picture element. The problem in establishing
the useful vertical detail, then, is determining
how many picture elements can be reproduced
along a vertical line by a given number of scan-
ning lines. The ratio of the number of scanning
lines useful in representing the vertical detail to
the total number of visible scanning lines is
called the utilization ratio. Theoretical calcula-
tions and experimental tests show that the
utilization ratio ranges from 0.6 to 0.8 for dif-
ferent images with typical picture content. We
can use 0.7 as an average.

(b)

FIGURE 5-10 EFFECT OF VIDEO FREQUENCIES ON PIC-
TURE REPRODUCTION. (a) NORMAL PICTURE REPRODUC-
TION. (b) ONLY LARGE AREAS IN PICTURE REPRODUCED
BY LOW VIDEO FREQUENCIES UP TO 0.1 MHZ. (c) ONLY
HORIZONTAL EDGES AND OUTLINES REPRODUCED BY
HIGH VIDEO FREQUENCIES BETWEEN 0.1 AND 4 MHZ.

Now the maximum possible number of
vertical elements can be determined. The
number of visible lines equals 525 minus those
scanned during vertical blanking. With a vertical
blanking time of 8 percent, the number of lines
blanked out for the entire frame is 0.06 X 525, or
approximately 42 lines. Some of these lines
occur during vertical retrace, and others are
scanned at the top or bottom of the frame, but all
are blanked out. When we subtract 42 from 525,
then 483 visible lines remain. The number of
lines useful in showing vertical detail is
483 x 0.7, since this is the utilization ratio. Then



there are 338 effective lines. Therefore, the max-
imum number of vertical details that can be
reproduced with 525 total and 483 visible scan-
ning lines is about 338, the exact value depend-
ing upon the utilization ratio.

Total number of picture elements. On the
basis of the previous calculations, the maximum
number of picture elements possible for the en-
tire image is 426 x 338, or about 144,000. This
number is independent of picture size.

Since the total number of picture ele-
ments can be regarded as the figure of merit, it
may be compared with motion-picture repro-
duction. A single frame of 35-mm motion-pic-
ture film has about 500,000 picture elements.
The smaller 16-mm frame contains one-fourth
as many, or about 125,000. The televised repro-
duction, therefore, can have about the same
amount of detail as 16-mm motion pictures.

5-8 Test Patterns

In order to adjust a television system and com-
pare performances, a standard picture is desira-
ble. This picture is usually in the form of a test
pattern. For the EIA pattern in Fig. 5-11, the hor-
izontal and vertical bars form a large square
within the white circle. Each bar is numbered
from 1 to 10 as a gray scale with ten logarithmic
steps between black and maximum white. The
contrast range is approximately 30 to 1. With the
correct aspect ratio, these four bars form a per-
fect square. The wedges at the center should be
of equal length for good linearity of the horizon-
tal and vertical scanning. The bottom wedge is
also marked in the corresponding video-
frequency response for horizontal resolution.
For instance, 300-line resolution in the horizon-
tal direction corresponds to a little under 4-MHz
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video. In addition to the wedges, vertical and
horizontal groups of parallel lines are placed
around the edges of the picture to check scan-
ning linearity. The lines should be equally
spaced. The black bars at the top and bottom of
the white circle are used to check streaking,
which indicates phase distortion for low video
frequencies.

Resolution. The picture detail or resolution is
measured on the test pattern in number of lines.
If the vertical resolution is 300 lines in the
reproduced picture, this means that it is possible
to see 300 individual horizontal lines consisting
of 150 black lines separated by 150 white lines.
For equal resolution in the horizontal direction
and an aspect ratio of 4:3, 300 x ‘/;, or 400, ver-
tical lines can be resolved in the picture. These
include 200 black lines separated by 20C white
lines. However, this is stili considered 300-line
resolution because the resolution is measured in
terms of the picture height when indicating ei-
ther horizontal or vertical detail. The purpose is
to provide a common basis for comparison.

The line divisions in the side wedges
measure vertical resolution. They also indicate
good interlacing when there is little moiré effect
in the diagonal lines. The line divisions in the
top and bottom wedges measure horizontal res-
olution.

More specific test signals are illustrated in
Fig. 5-12. The window signal in a provides max-
imum white and black in large areas with a sharp
transition to check edge distortion, streaking,
and smearing. In b the uniformly spaced black-
and-white bars can be used to check scanning
linearity. The bars may be vertical, or horizontal,
or both may be used in a crosshatch pattern.
The staircase signal in c illustrates uniform
changes in signal amplitude from white, pro-
gressing through gray values in equal steps to
black. This is called a gray scale.




78 BASIC TELEVISION

———
—
—_—
—
—_—
_
P ——
_—
—_—
—_—
[ —————

n

(]

FIGURE 5-11 EIA TEST PATTERN. (ELECTRONIC INDUSTRIES ASSOCIATION)

EIA RESOLUTION

5-9 DC Component of
the Video Signal

In addition to continuous amplitude variations
for individual picture elements, the video signal
must have an average value corresponding to
the average brightness in the scene. Otherwise
the receiver cannot follow changes in bright-
ness. As an example of the importance of
brightness level, the ac camera signal for a gray
picture element on a black background will be
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the same as signal for white on a gray back-
ground, if there is no average-brightness infor-
mation to indicate the change in background.
The average level of a signal is the arith-
metic mean of all the instantaneous values
measured from the zero axis. In Fig. 5-13a the
average level is higher than in b because the
camera signal variations have higher ampli-
tudes. Now itis important to remember that for
any signal variation, its average value for a
complete cycle is its dc component. Therefore,
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T L

(b) (c)

FIGURE 5-12 PATTERNS FOR TEST PURPOSES, WITH CORRESPONDING VIDEO SIGNAL
FOR ONE HORIZONTAL LINE. (a) WINDOW SIGNAL. (b) BAR PATTERN. (c) STAIRCASE SIG-

NAL

the dc componentin a is closer to the black level
than in b. Although illustrated here for one
scanning line, for convenience, the required dc
component of the video signal is its average
value for complete frames, since the back-
ground information of the frame indicates the
brightness of the scene.

When the average value or dc component
of the video signal is close to the black level, as
in Fig. 5-13a, the average brightness is dark.

(V] )]
© ©
= =
a a
¢ £
=S T Average level
dc component
0 1 0

Time

(a) (b)

3 Average level
dc component

The same ac signal variations in b have a lighter
background because the dc axis is farther from
the black level.

The method of using the black level for
reference voltage can be followed by starting
with the camera signal. The camera output volt-
age is amplified in several stages before being
coupled to a control amplifier, where sync and
blanking are added. At this point the camera
signal has no dc component, since the dc level is

FIGURE 5-13 VIDEO SIGNALS WiTH
SAME AC VARIATIONS BUT DIF-
FERENT AVERAGE-BRIGHTNESS VAL-
UES. ONLY ONE LINE OF FRAME IL-
LUSTRATED. (a) DARK SCENE WITH
AVERAGE VALUE CLOSE TO BLACK
LEVEL. (b) LIGHT SCENE WITH

e AVERAGE VALUE FARTHER FROM

BLACK LEVEL
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(a)

(b)

(c)

Clipped pedestal level

(d)

FIGURE 5-14 FORMATION OF PEDESTALS BY CLIPPING
TOP OF BLANKING PULSES. (a) BLANKING PULSES ALONE.
(b) CAMERA SIGNAL WITHOUT BLANKING. (c) BLANKING
PULSES ADDED TO CAMERA SIGNAL. (d) PULSES CLIPPED
TO PROVIDE PEDESTAL LEVEL FOR SYNC PULSES.

blocked by capacitive coupling in either the
camera tube or the amplifier stages.

To produce composite video signal, the
sync pulses are superimposed on the blanking
pulses. Before sync is added, though, the tops
of blanking pulses are cut off by a clipper stage
in the control amplifier (see Fig. 5-14). The
level at which the pulses are clipped becomes
the blanking level.

Visual response
Beam current

Brightness ——

(a)

Grid voltage —
(b)

OQutput voltage

Input voltage —

(c)

Note that clipping lower on the blanking
pulses makes the brightness darker. For the op-
posite case, a higher clipping level means the
signal will have a lighter background.

5-10 Gamma and
Contrast in the Picture

Gamma is a numerical factor used in television
and film reproduction for indicating how light
values are expanded or compressed. Referring
to Fig. 5-15, the exponent of the equations for
the curves shown is called gamma (y). The
numerical value of gamma is equal to the slope
of the straight-line part of the curve where it
rises most sharply. A curve with a gamma of less
than 1 is bowed downward as in a, with the grea-
test slope at the start and the relatively flat part
at the end. When the gamma is more than 1, the
curve is bowed upward as in b, making the start
comparatively flat while the sharp slope is at the
end. With a gamma of 1 the result is a straight
line as in ¢, where the slope is constant.

A gamma value of 1 means a linear char-
acteristic that does not exaggerate any light val-
ues. When gamma is greater than 1 for the white
parts of the image, the reproduced picture looks
“‘contrasty’’ because the increases in white level
are expanded by the sharp slope, to emphasize
the white parts of the picture. Commercial mo-
tion pictures shown in a darkened theater have
this high-contrast appearance. Gamma values

FIGURE 5-15 GAMMA CHARACTER-
ISTICS. (a) VISUAL RESPONSE OF THE
EYE; GAMMA LESS THAN 1. (b) CON-
TROL-GRID CHARACTERISTIC OF PIC-
TURE TUBE; GAMMA EQUALS 25. (¢)
LINEAR CHARACTERISTIC OF AN AM-
PLIFIER; GAMMA EQUALS 1.



of less than 1 for the white parts of the image
compress the changes in white levels to make
the picture appear softer, with the gradations in
gray level more evident.

Any component in the television system
can be assigned a value of gamma to describe
the shape of its response curve and contrast
characteristics. As a typical example, picture
tubes have the control-characteristic curve illus-
trated in b of Fig. 5-15. The video signal voltage
is always impressed on the control grid of the
picture tube with the polarity required to make
the signal variations for the white parts of the
picture fall on that part of the response curve
with the steep slope. As a result, a variation in
video signal amplitude at the white level pro-
duces a greater change in beam current and
screen brightness than it would at a darker level.
Therefore, picture tubes emphasize the white
parts of the picture, with typical gamma values
of 2.5 to 3.5. Commercial film also has a gamma
greater than 1, an average value being 1.5. In
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general, monochrome pictures are reproduced
with high gamma to make up for the loss of color
contrasts.

Amplifiers have a gamma characteristic
that is very nearly unity, using linear operation
(see Fig. 5-15c¢). The straight-line response
shows that output signal voltage is proportional
to input voltage without emphasizing any signal
level. If desired, however, an amplifier can be
made to operate over the curved portion of its
transfer-characteristic curve by shifting the
operating bias. The nonlinear amplifier can be
used as a gamma-control stage, to compensate
for the camera tube and picture tube.

5-11 Color Information
in the Video Signal

For color television, the composite video in-
cludes the 3.58-MHz chrominance signal. As a
comparison, Fig. 5-16 shows video signal with
and without color. The polarity is shown with

White
Gray
Black
Yellow
Green

Dark blue

Luminance
levels

H sync

(a) (b)

Hsync 358 MHz

3.58 MHz
C signal

FIGURE 5-16 VIDEO SIGNAL. WITH
AND WITHOUT COLOR INFORMATION.
(a) MONOCHROME SIGNAL ALONE. (b)
COMBINED WITH 3.58-MHZ CHROMI-
NANCE SIGNAL.

color sync
burst




82 BASIC TELEVISION

sync and black down while white is upward. The
relative amplitudes in a drop from white for the
first bar at the left, to gray level, and then close
to black level. These levels correspond to the
relative brightness or luminance values for the
monochrome information. In b, the video signal
has the 3.58-MHz chrominance signal added for
the color information in the yellow, green, and
blue bars. The specific colorsin the C signal are
not evident because the relative phase angles
and amplitudes are not shown. The main point
here is that the difference between monochrome
and color television is the 3.58-MHz chromi-
nance signal for color. More details of the
3.58-MHz C signal are explained in Chap. 8 on
Color Television.

It is important to note that the luminance
levels in Fig. 5-16a are shown the same as the
average levels for the signal variations in b. This
factor means that without the C signal the color
bars in b would be reproduced in monochrome
as the white and gray bars in a.

Note also that the color signal in Fig.
5-16b has on the back porch of horizontal sync a
color sync burst. This burst consists of 8 to 11
cycles of the 3.58-MHz color subcarrier. Its pur-
pose is to synchronize the 3.58-MHz color os-
cillator in the receiver. The burst and C signal
are both 3.58 MHz, but the burst has no picture
information, as it is present only during blanking
time.

5-12 Vertical Interval
Test Signals (VITS)

The vertical blanking interval represents a valu-
able period of time, of relatively long duration,
that can be used for test signals. The purpose of
the test signals is to provide reference values of
color and luminance for broadcast stations, or
different programs from the same station. In ad-
dition, video test frequencies are transmitted to
check bandwidth. The test signals include:

1. Multiburst at the frequencies of 0.5, 1.25, 2.0,
3.0, 3.58, and 4.2 MHz (see Fig. 5-17).

2. Vertical interval reference signal (VIRS) for
checking chrominance and luminance (Fig.
5-18). The phase of the test chrominance
signal is the same as burst phase.

The multiburst test signal of Fig. 5-17 is
inserted on line 18 of odd fields. Line 18 of even
fields has a color-bar test signal. The VIR signal
of Fig. 5-18 is inserted on line 20 of every field.
Line 1 in odd fields is counted from the first to
the third equalizing pulse. Remember these
pulses occur at one-half the horizontal line rate.
In even fields, line 1 starts from the second
equalizing pulse.

On the screen of the picture tube, the ver-
tical sync and VITS appear as in Fig. 5-19. You
can see this vertical blanking bar by rolling the
picture out of synchronization with the hold

2.0 MHz 3.0 MHz
1.25 MHz “ |7 3.58 MHz

mrwEE

40 » o
= Wﬁliu@|
-

-20

FIGURE 5-17 MULTIBURST TEST SIGNAL TRANSMITTED
DURING LINE 18 OF VERTICAL BLANKING IN ODD FIELDS.
(TEKTRONIX INC.)



3.58 MHz chrominance
signal

————100%

FIGURE 5-18 VERTICAL INTERVAL REFERENCE (VIR) SIG-
NAL TRANSMITTED DURING LINE 20 OF VERTICAL BLANK-
ING IN BOTH FIELDS. (TEKTRONIX INC.)
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control and turning up the brightness. The
black hammerhead pattern is formed by the
equalizing pulses just before and after vertical
sync.

Time and channel-number encoding. A sys-
tem has been proposed to use line 21 of the ver-
tical blanking interval for encoding additional
information. The code would include the exact
time from the National Bureau of Standards, a
precise 1-MHz reference signal, 64 characters of
text, and a signal identifying the channel
number. The text is intended for deaf viewers,
emergency codes, and network com-
munications. The channel identification can be
used to reproduce the channel number for a
short time on the screen of the picture tube, as
shown in Fig. 5-20.

Equalizing
pulses

V sync Serrations
' [

Multit;urst
FIGURE 5-19 VERTICAL INTERVAL TEST SIGNALS AND HAMMERHEAD PATTERN IN VER-
TICAL BLANKING BAR. YOU CAN ROLL PICTURE OUT OF V SYNC TO SEE THIS.

(hammerhead) Vsync
! !

v
blanking
bar
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FIGURE 5-20 CHANNEL NUMBER 16, WITH EXACT TIME,
REPRODUCED ON SCREEN OF PICTURE TUBE FROM EN-
CODED INFORMATION IN LINE 21 OF THE VERTICAL
BLANKING INTERVAL. (HEATH COMPANY)

SUMMARY

1. The composite video signal includes camera signal with picture information,
synchronizing pulses to time scanning, and blanking pulses.

2. The signal is transmitted with 25 percent amplitude for sync, and the remaining
75 percent for camera signal. Specifically, the peak amplitude is tip of sync; 75
percent level is blanking level; maximum white is 12.5 = 2.5 percent amplitude.
Black setup is usually 7 percent from the blanking level.

3. Horizontal blanking pulses at 15,750 Hz blank out retrace for every line by raising
the signal to the 75 percent blanking level. Average pulse width for horizontal
blanking is 0.16H, or 10 us. The width for the horizontal sync pulses is approxi-
mately 5 us.

4. Vertical blanking pulses at 60 Hz blank vertical retrace for every field by raising
the signal to the 75 percent blanking level. Much longer than horizontal blank-
ing time, a typical value is 0.08V for vertical blanking. This equalsthe time for 21
lines blanked in every field.

5. The camera signal variations in the video signal correspond to the picture infor-
mationin theimage. Amplitude changesbetween the 12.5and 68 percentlevelsin-
dicate variations in light level between white and black, with 7 percent black setup.

6. The high video frequencies in the camera signal correspond to horizontal detail.
Approximately 4.2 MHz is the highest video frequency that can be broadcast in
the 6-MHz transmission channel.
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7. The average utilization ratio of 0.7 means 70 percent of the visible scanning lines
are useful in showing details in the vertical direction.

8. A test pattern usually includes black, white, and gray lines and areas to check
picture reproduction. Vertical wedges indicate horizontal resolution as the
beam scans across individual line divisions. The ability to resolve divisions in the
side wedges indicates vertical resolution. The side wedges also show poor in-
terlacing by moiré effect in the diagonal lines. In addition, equal lengths for the
horizontal wedges show linear horizontal scanning, equal lengths for the vertical
wedges show linear vertical scanning.

9. The dc component of any signal is its average-value axis.

10. Gamma is a numerical factor indicating how contrast is expanded or com-
pressed. Picture tubes have a characteristic curve with gamma more than 1,
which emphasizes white signal voltages.

11. For color television, the composite video includes the 3.58-MHz chrominance
signal, as shown in Fig. 5-16.

12. VITS indicates the vertical interval test signals transmitted during vertical blank-
ing time. VIRS indicates the vertical interval reference signal. (See Figs. 5-17 and
5-18.)

Self-Examination (Answers at back of book)

Answer true or false.

1. The three components of composite video signal are camera signal, blanking
pulses, and sync pulses.

2. Sync pulses transmitted during vertical blanking time include equalizing pulses,
the serrated vertical sync pulse, and horizontal sync pulses.

3. During the front-porch time before a horizontal sync pulse the scanning beam is
at the left edge of the raster.

4. The 10 percent amplitude in composite video signal corresponds to maximum
white picture information.

5. The video signal is at the 75 percent black level during horizontal blanking but
not during vertical blanking.

6. The visible trace time for one horizontal line is approximately 10 us.

7. Whenthe vertical blanking pulse starts, the scanning beam position is at the top of

the raster.

8. Theequalizing pulses and serrations in the vertical sync pulse are spaced at half-
line intervals.

9. The horizontal blanking pulses can produce vertical black bars at the sides of the
raster.

10. The vertical sync pulse for one field starts a half line away from its timing in the
previous field.
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Camera signal variations between successive horizontal blanking pulses corre-
spond to information from left to right in the picture.

The picture has the left half white and the right half black. The corresponding
signal frequency in scanning across one line is approximately 19 kHz.

The picture has the top half white and the bottom half black. The corre-
sponding signal frequency in scanning vertically through one frame then must
be slightly more than 200 Hz.

The high video frequencies correspond to horizontal detail in the picture.
Ability to resolve individual lines in the top and bottom wedges of the test pattern
indicates horizontal resolution.

Ability to resolve individual lines in the side wedges of the test pattern indicates
vertical resolution.

Picture tubes have a gamma value greater than 1, emphasizing white to increase
contrast in the reproduced picture.

Average brightness of the reproduced picture depends on the dc bias of the pic-
ture tube.

The chrominance signal and sync burst shown in Fig. 5-16b have the same
frequency of 3.58 MHz.

The VIR test signal in Fig. 5-18 is transmitted during horizontal blanking time.

Essay Questions

1.

Show the picture and draw the composite video signal of two consecutive lines in
scanning across the following patterns: (a) all-white frame; (b) two vertical white
bars and two black bars equally spaced; (c) 10 pairs of vertical bars. Why does
this signal have a higher frequency than in b?

Why are the synchronizing pulses inserted during blanking time?

What is the function of the horizontal blanking pulses? The vertical blanking
pulses?

Why are the horizontal blanking pulses wider than the horizontal sync pulses?
Trace the motion of the scanning beam from the beginning to end of vertical
blanking.

Define: whitelevel, black setup,gamma, utilization ratio, resolution, crosshatch pat-
tern, and staircase signal.

Why do thin vertical lines produce higher video signal frequencies than wide ver-
tical bars?
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Problems (Answers to selected problems at back of book)

1. Inthe checkerboard pattern of Fig. 5-9, if there are 300 squares in a line, what is
the frequency of the corresponding signal variations? Use 53.3 us for visible trace
time.

2. With a utilization ratio of 0.7, what would be the max:mum vertical detail for a ver-
tical blanking time of 0.08V?

3. Assume a facsimile reproduction with specifications of 200 lines per frame,
progressive scanning, and 5 frames per second. Calculate the following: (a) time
to scan one line, including trace and retrace; (b) visible trace time for one line with
4 percent blanking; (c) video frequency corresponding to 100 total black-and-
white elements in a line.

4. Calculate the frequency of video signal produced in horizontal scanning of the
window signal in Fig. 5-12. Assume 53.3 us visible trace time.

5. Referring to the Table of Television Standards for foreign countries in Appendix
C, calculate the time to scan one line, including trace and retrace for the systems
in: (a) United States; (b) England; (c) Western Europe; (d) France.

6. Show the pictures corresponding to the video signals in Fig. 5-21. Assume that all
the lines of video signal are the same as the one shown.

J NG _J \ J
75% ﬂ
10%
(c) (d)

(a) (b)
FIGURE 5-21 FOR PROBLEM 6.



Picture
Carrier Signal

The method of transmitting the amplitude-modulated (AM) picture signal is similar to
the more familiar system of AM radio broadcasting. In both cases, the amplitude of an
rf carrier wave is made to vary with the modulating voltage. Modulation is necessary
so that each broadcast station can have its own rf carrier frequency. Then the rf sec-
tion of the receiver can be tuned to different stations. In television broadcasting, the
composite video signal modulates a higher-frequency carrier wave to produce the AM
picture signal* illustrated in Fig. 6-1. The amplitudes in the transmitted carrier wave
vary with the video modulating signal. More details of the AM picture signal are
explained in the following topics:

6-1 Negative transmission

6-2 Vestigial-sideband transmission
6-3 Television broadcast channels
6-4 The standard channel

6-5 Line-of-sight transmission

*The term “‘picture signal’’ is used here for the modulated rf carrier wave, while "video™ repre-
sents the signal that can be used directly to reproduce the desired visual information when
applied to a picture tube, corresponding to “audio” in a sound system.
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6-1 Negative
Transmission

The transmitted picture carrier signal in Fig. 6-1
is shown with the negative polarity of modula-
tion that is an FCC standard. Negative transmis-
sion means that changes toward white in the
picture decrease the amplitude of the AM pic-
ture carrier signal.

In Fig. 6-1 the tips of sync voltage produce
the peaks of rf amplitude in the AM carrier wave.
This peak carrier amplitude is its 100 percent
level. The blanking level in the composite video
signal is transmitted at a constant level of 75
percent of peak carrier amplitude. Smaller
amplitudes in the modulated rf carrier corre-
spond to picture information that varies be-
tween black and maximum white. The whitest
parts of the picture produce a carrier amplitude
10 to 15 percent of the peak value. All these
relative amplitudes are the same for the top or
bottom of the envelope because the modulated
rt carrier wave has a symmetrical envelope of
amplitude variations.

The negative transmission refers to the
polarity of video modulating voltage, not individ-
ual cycles of the rf carrier, both being positive
and negative. The result of white video sig-
nal amplitudes having negative polarity at the
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Horizontal
sync pulse

Blankmg
level

-«— rf carrier

FIGURE 6-1 TRANSMITTED PICTURE
CARRIER WAVE, AMPLITUDE-MODULA-
TED BY COMPOSITE VIDEO SIGNAL.

grid of the modulator is negative polarity of
modulation. Then the carrier amplitude de-
creases for white video modulating voltage. If
the video modulating signal had opposite po-
larity, the transmitted carrier would have posi-
tive polarity of transmission.

An advantage of negative transmission is
that noise pulses in the transmitted rf signal
increase the carrier amplitude toward biack,
which makes noise less obvious in the picture.
Also, the transmitter uses less power with lower
carrier amplitudes for pictures that are mostly
white.

6-2 Vestigial-Sideband
Transmission

The AM picture signal is not transmitted as a
normal double-sideband signal. Instead, some
of the sideband frequencies are filtered out
before transmission in order to reduce the
bandwidth of the channel needed for the modu-
lated picture signal. To see how this vestigial-
sideband transmission is accomplished, we can
consider first the idea of how amplitude modula-
tion produces sideband frequencies.

Amplitude modulation. In Fig. 6-2 an rf carrier
wave is amplitude-modulated by a sine-wave
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Modulated rf power
amplifier stage

= Y100 To
T kHz antenna
Unmodulated [ 1
rf input — : |
100 kHz =
From audio Modulation
modulator transformer
stage
B +
600V

FIGURE 6-2 PLATE-MODULATION CIRCUIT. THE 100-kHz
MODULATED BY THE 5,000-Hz AUDIO VOLTAGE.

audio signal in a plate-modulation arrangement.
For simplicity the rf carrier frequency is taken as
100 kHz and the audio as 5,000 Hz. The B+ volt-
age for the rf power amplifier is assumed to be
600 V, and the peak value of the audio sine-wave
modulating voltage is also 600 V, allowing 100
percent modulation.

Note that the audio voltage across the
secondary of the modulation transformer is in
series with the B+ supply and the rf amplifier

Audio envelope

100 kHz

Audio modulating voltage 5,000 Hz

RF CARRIER IS AMPLITUDE-

plate circuit. Therefore, the audio modulating
voltage varies the plate voltage of the rf amplifier
at the audio rate (see Table 6-1).

The varying amplitudes of the rf carrier
wave provide an envelope that corresponds to
the audio modulating voltage. Both the positive
and negative peaks of the rf carrier wave are
symmetrical above and below the center axis
and have exactly the same amplitude variations.
The envelope is symmetrical because the

TABLE 6-1 MODULATION VALUES FOR FIG. 6-2
AUDIO B+ RF AMPLIFIER MODULATED RF
VOLTAGE VOLTAGE PLATE VOLTAGE SIGNAL AMPLITUDE
0 600 600 Carrier level
+600 600 1,200 Double carrier level
0 600 600 Carrier level
—600 600 0 Zero
0 600 600 Carrier level




changes in amplitude of the negative and posi-
tive half cycles of the rf signal are equal, as the
carrier amplitude is varied at the audio rate,
which is much slower than the rf variations. Any
point on the audio waveform includes many
cycles of the rf carrier. The result of the modula-
tion in this case, is to produce an rf carrier wave
at a frequency of 100 kHz with an amplitude that
varies at the audio rate of 5,000 Hz. Either the
top or bottom envelope of the amplitude-
modulated carrier wave corresponds to the
5,000-Hz audio modulating signal.

Side-carrier frequencies. Referring now to
Fig. 6-3, the AM wave is shown to be equal to the
sum of the unmodulated rf carrier and two side-
carrier frequencies. Notice that the carrier and
its equivalent side frequencies all have a con-
stant level. Also, the amplitude of the side
carriers equals one-half the unmodulated carrier
level, for 100 percent modulation. Each side
frequency differs from the carrier by the audio
modulating frequency. The upper side fre-
quency is 105 kHz, and the lower side fre-
quency 95 kHz in this illustration.

1 Audio cycle
1/5,000s
rf upper side A
105 kHz

rf unmodulated
carrier—
100 kHz

rf lower side
95 kHz
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The question as to whether the transmit-
ted signal is a carrier with varying amplitudes or
a constant-amplitude carrier with its two side
carriers is without meaning, because the two
concepts are the same. The constant-level side
carriers plus the unmodulated carrier wave are
equal to the AM carrier signal. Or, the AM carrier
wave is equal to the unmodulated carrier plus
two side carriers of proper amplitude, phase,
and frequency. The equivalence of the two sig-
nails is due to the fact that the modulated rf
carrier wave is distorted slightly from true sine-
wave form by the audio amplitude variations,
producing new frequency components, which
are the side frequencies.

The envelope is not a side frequency. The rf
side-carrier frequencies should not be confused
with the audio envelope. The envelope is an
audio frequency. The side carriers are radio
frequencies close to the carrier frequency. For
the case here, the envelope is the audio modu-
lating signal of 5,000 Hz, while the rt side
frequencies are 105 and 95 kHz. If the audio
modulating frequency is 1,000 Hz. the rf side

1 Audio cycle
1/5,000s

Amplitude

modulated
carrier 100 kHz—
100% modutation

FIGURE 6-3 EQUIVALENCE OF AM WAVE TO THE CARRIER PLUS TWO RF SIDE CARRIERS

PRODUCED BY MODULATION.
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frequencies will be 101 and 99 kHz. Then the
modulated carrier will have an audio envelope of
1,000 Hz.

Side bands. When the carrier is modulated by
a voltage that includes many frequency compo-
nents, each audio modulating frequency pro-
duces a pair of rf side frequencies. In each pair,
one side frequency is higher than the carrier
frequency and one is lower. All the higher side
frequencies can be considered as the upper side
band of the carrier with all the lower side
frequencies the lower side band. This idea is
illustrated in Fig. 6-4 for the case of modulation
with a continuous band of audio frequencies
from 0 to 5,000 Hz. The graph here indicates the
corresponding side frequencies for a 100-kHz
carrier. The upper side band includes all side
frequencies from the carrier frequency of 100 up
to 105 kHz; the lower side band includes the side
frequencies down to 95 kHz. The bandwidth
required for the two side bands in this case is =5
kHz centered around the carrier frequency of
100 kHz, or a total bandwidth of 10 kHz. Note
that the required bandwidth for the AM carrier
with two side bands is double the highest
modulating frequency.

The fact that different audio modulating
frequencies produce different side frequencies
in AM should not make it be confused with
frequency modulation. In FM the rf carrier
frequency varies in accordance with the amount
of audio modulating voltage, but in AM the side
frequencies depend on the audio modulating
frequency.

The baseband. This is the band of modulating
frequencies for either AM or FM. In this example
of audio modulating frequencies up to 5,000 Hz,
the baseband is 0 to 5 kHz. In television broad-
casting the baseband is 50 to 15,000 Hz for the
FM sound signal and 0 to 4 MHz, approximately,
tor the AM picture signal.

Lower Upper
side band side band
——

95 kHz 100 kHz
carrier

frequency
FIGURE 6-4 DOUBLE SIDE BANDS RESULTING FROM AM-

PLITUDE MODULATION OF 100-kHz CARRIER WITH ALL
MODULATING FREQUENCIES UP TO 5 kHz.

105 kHz

Vestigial side bands. Note that the informa-
tion of the modulating signal is in the side bands
of the amplitude-modulated rf carrier. Fre-
quency of the modulation is indicated by how
much the side frequencies differ from the carrier
frequency; modulating volitage is indicated by
the amplitude of the two side carriers. For the
case of 100 percent modulation, each side
carrier has one-half the unmodulated carrier
amplitude. Furthermore, the upper and lower
side frequencies have the same information,
since they are of equal amplitude and each
differs from the carrier frequency by the same
amount. The desired modulating signal can be
transmitted by one side band, therefore, and it
does not matter whether the upper or lower side
band is used. With only one side band, the
transmitted signal has the advantage of only
one-half the bandwidth of two side bands. The
amplitude modulation normally produces dou-
ble side bands, but one side band can be filtered
out if desired.

Figure 6-5 illustrates just one side
frequency transmitted with the carrier. Notice
that the resuitant modulated wave has amplitude
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variations for only 50 percent modulation, in-
stead of the 100 percent modulation produced
with both side bands. In Fig. 6-5, the modulated
wave varies in amplitude 50 percent above and
below the unmodulated carrier amplitude, but
with 100 percent modulation the peak carrier
amplitude doubles the unmodulated level and
decreases to zero. Therefore, a signal transmit-
ted with one side band has effectively one-half
the percent modulation, compared with double-
sideband transmission. The same reduction fac-
tor of '/, applies when the varying modulating
voltage produces different amounts of modula-
tion less than 100 percent.

Except for the amount of amplitude
swing, the envelope of the carrier plus one side
band can be considered essentially the same as
with double-sideband transmission, although
there is slight distortion for high percentages of
modulation. Notice that the envelope in Fig. 6-5
still corresponds to the audio modulating volt-
age. Furthermore, the envelope is not cut off at
the top or bottom of the AM wave. Remember
that one rf side frequency is filtered out, but not
the audio envelope. In order to remove one part
of the envelope it would be necessary to rectify
the modulated carrier signal.

The method just described can be consid-
ered single-sideband transmission with the
carrier. In many applications of single-sideband
transmission, however, the carrier itself is not
transmitted in order to save power by suppress-
ing the carrier. Then only one side band is trans-
mitted. In this situation, the carrier must be rein-
serted at the receiver to detect the signal.
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Amplitude
modulated
carrier of 100 kHz
50% modulation

FIGURE 6-5 EQUIVALENCE OF
CARRIER AND ONE SIDE CARRIER
TO AM WAVE.

A compromise between double-sideband
transmission and the single-sideband method is
used for broadcasting the AM picture carner sig-
nal. In this system, called vestigial-sideband
transmission, all of one side band is transmitted
but only a part, or vestige, of the other side band.
The picture carrier itself is transmitted. More
specifically, all the upper side band of the AM
picture signal is transmitted, to include all video
modulating frequencies up to 4 MHz. The lower
side band, however, includes only video modu-
lating frequencies up to 0.75 MHz approxi-
mately, to conserve bandwidth in the broadcast
channel. The vestigial-sideband transmission
used in television is designated by the FCC as
emission type A5C.

6-3 Television
Broadcast
Channels

Each television broadcast station is assigned a
6-MHz channel for transmission of the AM pic-
ture signal and the FM sound signal. Vestigial-
sideband transmission is used for the picture
signal, so that video modulation frequencies up
to 4 MHz can be broadcast in the 6-MHz chan-
nel.

Assigned channels. Since the picture carrier
frequency must be much higher than the highest
video modulating frequency of 4 MHz, the televi-
sion channels are assigned in the VHF band of
30 to 300 MHz and the UHF band of 300 to 3,000
MHz. Table 6-2 lists the channels and frequen-
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TABLE 6-2 TELEVISION CHANNEL ALLOCATIONS

CHANNEL FREQUENCY BAND, CHANNEL FREQUENCY BAND,
NUMBER MHz NUMBER MHz

1° — 42 638644
2 54-60 43 644-650
3 60-66 44 650-656
4 66-72 45 656662
5 76-82 46 662-668
6 82-88 47 668674
7 174-180 48 674-680
8 180-186 ) A
9 186-192 S0 686-692
10 192-198 51 PR
11 198-204 52 698-704
12 204-210 53 704-710
13 210-216 e RS
55 716-722

14 470-476 56 722-728
15 476-482 57 728-734
16 482-488 58 734-740
17 488-494 59 740-746
18 494-500 60 746-752
19 500-506 61 752-758
20 506-512 62 758-764
21 512-518 63 764-770
22 518-524 64 770-776
23 524-530 65 776-782
24 530-536 66 782-788
25 536-542 67 788-794
26 542-548 68 794-800
27 548-554 69 800-806
28 554-560 70t 806-812
29 560-566 71 812-818
30 566-572 72 818-824
31 572-578 73 824-830
32 578-584 74 830-836
33 584-590 75 836-842
34 590-596 76 842-848
35 596-602 77 848-854
36 602-608 78 854-860
37 608-614 79 860-866
38 614-620 80 866-872
39 620626 81 872-878
40 626632 82 878-884
41 632-638 83 884-890

*The 44- to 50-MHz band was television channel 1 but is now assigned to other services.

tChannels 70 to 83 are also allocated for land mobile radio services. For television, these UHF channels are used
mainly by translator stations (see Sec. 6-5).



cies assigned by the FCC for commercial televi-
sion broadcast stations in the United States.
The television channel frequencies can be con-
sidered in three groups: the five low-band chan-
nels 2 to 6 in the VHF range, seven high-band
channels 7 to 13 also in the VHF range, and the
70 UHF channels 14 to 83. Frequencies between
these television broadcasting bands are used by
other radio services.

The number of channels available for tele-
vision broadcast stations in any one locality
depends upon its population, varying from one
channel in a smaller city to twelve stations for
New York City, including VHF and UHF chan-
nels. Most cities have at least one channel
reserved for a noncommercial educational tele-
vision broadcast station.

One channel can be used by many broad-
cast stations, but they must be far enough apart
to minimize interference between them. Such
stations using the same channel are cochannel
stations. They must be separated by 170 to 220
mi for VHF channels or 155 to 205 mi for UHF
channels. Stations that use channels adjacent
in frequency, like channels 3 and 4, are ad-
jacent-channel stations. To minimize interfer-
ence between them, adjacent-channel stations
are separated by 60 mi for VHF channels or 55 mi
for UHF channels. However, channels consecu-
tive in number but not adjacent in frequencies,
such as channels 4 and 5, channels 6 and 7, or
channels 13 and 14, can be assigned in one area.

6-4 The Standard
Channel

The structure of a standard television channel is
illustrated in Fig. 6-6a. The width of the channel
is 6 MHz, including the picture and sound carri-
ers with their sideband frequencies. The picture
carrier is spaced 1.25 MHz from the lower edge
of the channel, and the sound carrier is 0.25 MHz

PICTURE CARRIER SIGNAL 95

below the upper edge of the channel. As a
result, there is always a fixed spacing of 4.5 MHz
between the picture and sound carrier frequen-
cies. The specific picture and sound carrier
frequencies for all television broadcast channels
are listed in Appendix A.
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FIGURE 6-6 THE STANDARD TELEVISION BROADCAST
CHANNEL. P 1S PICTURE CARRIER, S IS SOUND CARRIER,
AND C IS COLOR SUBCARRIER. (a) FREQUENCY SEPARA-
TIONS FOR ANY CHANNEL. (b) SPECIFIC FREQUENCIES FOR
CHANNEL 3, 60 TO 66 MHz.
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The standard channel characteristics
shown in Fig. 6-6 should not be interpreted as an
illustration of the picture signal. The graph
merely defines the signal frequencies that can
be transmitted in the television channel, with
their relative amplitudes. The picture carrier is
shown with twice the amplitude of the sideband
frequencies, which are their relative amplitudes
for 100 percent modulation.

Since the sound signal is frequency-
modulated, its sideband frequencies do not have
the same type of amplitude characteristic as in
the picture signal, and these are not shown. The
sound carrier signal is a conventional FM signal,
with a bandwidth of approximately 50 kHz for a
frequency swing of +25kHz with 100 percent
modulation.

In the picture signal, all upper sideband
frequencies up to approximately 4-MHz video
modulation are transmitted with their normal
amplitude. The color subcarrier at 3.58 MHz can
be considered as just another high video-
frequency signal that modulates the picture
carrier with the desired color information. For
monochrome information, the high video
frequencies represent only edge details. For a
color program, however, 3.58 MHz represents
the color signal needed for all the color informa-
tion.

The lower side-carrier frequencies that
differ from the picture carrier by more than 0.75
MHz but less than 1.25 MHz are gradually at-
tenuated. Lower side-carrier frequencies below
the picture carrier by 1.25 MHz or more are out-
side the channel. These frequencies must be
completely filtered out at the transmitter so that
they will not be radiated to interfere with the
lower adjacent channel. Note that upper side-
carrier frequencies more than 4 MHz above the
picture carrier frequency are also attenuated to
eliminate interference with the associated
sound signal.

Examples of rf channel frequencies. Numer-
ical values for channel 3 as a typical television
channel are shown in Fig. 6-6b. The channel
has a bandwidth of 6 MHz, from 60 to 66 MHz.
The picture carrier is 1.25 MHz above the lower
edge of the channel, which is 61.25 MHz for this
channel. The sound carrier at 65.75 MHz is
4.5MHz above the picture carrier frequency.

With vestigial-sideband transmission, all
the upper sideband frequencies up to 65.25 MHz
are transmitted. However, only that part of the
lower sideband frequencies down to 60.5 MHz,
approximately, is transmitted without attenua-
tion. As an example, when the video modulat-
ing voltage has a frequency of 0.75 MHz, both
the upper and lower side frequencies of 62 and
60.5 MHz are transmitted. For this case, the
picture carrier is a normal double-sideband sig-
nal. The same is true for any video modulating
signal having a frequency less than 0.75 MHz.

However, for components of video modu-
lating signal with a frequency higher than 0.75
MHz, only the upper side carrier is transmitted
with normal amplitude. For 2-MHz video modu-
lation, as an example, the upper side frequency
of 63.25 MHz is in the channel. The lower side
frequency is 59.25 MHz, which is outside chan-
nel 3 and must be filtered out at the transmitter.
In this case, then, only the upper side frequency
is transmitted with the picture carrier, resulting
in single-sideband transmission. The result is a
vestigial-sideband transmission system because
double-sideband transmission is used for video
modulating frequencies lower than 0.75 MHz,
but single-sideband transmission is used for
higher video modulating frequencies up to 4
MHz, approximately.

The color video signal of 3.58 MHz is at
64.83 MHz as an upper side frequency of the
modulated picture carrier in channel 3. This
frequency is calculated as 61.25 + 3.58 = 64.83
MHz. If the receiver does not pass 64.83 MHz in



the antenna and rf circuits for channel 3, there
will be no color.

Advantage of vestigial-sideband transmis-
sion. This advantage can be seen from the fact
that the picture carrier is 1.25 MHz from the end
of the channél "allowing video modulating
frequencies up to 4 MHz to be transmitted in the
6-MHz channel. A video-frequency limit of
about 2.5 MHz would be necessary if double-
sideband transmission were used with the pic-
ture carrier at the center of the channel. This
would represent a serious loss in horizontal de-
tail, since the high-frequency components of the
video modulation determine the amount of hori-
zontal detail in the picture.

It might seem desirable to place the pic-
ture carrier at the lower edge of the channel and
use single-sideband transmission completely.
This method would allow the use of video
modulating frequencies higher than 5 MHz and
increased horizontal detail. However, this is not
practicable. The elimination of undesired side-
carrier frequencies is accomplished by a filter
circuit at the transmitter, which cannot have
ideal cutoff characteristics. Therefore, it would
not be possible to remove side carriers that are
too close to the carrier frequency without in-
troducing objectionable phase distortion for the
lower video signal frequencies, which causes
smear in the picture. The low video frequencies
have the mqst important information for the pic-
ture.

The practical compromise of vestigial-
sideband transmission that is used provides for
complete removal of the lower side band only
where the side-carrier frequencies are suf-
ficiently removed from the picture carrier to
avoid phase distortion. The picture carrier itself
and the side frequencies close to the carrier are
not attenuated. The net result is normal double-
sideband transmission for the lower video
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frequencies corresponding to the main body of
picture information for large areas in the picture.
The single-sideband transmission is used only
for the higher video frequencies that represent
details of edges or outlines in the picture.

Compensating for the vestigial-sideband trans-
mission. It should be noted that the picture sig-
nal is distorted in terms of relative amplitude for
different frequencies. Remember that a signal
transmitted with only a single side band and the
carrier represents 50 percent modulation in
comparison with a normal double-sideband sig-
nal with 100 percent modulation. Therefore, the
higher video frequencies provide signals with
one-half the effective carrier modulation, com-
pared with the lower video frequencies that are
transmitted with both side bands. This is in ef-
fect a low-frequency boost in the video signal.
However, it is corrected by deemphasizing the
low video frequencies to the same extent in the
IF amplifier of the television receiver.

6-5 Line-of-Sight
Transmission

Propagation of radio waves in the VHF and UHF
bands is produced mainly by ground-wave ef-
fects, rather than sky waves from the ionized at-
mosphere. The ground wave is that part of the
radiated signal affected by the presence of the
earth, and it can be considered as being prop-
agated along the surface of the earth from the
transmitting antenna. Since the television
broadcast channels are in the VHF and UHF
bands, transmission of the picture and sound
carrier signals is determined primarily by
ground-wave propagation.

Horizon distance. The transmission distance
that can be obtained for the ground-wave signal
is limited by the distance along the surface of
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the earth to the horizon, as viewed from the
transmitting antenna. This is called line-of-sight
transmission; the line-of-sight distance to the
horizon is the horizon distance (see Fig. 6-7).
The horizon distance for the transmitted radio
wave, however, is about 15 percent longer than
the optical horizon distance because the path of
the ground wave curves slightly in the same di-
rection as the earth’s curvature. This bending of
the radio waves by the earth’s atmosphere is
called refraction. The graph in Fig. 6-8 shows
the radio horizon distance directly for any an-
tenna height up to 10,000 ft.

Antenna
h feet above
the earth

Surface of
earth

FIGURE 6-7 HORIZON DISTANCE r DEPENDS ON ANTENNA
HEIGHT h.

Radio horizon distance,
mir
Py
o

15 e ...|’.~t + ‘l”
10 e JL

100 200 4005(')0 1000 2.000 4.000 10.000

h
Antenna height, ft

FIGURE 6-8 GRAPH SHOWING HOW RADIO HORIZON DIS-
TANCE r INCREASES WITH ANTENNA HEIGHT h.

In considering the line of sight from trans-
mitter to receiver, the horizon distance of each
antenna must be added. As an example, a trans-
mitting antenna at a height of 1,100 ft has the
horizon distance of 55 mi. For an antenna
height of 150 ft at the receiver, this horizon dis-
tance is 17 mi. Therefore, the line-of-sight dis-
tance between these two antennas equals
55 + 17 =72 mi.

Television transmitters. The peak rf power
output of a typical picture or sound signal VHF
transmitteris 1 to 50 kW. However, the effective
radiated power can be higher because it in-
cludes the gain of the transmitting antenna. The
minimum effective radiated power specified by
the FCC for a population of 1 million or more is
50 kW, with a transmitting antenna height of 500
ft. For areas with a population under 50,000 the
minimum effective radiated power is 1 kW with
an antenna height of 300 ft.

The radiated power of the sound carrier
signal is not less than 50 percent or more than
150 percent of the radiated power for the picture
carrier signal, for monochrome transmission. In
color transmission, the sound power is limited to
50 to 70 percent of the picture power for
minimum sound interference in the picture.

The frequency tolerance for the picture or
sound carrier is +0.002 percent. However, the
exact carrier frequencies for different stations
on the same channel are offset from each other
by +10 kHz or —10 kHz, in order to reduce inter-
ference between cochannel stations. This sys-
tem is called offset carrier operation.

Reflections. As the ground wave travels along
the surface of the earth, the radio signal en-
counters buildings, towers, bridges, hills, and
other obstructions. When the intervening object
is a good conductor and its size is an apprecia-
ble part of the radio signal’'s wavelength, the ob-




struction will reflect the radio wave, similar to
the reflection of light from a mirror or other
reflecting surface. What happens is that the
conductor intercepts the radio wave, current
flows as in an antenna, and the conductor
reradiates the signal. Reflection of radio waves
can occur at any frequency but more easily at
higher frequencies because of the shorter wave-
lengths.

For the television channel frequencies be-
tween 54 and 890 MHz the wavelengths are be-
tween 17 and 1 ft, depending on the frequency.
Objects of comparable size, or bigger, can
reflect the television carrier waves. When the
reflected picture carrier signal arrives at the
receiving antenna in addition to the direct wave
or along with other reflections, the multipath
signals produce multiple images called ghosts
in the reproduced picture.

Shadow areas. Where an object in the path of
the ground wave reflects the radio signal, the

SUMMARY
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area behind the obstruction is shadowed and
therefore has reduced signal strength. The
shadowing effect is more definite at higher
frequencies because of the shorter wavelengths,
just like reflection of the radio waves. Reception
of television signal in shadow areas behind an
obstruction like a tall building is often ac-
complished by utilizing waves reflected from
other buildings nearby.

Booster stations. Some areas are either shad-
owed by mountains or too far from the nearest
transmitter for satisfactory television broadcast
service. In this case, a booster station can be
used. The station is in a suitable location for
reception and rebroadcasts the program to
receivers in the local area. Some booster sta-
tions convert the VHF channel frequencies for
rebroadcasting on an unused UHF channel, to
minimize interference problems. These are
transiator stations.

The amplitude-modulated picture carrier signal has a symmetrical envelope,
which is the composite video signal used to modulate the carrier wave. The two
main features of the transmitted picture carrier signal are negative polarity of
modulation and vestigial-sideband transmission.

Negative transmission means that the video modulating signal has the polarity
required to reduce the carrier amplitude for white camera signal. Darker picture
information raises the carrier amplitude. Tip of sync produces maximum carrier
amplitude for the 100 percent level.

Vestigial-sideband transmission means that all the upper side frequencies but
only some of the lower side frequencies are transmitted in the 6-MHz channel for
the modulated picture carrier signal. The band of upper side frequencies approxi-
mately 4 MHz above the carrier frequency is transmitted with full amplitude.
Similarly, lower side frequencies separated by 0.75 MHz, or less, from the carrier
frequency are also transmitted. However, the lower side frequencies below the
picture carrier enough to be outside the assigned channel are not transmitted.
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4. Channels 2 to 6 are low-band VHF channels between 54 and 88 MHz; channels 7
to 13 are high-band VHF channels from 174 to 216 MHz; channels 14 to 83 are
UHF channels from 470 to 890 MHz. In all bands the station broadcasts in a stand-
ard channel 6 MHz wide.

5. The standard 6-MHz channel includes the AM picture carrier 1.25 MHz above the
low end, and the FM sound carrier 0.25 MHz below the high end, with 4.5 MHz
between the picture and sound carrier frequencies. The color subcarrier signal
is transmitted as a side frequency 3.58 MHz above the picture carrier.

Self-Examination (Answers at back of book)

Choose (a), (b), (c), or (d).

1. The modulated picture carrier wave includes the composite video signal as the
(a) average carrier level; (b) symmetrical envelope of amplitude variations; (c)
lower side band without the upper side band; (d) upper envelope without the
lower envelope.

2. Which of the following statements is true? (a) Negative transmission means the
carrier amplitude decreases for black. (b) Negative transmission means the
carrier amplitude decreases for white. (c) Vestigal-sideband transmission
means both upper and lower side bands are transmitted for all modulating
frequencies. (d) Vestigial-sideband transmission means the modulated picture
carrier signal has only the upper envelope.

3. With 2-MHz video signal modulating the picture carrier for channel 4 (66 to 72
MHz), which of the following frequencies are transmitted ? (a) 66-MHz carrier and
68-MHz upper side frequency; (b) 71.75-MHz carrier, with 69- and 73-MHz side
frequencies; (c¢) 67.25-MHz carrier, with 65.25- and 69.25-MHz side frequencies;
(d) 67.25-MHz carrier and 69.25 MHz upper side frequency.

4. With 0.5-MHz video signal modulating the picture carrier, (a) both upper and
lower side frequencies are transmitted; (b) only the upper side frequency is
transmitted; (¢) only the lower side frequency is transmitted; (d) no side frequen-
cies are transmitted.

5. Inall standard television broadcast channels the difference between picture and
sound carrier frequencies is (a) 0.25 MHz, (b) 1.25 MHz, (c) 4.5 MHz, (d) 6 MHz.

6. The difference between the sound carrier frequencies in two adjacent channels
equals (a) 0.25 MHz; (b) 1.25 MHz; (c) 4.5 MHz; (d) 6 MHz.

7. With 7 percent black setup, maximum black in the picture corresponds to what
percent amplitude in the modulated carrier signal? (a) 5; (b) 68; (c) 75; (d) 95.

8. Line-of-sight transmission is a characteristic of propagation for the (a) VHF and
UHF bands; (b) VHF band but not the UHF band; (c) low radio frequencies below
1 MHz; (d) AM picture signal but not the FM sound signal.
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9. In channel 14 (470 to 476 MHz) the 3.58-MHz color signal is transmitted at the
frequency of (a) 471.25 MHz; (b) 473.25 MHz; (c) 474.83 MHz; (d) 475.25 MHz.

10. The difference between the sound carrier and color subcarrier frequencies is (a)
4.5 MHz; (b) 1.25 MHz; (c) 0.92 MHz; (d) 0.25 MHz.

Essay Questions

1. Define negative transmission.

Give one advantage and one disadvantage of vestigial-sideband transmission.
3. For each of the following channels, list the picture carrier and sound carrier
frequencies with their frequency separation: channeis 2, 5, 7, 13, 14, and 83.

4. Define the following terms: (a) offset carrier operation; (b) ghostin the picture; (c)
shadow area.

5. Which television channel numbers are in the band of 30 to 300 MHz? Which are in
the band of 300 to 3,000 MHz?

6. Draw a graph similar to Fig. 6-6 showing frequencies transmitted in channel 8, in-
dicating picture carrier, sound carrier, and color subcarrier with their frequencies.

7. Why is reflection of the transmitted carrier wave a common problem with the pic-
ture signal in television, but not in the radio broadcast band of 535 to 1,605 kHz?

8. Whatis the effect in the reproduced picture of multipath signals caused by reflec-
tions?

n

Problems (Answers to selected problems at back of book)

1. List the rf side frequencies transmitted with the picture carrier for the following
modulation examples: (a) 0.25-MHz video modulation of channel 2 carrier; (b)
3-MHz video modulation of channel 5 carrier; (c) 0.5-MHz video modulation of
channel 14 carrier; (d) 4-MHz video modulation of channel 14 carrier.

2. In negative transmission, what is the relative amplitude of the modulated picture
carrier wave for (@) maximum white; (b) tip of sync; (c) blanking level; (d) black in
picture; (e) medium gray?

3. List the picture and sound carrier frequencies for channels 7, 8, and 9.

4. Give the frequency separation for the following combinations: (a) picture and as-
sociated sound carriers; (b) picture carrier and lower adjacent-channel sound
carrier; (c) picture carriers in two adjacent channels; (d) sound carriers in two ad-
jacent channeis.
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5. Give the frequency separation for the combinations of (a) picture carrier and color

subcarrier; (b) sound carrier and color subcarrier.

List the picture and sound carrier frequencies for all channels from 2 to 14,

inclusive.

7. Give the exact picture carrier frequency for (a) channel 2 offset —10 kHz; (b)
channel 5 offset +10 kHz.

8. Refer to Fig. 6-9 below. Indicate the picture and sound carrier frequencies for
three VHF channels adjacent in frequency, other than 7, 8, and 9.

o

r T T T T T T T T T T T I T T T T T I
FIGURE 6-9 FOR PROBLEM 8.



Television
Receivers

The receiver circuits use three signals, including color. One is the FM sound carrier,
modulated with audio signal for the loudspeaker. The second is the AM picture
carrier, modulated with video signal for the picture tube. In color receivers, the third
signal is the 3.58-MHz colorplexed subcarrier. This is part of the picture carrier sig-
nal. The three signals enable us to see the picture and hear the sound. We consider
circuits only for monochrome receivers here, as the principles of color television and
color receivers are explained in more detail in the next two chapters. Itisimportant to
realize, though, that all the circuits for a black-and-white picture are also needed for
color. The color television picture is just a monochrome picture with color added in
the main areas of picture information.

In addition to the signal circuits, the television receiver has vertical and hori-
zontal deflection circuits for scanning the raster. Finally, with the picture on the ras-
ter, synchronization is necessary. The deflection sync includes vertical and horizon-
tal pulses that time the scanning circuits to hold the picture steady on the raster. The
functions of the receiver circuits and controls are described in the following topics:

7-1 Types of television receivers
7-2 Receiver circuits
7-3 Signal frequencies
7-4 Intercarrier sound
7-5 Dividing the receiver into sections
7-6 Receiver controls
7-7 Receiver tubes
7-8 Solid-state devices
7-9 Special components
7-10 Printed-wiring boards
7-11  Localizing receiver troubles to one section
7-12 Multiple troubles
7-13 Safety features
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7-1 Types of
Television Receivers

For either monochrome or color, the receiver
may use tubes for all stages, have all solid-state
transistors and integrated circuits, or combine
tubes and transistors as a hybrid receiver. A typ-
ical hybrid chassis for a monochrome receiver is
shown in Fig. 7-1.

All-tube receivers. This type applies mainly to
monochrome receivers and older color re-
ceivers. All the functions are provided by about
12 tubes for monochrome and 18 tubes for color

Volume control

UHF tuner and on-off switch

receivers. Included are multipurpose tubes with
two or three stages in one envelope. The B+ for
plate and screen voltage is 140 V or 280 V.

Solid-state receivers. In this type, all the
stages except the picture tube use semicon-
ductor diodes, transistors, and integrated cir-
cuits. The dc supply voltage, then, is about 12 to
90 V, for collector voltage. The only heater is for
the picture tube. A separate filament trans-
former is used, or the filament can be heated
with direct current from the low-voltage power
supply.
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output oscillator on picture tube
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FIGURE 7-1 CHASSIS OF HYBRID RECEIVER WITH TUBES AND TRANSISTORS. (MAG-

NAVOX CORPORATION)



Hybrid receivers. In this type, the deflection
circuits generally use power tubes, while the sig-
nal circuits use transistors and integrated cir-
cuits. These receivers usually have an ac-dc
power supply, with series heaters for the tubes.
The collector voltage of 12 to 28 V for the transis-
tors can be taken from the dc bias voltage of the
horizontal deflection amplifier.

7-2 Receiver Circuits

See the block diagram in Fig. 7-2, with typical
waveshapes. These circuits are essentially the
same for monochrome and color receivers. For
a color broadcast, the chrominance signal is
part of the video signal. In monochrome re-
ceivers, however, this 3.58-MHz C signal is just
not used, as the video amplifier attenuates
frequencies above 3.2 MHz. The type number
18VAUP4 for the monochrome picture tube in-
dicates that 18 in. is the screen diagonal and P4
is the phosphor for a white screen.

Antenna input. Starting with the antenna sig-
nal, the picture and sound rf carrier signals are
intercepted by a common receiving antenna.
The transmission line connects the antenna to
the receiver input terminals for the rf tuner.
Twin lead is generally used. This type is a bal-
anced line, without a ground, and unshielded.
The characteristic impedance for rf is 300 ).

When there is a problem of interference,
it may be better to use shielded coaxial cable.
This line has high attenuation of the signal,
however, especially for the UHF channel
frequencies. Coaxial cable has a characteristic
impedance of 75 ().

Two ungrounded screw terminals on the
receiver are connections for 300-() twin lead. A
grounded jack is for coaxial cable. To convert
one type of line to the other type of connection,
a balancing transformer (balun) is used. Most
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receivers now have an antenna jack for coaxial
cable, which is generally used for master an-
tenna and cable-television installations.

There are two tuners, one for VHF chan-
nels 2 to 13 and the other for UHF channels 14 to
83, each with its own antenna input terminals.
When the antenna and transmission line are the
same for VHF and UHF, then a signal splitter at
the receiver input is used to separate the signal
for the two tuners.

VHF tuner. The antenna input provides rf pic-
ture and sound signals for the rf amplifier stage.
The amplified rf output is then coupled into the
mixer stage. Also coupled into the mixer is the
output of the local oscillator to heterodyne with
the rf picture and sound signals. When the os-
cillator frequency is set for the channel to be
tuned in, the picture and sound signals of the
selected station are heterodyned down to the
lower intermediate frequencies of the receiver.

The oscillator beating with the two rf
carrier signals produces two IF carrier signals.
One is the picture IF signal from the rf picture
signal, and the other is the sound IF signal from
the sound rf signal. The original modulating in-
formation of the rf carrier signals is present in
the IF signals out of the mixer, for both the AM
picture signal and the FM sound signal. Further-
more, the 4.5-MHz separation between the rf
carrier frequencies is maintained in the IF carrier
frequencies. The intermediate frequencies in
the output of the mixer stage are 45 75 MHz for
the IF picture carrier and 41.25 MHz for the IF
sound carrier. Note the 4.5-MHz difference be-
tween 45.75 and 41.25 MHz.

The rf amplifier, mixer, and local oscillator
stages are on an individual subchassis, called
the front end, or rf tuner. Either tubes or transis-
tors can be used. With tubes, the local oscillator
and mixer functions are usually combined in one
stage, called the frequency converter.
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The tuner selects the channel to be re-
ceived by converting its picture and sound rf
carrier frequencies to the intermediate frequen-
cies of the receiver. Then the selected signals
can be amplified in the IF stages. The station
selector is a ganged switch that changes the
tuned circuits for the rf amplifier, mixer, and os-
cillator. The fine tuning control sets the oscilla-
tor frequency exactly for the best picture. It is
important to note that the oscillator frequency
determines which channel can be amplified by
the IF section. Any problem of receiving the
wrong channel is an oscillator trouble.

UHF tuner. When the VHF channel selector is
set to its UHF position, the UHF tuner operates.
The antenna input is obtained from a separate
UHF antenna or the splitter from a combination
VHF-UHF antenna. The UHF tuner is a separate
unit, including transistor oscillator and crystal
diode mixer. These two stages serve as the
frequency converter to heterodyne the UHF
channels down to the intermediate frequencies
of the receiver. The UHF oscillator is tuned for
the desired UHF station.

On the UHF position of the VHF tuner, the
VHF oscillator is disabled. Then the rf amplifier
and mixer on the VHF tuner are tuned to the IF
values of 45.75 MHz for the picture signal and
41.25 MHz for the sound signal. A short length
of coaxial cable plugs into both tuners, connect-
ing the IF output of the UHF tuner to the rf ampli-
fier of the VHF tuner, now serving as an IF ampli-
fier.

Picture IF signal. The picture IF amplifier in-
cludes two to four tuned stages using tubes,
transistors, or an integrated circuit. The band-
width is enough for the IF picture signal with its
side frequencies and for the IF sound signal.
The main function here is amplifying the picture
IF signal from the mixer to provide several volts
for the video detector. This section is also called
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the video IF amplifier in schematic diagrams.
The gain of the IF amplifier is controlled auto-
matically by the AGC bias, according to the
strength of the signal. A typical IF module board
containing the complete picture IF amplifier sec-
tion and video detector is shown in Fig. 7-3. The
IF amplifier is usually connected to the mixer
output on the rf tuner by a short length of coax-
ial cable, with a plug on both ends.

The IF value standardized by the Elec-
tronic Industries Association for the picture
carrier frequency is 45.75 MHz in all receivers.
Then the sound IF carrier is automatically 41.25
MHz, separated by 45 MHz from the picture
carrier. The chrominance signal in the IF ampli-
fier has the frequency of 42.17 MHz, which is
3.58 MHz from the picture carrier at 45.75. The
sound and color IF values are below the picture
carrier frequency because the rf oscillator beats
above the rf signal frequencies in the frequency
conversion by the rf tuner.

Video detector. The modulated IF picture sig-
nal is rectified and filtered here to recover its AM
envelope, which is the composite video signal
needed for the picture tube. The main purpose
of the video detector is to provide for the video
amplifier the composite video with its camera
signal, sync, and blanking.

For color broadcasts, the video detector
output also includes the 3.58-N\Hz chrominance
signal. This signal is used in the color amplifier
in color receivers.

Intercarrier sound. In addition to the video
signal, the output of the video detector in Fig.
7-2 includes the 4.5-MHz intercarrier sound sig-
nal. All television receivers, monochrome or
color, use the intercarrier method of demodulat-
ing the sound as a 4.5-MHz signal for all chan-
nels, VHF or UHF. However, color receivers have
a separate 4.5-MHz sound converter, instead of
using the video detector for this function. The
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Picture IF

AFT and video detector

Video preamplifier

bl 51' hest Py

FIGURE 7-3 MODULE BOARD WITH PICTURE IF AMPLIFIER, VIDEO DETECTOR AND VIDEO
PREAMPLIFIER CIRCUITS IN COLOR RECEIVER. AFT IS AUTOMATIC FINE TUNING. THE

LENGTH OF ENTIRE BOARD IS 7 IN. (RCA)

reason is to minimize interference between the
sound and color signals. The advantage of the
intercarrier system is that the 4.5-MHz sound
signal is automatically tuned in with the picture.

Video amplifier. Consisting of one or more
stages, this section amplifies the composite
video signal enough to drive the grid-cathode
circuit of the picture tube. The camera signal
variations change the instantaneous grid-
cathode voltage, modulating the intensity of
beam current. Then the variations of light inten-
sity, as the spot scans the screen, enable the pic-
ture to be reproduced on the raster.

The amount of composite video signal
required for the picture tube is about 100 V peak
to peak for strong contrast. Cathode drive is

generally used. This requires video signal with
positive sync polarity and negative white ampli-
tudes at the picture tube cathode, as shown in
Fig. 7-2. Remember that negative cathode volt-
age corresponds to positive voltage at the con-
trol grid, to increase the beam current for white
signal amplitudes.

The contrast control in the video amplifier
varies the amount of video signal for the picture
tube. More video signal means more contrast.

The blanking pulses in the composite
video signal drive the picture tube grid-cathode
voltage to cutoff, blanking out retraces. Al-
though the sync is included in the video signal
for the picture tube, the only effect of sync volt-
age here is to drive the grid more negative than
cutoff. Note that the composite video signal is



also coupled to the sync circuits (where the syn-
chronizing pulses are separated for use in tim-
ing the receiver scanning) and to the AGC stage
that produces AGC bias for the rf and IF amplifi-
ers.

Automatic gain control. This automatic-gain-
control (AGC) circuit is similar to the automatic-
volume-control (AVC) system in AM radios. The
stronger the picture carrier is, the greater the
AGC bias voltage produced and the less the gain
of the receiver. The result is relatively constant
video signal amplitude for different carrier-sig-
nal strengths. Therefore, AGC for the picture
signal is useful as an automatic control of con-
trast in the reproduced picture. However, the
AGC circuit affects both the picture and sound,
since it controls the gain of the rf and IF stages.

Synchronizing circuits. The video detector
outputincludes the synchronizing pulses as part
of the composite video signal. This signal,
therefore, is also used in the sync circuits. The
sync provides the timing pulses needed for con-
trolling the frequency of the vertical and hori-
zontal deflection oscillators.

A sync separator is a clipper stage that
can separate the synchronizing pulse amplitude
from the camera signal in the composite video.
Remember that the top 25 percent of the video
signal amplitude is used for sync. When the tips
of the video signal are clipped off and amplified,
the output consists only of sync pulses.

Since there are synchronizing pulses for
both horizontal and vertical scanning, Fig. 7-2
shows the output of the sync separator divided
into two parts. The integrator is a low-pass RC
filter circuit that filters out all but the vertical
pulses from the total separated sync voltage.
Then the vertical synchronizing signals can lock
in the vertical deflection oscillator at 60 Hz. For
horizontal synchronization, an automatic-
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frequency-control (AFC) circuitis used to lock in
the horizontal deflection oscillator at 15,750 Hz.

Deflection circuits. Asshown in Fig. 7-2, these
include the vertical oscillator and amplifier for
vertical scanning at 60 Hz, with the horizontal
oscillator and amplifier for scanning at 15,750
Hz. For either vertical or horizontal scanning,
the oscillator stage generates deflection voltage
to drive the amplifier at the required frequency.
The deflection amplifiers are power output
stages to provide enough scanning current in
the deflection yoke for a full-sized raster.

The horizontal output circuit also in-
cludes the damper diode and high-voltage recti-
fier. The damper has the function of reducing
sine-wave oscillations in the horizontal saw-
tooth scanning current, which occur immedi-
ately after flyback. The high-voltage rectifier
produces dc anode voltage for the picture tube.

The deflection circuits produce the re-
quired scanning current and the resultant ras-
ter with or without the synchronizing signals.
Since the deflection oscillators are free-running,
they do not require any external signal for
operation. However, the sync is needed to hold
the deflection oscillators at exactly the right
frequency so that the picture information is
reproduced in the correct position on the raster.
Without sync, the deflection circuits scan the ras-
ter, but the picture will not hold still.

Low-voltage supply. Two power supplies are
shown in Fig. 7-2. One is the usual B+ supply for
dc operating voltages on the tubes or transis-
tors. This is the low-voltage supply because its
output voltage is low compared with the high-
voltage supply for anode voltage on the picture
tube. For sufficient brightness, the anode volt-
age for black-and-white picture tubes is 9 to 20
kV, while color tubes use about 18 to 25 kV.
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The dc output of 140 to 280 V supplies
plate voltage for vacuum tube amplifiers. Sili-
con diodes are generally used as the rectifiers.
For transistors and integrated circuits, the
required dc supply is about 12 to 90 V, in either
positive or negative polarity.

When tubes are used, the heaters can be
in parallel with a 6-V winding on the power
transformer, or in series for ac-dc sets. With
series heaters, all the heater voltages add to
equal the power-line voltage of 120 V. An open
in any one heater opens the entire series string.
The heater current for a series string usually is
either 450 or 600 mA.

In tube sets having “instant-on” opera-
tion, the heaters have about one-half their nor-
mal voltage with the power switch off. Full
power is applied when the receiver is turned on,
and the tubes are on almost immediately. This
feature has been developed to be similar to
solid-state devices, which are on immediately
because they have no heater.

High-voltage supply. The high-voltage rectifi-
er obtains its ac input from the horizontal ampli-
fier. This arrangement is called a flyback supply
because the high voltage is generated as an in-
duced voltage during the fast horizontal retrace.
Theresultantvoltageisstepped up by the horizon-
tal output transformer for the required amount of
high voltage. The rectified output is the dc anode
voltage needed by the picture tube to produce
brightness on the phosphor screen. Because the
anode voltage depends on the horizontal output
with a flyback circuit, there cannot be any bright-
ness on the picture tube screen if the horizontal
scanning circuits are not operating.

Signal voltages. For a picture without snow,
the required antenna signal is about 1,000 .V or
1 mV. The signal voltage from the tuner into the
IF amplifier is about 10 mV. For linear operation

of the video detector diode, about 1 to 3V of IF
signal is needed. These are all rms values for the
modulated picture carrier signal.

In the output of the video detector, a typi-
cal value of composite video signal for tubes is
about 3V, peak to peak, with an average dc level
of about 2 V. For transistors in the video amplifi-
er, one-half these voltages are typical values.
The peak-to-peak signal out of the video amplifi-
er to drive the picture tube is 80 to 120 V for
good contrast. The required dc level or bias for
the correct brightness is about 40 V, negative at
the control grid or positive at the cathode of the
picture tube.

7-3 Signal Frequencies

The operation of the receiver can be examined
in more detail by considering the frequencies in
different sections of the receiver for picture,
sound, and color.

Rf and IF values. As an example, let the VHF
tuner in Fig. 7-2 be set for tuning in channel 3 at
60 to 66 MHz. Then the rf amplifier and mixer
input are tuned to this band of frequencies for
the picture carrier (P) at 61.25 MHz and the
sound carrier (S) at 65.75 MHz. The local oscilla-
tor is at 107 MHz, which is 45.75 MHz above P
and 41.25 MHz above S.

Similarly, for UHF channel 14 at 470 to 476
MHz, Pis 471.25 MHz and S is 475.75 MHz. The
UHF oscillator is at 517 MHz. Then UHF channel
14 is converted to the IF picture carrier signal at
45.75 MHz and the IF sound signal at 41.25 MHz.

In all cases the difference between P and
S is exactly 4.5 MHz, for VHF or UHF channels,
for color or monochrome, for rf and IF signals.
This frequency of 4.5 MHz is the intercarrier
sound signal for the sound section.



Inversion of the intermediate frequencies. It
should be noted that the oscillator beats above
the rf signal frequencies. As aresult, the IF sig-
nal frequencies become inverted. In the rf sig-
nals, S is higher than P, but in the IF signals S at
41.25 MHz is lower than P at 45.75 MHz. The
reason is just that, in the rf signal, the frequency
for S is closer to the oscillator frequency than P
is. Then the difference is less for S.

Video frequencies. When the picture carrier
signal is rectified in the video detector, the
carrier frequency is filtered out. The envelope is
the composite video signal with camera signal,
sync, and blanking. The frequencies in the cam-
era signal variation include high video frequen-
cies up to 4 MHz, approximately, for horizontal
details. At the low end, frequencies down to 30
Hz show shades of light and dark in the vertical
direction. In addition, the dc level of the signal
indicates the average brightness level.

Double superheterodyne. The feature of a su-
perheterodyne circuit is converting the rf signal
frequencies for different stations to the interme-
diate frequencies of the receiver. This way the rf
carrier signals are all shifted in frequency to
make them fit the receiver’s IF amplifier, instead
of changing all the tuned circuits in the receiver
for each rf signal. Practically all the selectivity
and all the gain of the receiver result from the IF
amplification.

In a double superheterodyne circuit, the
signal frequency is beat down twice for a second
IF value lower than the first. The television
receiver is actually a double superheterodyne
for the 4.5-MHz sound signal and for the
3.58-MHz chrominance signal. These IF values
are listed in Table 7-1 to illustrate the sequence
of frequencies.
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TABLE7-1 THE IF SIGNAL FREQUENCIES

Picture IF value = 4575 MHz
First chrominance IF value =4217 MHz
First sound IF value = 41.25 MHz
Second sound IF value = 45 MHz
Second chrominance IF value = 3.58 MHz

7-4 Intercarrier Sound

Note the sequence of stages for sound in Fig.
7-2. After being amplified in the rf tuner with the
picture signal, the sound signal passes through
the picture IF amplifier so that both the sound
and picture IF signals are coupled into the video
detector. This IF amplification for both signals is
accomplished by having a little more bandwidth
in the picture IF amplifier to provide some gain
for the sound IF signal. However, there is much
more gain for the picture signal. The gain for the
picture IF signal at 45.75 MHz is about 10 times
more than for the sound IF signal at 41.25 MHz.
As a result, the video detector can produce the
4.5-MHz sound signal as the difference frequen-
cies between the strong IF picture carrier beat-
ing with the weaker IF sound signal. This action
corresponds to the operation of the frequency
converter in the rf tuner, where the relatively
strong output of the local oscillator beats with
the weak rf signal.

The 4.5-MHz sound section. The 4.5-MHz
wavetrapin theoutput of the video detector in Fig.
7-2 is the sound takeoff circuit. This resonant
tuned circuit filters out the 4.5-MHz sound signal
from the video frequencies. Note that the takeoff
circuit, the sound IF amplifier, and the FM sound
detectorare alwaystuned to 4.5 MHz. This combi-
nationis the mark of intercarrier sound receivers.

The sound IF stage amplifies the 4.5-MHz
signal enough to drive the FM detector. This de-
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tector is necessary because the 4.5-MHz inter-
carrier sound is not an audio signal. The
frequency modulation in the 4.5-MHz signal is
the same as in the rf and first IF sound signals.
After this FM signal is detected at 4.5 MHz, the
detector output is the desired audio signal.
Then the audio signal is amplified in a conven-
tional audio amplifier to drive the loudspeaker.

Buzz in the sound. The only problem with in-
tercarrier sound is that the vertical blanking
pulses in the picture signal can interfere with the
4.5-MHz sound signal. The result is buzz at 60
Hz. It sounds like 60-Hz hum but is rougher
because the buzz is produced by square waves.
The buzz is eliminated by keeping the amplitude
low for the first IF sound signal and using AM
rejection circuits for the 4.5-MHz FM sound sig-
nal. Many receivers have a buzz control on the
back of the chassis, which is adjusted for
minimum buzz.

The intercarrier buzz may increase when
the picture goes to white, as the picture carrier
amplitude then decreases. If the transmitter
modulates white too close to zero amplitude,
there will not be enough picture carrier, causing
the intercarrier sound signal to be interrupted.

Split-sound receivers. Practically all televi-
sion receivers use intercarrier sound, compared
with the old method of split-sound. These old
receivers amplified and detected the sound at its
first IF value, with a separate IF amplifier tuned
to 21.25 MHz. The old standard IF values were
21.25 MHz for the sound signal and 25.75 MHz
for the picture signal. Split-sound receivers
became obsolete when television broadcasting
started to use the UHF channels from 470 to 890
MHz. At these frequencies, it is too difficult for
the local oscillator in the rf tuner to tune in the
sound as a separate signal.

7-5 Dividing the
Receiver into
Sections

The picture is reproduced on the screen as the
combined result of the raster, video signal, and
sync. These functions are summarized in Tables
7-2 and 7-3. In addition, Fig. 7-4 illustrates the
successive steps in forming the raster and su-
perimposing the picture on the raster.

Hlumination. Just the spot of light on the
screen in Fig. 7-4a shows that the picture tube
and high-voltage supply are operating. Howev-
er, it should be noted that this illustration was
produced with an external high-voltage source.
The flyback supply in the receiver cannot pro-
duce high voltage without horizontal output.

(c) (d)

FIGURE 7-4 HOW THE RECEIVER PUTS THE PICTURE ON
THE RASTER. (a) ILLUMINATION ON SCREEN. (b) ILLUMINA-
TION PLUS HORIZONTAL SCANNING. (c) HORIZONTAL AND
VERTICAL SCANNING TO PRODUCE THE WHITE RASTER.
(d) VIDEO SIGNAL PRODUCING A PICTURE ON THE RASTER.



Horizontal scanning. The single horizontal
line in Fig. 7-4b shows illumination and horizon-
tal scanning. The horizontal deflection circuits,
including the horizontal oscillator, amplifier,
and damper stages, produce the horizontal
scanning.

Vertical scanning. The vertical oscillator and
amplifier stages produce vertical scanning.
Then the horizontal scanning lines fill the entire
screen area from top to bottom to form the scan-
ning raster. The white raster in Fig. 7-4c shows
that the vertical and horizontal deflection cir-
cuits, the picture tube, and the high-voltage sup-
ply are operating.

Picture. Figure 7-4d shows a picture repro-
duced on the raster. The circuits for picture sig-
nal, from the antenna input to the picture tube
grid, provide video signal for the picture infor-
mation. Then the video signal voltage varies the
intensity of the electron beam, while the deflec-
tion circuits produce scanning, to reproduce the
picture as shades of white, gray, and black on
the raster.

Deflection sync. Vertical synchronization al-
lows successive frames to be superimposed
exactly over each other so that the picture will
not appear to be rolling up or down the screen.
Horizontal synchronization prevents the line
structure of the picture from tearing apart into
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TABLE 7-2. CIRCUITS FOR THE RASTER (for block
diagram in Fig. 7-2)

SCANNING

ILLUMINATION HORIZONTAL ; VERTICAL
Picture tube H oscillator V oscillator

Heater voltage H amplifier V amplifier

Bias voltage H damper

Screen-grid — . R

voltage

High-voltage Deflection yoke

supply

diagonal segments. The synchronizing circuits
in the receiver provide the horizontal and ver-
tical sync for the deflection oscillators to hold
the picture steady.

Circuits for the raster. In Table 7-2 only the
raster circuits are listed with the requirements
for ilumination. Assuming that the picture tube
is operating with high voltage to produce light,
the horizontal and vertical deflection circuits then
can produce the raster.

Circuits for signal. Table 7-3 lists these cir-
Clits as separate groups, based on the receiver
block diagram in Fig. 7-2. With intercarrier
sound, only the 4.5-MHz circuits and audio am-
plifier in the second column are for sound alone.

Almost all the signal circuits are for both

TABLE 7-3 CIRCUITS FOR THE SIGNAL (for block diagram in Fig. 7-2)

PICTURE AND SOUND

SOUND ONLY

PICTURE ONLY

Rf tuner

Picture IF and detector

AGC circuit

4.5-MHz IF amplifier
4.5-MHz FM detector

Audio amplifier

Video amplifier
Sync separator

Horizontal AFC
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picture and sound. As listed in the first column,
the rf tuner, picture IF amplifier, and video de-
tector are common to the picture and sound sig-
nals. The AGC circuit controls the gain of these
rf and IF amplifiers.

Only the video amplifier is listed in the
third column for picture alone, with the sync cir-
cuits to hold the picture steady. Even the video
amplifier can be common to the sound, howev-
er, in receivers where the 4.5-MHz signal is taken
from the video amplifier output circuit.

7-6 Receiver Controls

These can be considered in two groups: the
setup adjustments mainly for the raster and the
operating controls in the signal circuits. The
setup adjustments for the scanning raster are
usually on the rear apron of the chassis. The
operating controls are in the front panel or at the
side of cabinet.

Raster adjustments. The vertical height and
linearity controls are adjusted to fill the screen
top to bottom, with the scanning lines equally
spaced for good linearity. If there is a width con-
trol, it is adjusted to make the raster just cover
the left and right edges of the screen. It should
be noted that the raster is the same for all sta-
tions and is present with or without signal. How-
ever, the raster with signal can be a little smaller
as blanking crops the edges slightly.

If the raster is off-center, there are usually
magnet rings on the neck of the picture tube that
can be rotated to shift the raster vertically and
horizontally. It should be noted that the horizon-
tal hold control can shift the picture slightly with
respect to the raster.

Channel selector. The VHF channel switch
tunes in the desired station for channels 2 to 13.
On the UHF position of this switch, dc voltage is

supplied to the UHF oscillator to operate the
UHF tuner. Then the UHF channel control can
be used to select any UHF channel from 14 to 83.

Fine tuning. This control provides more exact
setting of the frequency for the VHF oscillator.
With intercarrier sound, the fine tuning can be
set for the best picture, independently of the
sound. The best picture with good contrast and
fine detail results by setting the fine tuning just
off the point where you see wide horizontal
sound bars that move with the voice modulation.

Volume. This is a typical audio level control,
usually a potentiometer to vary the signal volt-
age input to the first audio amplifier. Some
receivers may also have a tone control to adjust
the response for high audio frequencies.

Buzz. Adjustthiscontrol, if necessary, for mini-
mum 60-Hz buzz in the sound.

Contrast. Since the receiver generally has AGC
to vary the gain of the rf and IF amplifiers, the
contrast control is in the video amplifier circuit
to adjust the amplitude of video signal voltage
for the picture tube.

Video peaking. Some receivers have this con-
trol to vary the high-frequency response of the
video amplifier for sharper outlines in the pic-
ture. This control is also called fidelity, or
sharpness. However, the picture may look better
with reduced bandwidth and less sharpness if
there is noise or interference in the signal.

AGC level. For proper range of the contrast
control, the AGC level setup adjustment at the
back of the chassis must be set properly. Adjust
the AGC level for full contrast on the strongest
station with the contrast control at maximum.



Keep the AGC level below the point of overload
distortion, however, where black and white are
reversed and the picture is out of sync with buzz
in the sound.

Brightness. This control varies the dc bias for
the grid-cathode circuit of the picture tube. Ad-
just for the desired overall illumination on the
screen. If the picture goes completely out of
focus at high brightness levels, the trouble may
be insufficient high voltage or an old picture
tube that probably has weak emission.

Vertical hold. This control adjusts the
frequency of the vertical deflection oscillator
close enough to 60 Hz to aliow the sync to lock
in the vertical scanning. When the picture rolls
up or down, the vertical hold control is varied to
make the picture stay still.

Horizontal hold. This control adjusts the hori-
zontal deflection oscillator. When the picture
shifts horizontally and tears apart into diagonal
segments, the horizontal hold control is varied
to establish horizontal synchronization and pro-
vide a complete picture.

It is interesting to note that many of the
controls are similar in their function of varying
an ac voltage level. Turning up the volume con-
trol increases the amount of audio signal for
more volume. Similarly, the contrast control
increases the amount of video signal for more
contrast. Also, the color control increases the
amount of 3.58-MHz chroma signal for more
color in the picture. In addition, the height con-
trol increases the amount of vertical sawtooth
scanning current for more height in the raster. A
width control increases the amount of horizontal
sawtooth scanning current.
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7-7 Receiver Tubes

Where tubes are used instead of transistors to
amplify the sound and picture signals, these
stages are usually the miniature glass types
shown in Fig. 7-5. The heater pins are 3 and 4
for the seven-pin base in a or 4 and 5 for the
nine-pin novar base in b. The wider spacing be-
tween end pins is the guide for inserting the tube
in its socket. The nine-pin tubes come in several
different sizes, with a slightly larger base and
larger pins for power tubes.

The 6-V tubes such as 6GHB8A are for par-
allel heater circuits in receivers with an ac power
supply using a power transformer, which in-
cludes a 6-V winding. Heater ratings such as
3BZ6, 8FQ7, and 17D4 are for series heater cir-

(a) (b)
FIGURE 7-5 MINIATURE GLASS AMPLIFIER TUBES. ()
SEVEN-PIN BASE. (b) NINE-PIN BASE. IS IS INTERNAL
SHIELD.

p—————
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FIGURE 7-6 COMPACTRON MULTIFUNCTION TUBE 6810,
COMBINING TWO DIODES AND TWO TRIODES. HEIGHT IS
1, IN. (GE)

cuits in those receivers that do not have a
power transformer. The 3BZ6 or 6BZ6 is a pen-
tode often used in the picture IF amplifier.

The compactron tube in Fig. 7-6 com-
bines three stages in one envelope. Note the
duodecar twelve-pin base used for this type and
for power tubes in general. The heaters are the
end pins 1 and 12. At the opposite extreme, the
nuvistor is a miniaturized tube not much larger
thanatransistor, often used as the triode rf ampli-
fier in VHF tuners.

Power tubes are needed for the deflection
circuits, especially in the horizontal output
stage, which takes the most power from the low-
voltage supply. The 6JE6 in Fig. 7-7 has a max-
imum power rating of 30 W plate dissipation.
Average cathode current is about 350 mA. Note
the plate connection to the top cap.

The damper (Fig. 7-8) in the horizontal
output stage is a diode power rectifier. The
6CT3 damper tube in @ has a maximum rating of

—+.2 A for-peak-ptate-current-Peak-ratingsfor-the
semiconductor diode damper in b are 10 A for
forward current and 320 V for reverse voltage.

A tube for the damper must have a high
inverse-voltage rating between cathode and
heater, to prevent arcing to chassis ground. A
typical maximum rating is —5,500 V. The damper
takes a long time to heat up because of the
heavy cathode insulation.

The damper stage conducts immediately
after horizontal flyback to damp the output cir-
cuit. Without damping, there are vertical, thin,
white lines at the left edge of the raster, pro-
duced by oscillations in the horizontal scanning
current. In addition, the rectified deflection volt-
age from the damper supplies boosted B+ volt-
age for the plate of the horizontal amplifier tube.
Finally, the damper current, while the diode is

FIGURE 7-7 HORIZONTAL POWER OUTPUT TUBE 6JE6
WITH NOVAR BASE. TOP CAP IS PLATE CONNECTION.
HEIGHT IS 4 IN. (RAYTHEON COMPANY)



(a) (b)

FIGURE 7-8 DAMPER DIODE FOR HORIZONTAL OUTPUT
CIRCUIT. (a) TUBE. (b) SILICON DIODE. (RCA)

conducting, provides horizontal scanning for
the left side of the raster. For this reason, the
horizontal damper is also called an efficiency
diode. It should be noted that when boosted B+
voltage is used for the horizontal amplifier, this
stage cannot operate without the damper.

The high-voltage rectifiers in Fig. 7-9 fea-
ture very high peak inverse-voltage rating, in a
flyback supply. This rating is 36 kV for the 1G3
ina. The heater power of 1.25 Vat 0.2 A is taken
from the horizontal output circuit, as is the high-
voltage ac input of 18 kV. This tube is for a
black-and-white picture tube where beam cur-
rentis less than 1 mA for the rectifier's load cur-
rent. For three-gun color picture tubes, the
3A3 in b has a current rating of 2 mA, with dc
high-voltage output of 25 kV. Both of these
tubes have an octal socket and a top cap for the
plate connection. The silicon unitin Fig. 7-10 is
ratedat 18 kV, but ratings up to 35kV are available.
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FIGURE 7-9 HIGH-VOLTAGE DIODE RECTIFIER TUBES. (a)
1G3/1B3 FOR MONOCHROME RECEIVERS. (b) 3A3 FOR
COLOR RECEIVERS. HEIGHT IS 4 IN. (RAYTHEON COM-
PANY)

7-8 Solid-State Devices

These include transistor amplifiers, diode rectifi-
ers, and the integrated circuit (IC). Typical tran-
sistors and IC units are shown in Figs. 7-11 and
7-12.

The semiconductor elements germanium
(Ge) and silicon (Si) are generally used. Silicon
is a dark, crystalline solid that is brittle, like

ﬂ N 18000 VOLT )_)

FIGURE 7-10 SILICON-DIODE STICK FOR HIGH-VOLTAGE
RECTIFIER LENGTH IS 3IN CATHODE END
MARKED + FOR DC OUTPUT.
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TO-66 sink TO-3

Plastic TO-5 TO-1
package

FIGURE 7-11 TRANSISTOR KIT FOR SERVICING TELEVI-
SION RECEIVERS. “TO" 1S TRANSISTOR OUTLINE NUMBER.
DIAMETER OF METAL TO-3 CASE IS 1.2IN. (MAGNAVOX
CORPORATION)

glass. A bar of pure silicon and wafer disks cut
from the bar are shown in Fig. 7-13. After the sil-
icon is processed to alter its electrical character-
istics, each disk can be cut into more than 100
sections for transistors and IC chips. An IC chip,
typically 0.05 in.?, combines transistors, diodes,
and resistors and capacitors to form complete
circuits. A transistor chip is even smaller.

(a) (b)

FIGURE 7-12 TYPICAL IC UNITS FOR TELEVISION RE-
CEIVERS. (a) DUAL IN-LINE PACKAGE (DIP). LENGTH IS */,
IN. NOTCH AT END INDICATES PIN 1. POWER RATING IS 850
mW. (b) TO-5 PACKAGE MOUNTED ON NINE-PIN TUBE
SOCKET. (SPRAGUE ELECTRIC COMPANY)

(a) (b)

FIGURE 7-13 FORMS OF PURE SILICON. (a) SOLID BAR.
(b) WAFER DISKS. DIAMETER IS 1'/, IN. (DOW CORNING)

The transistor was invented in 1948, using
germanium. Now almost all solid-state devices
use Si because it can operate at higher tempera-
tures and has less leakage current, compared
with Ge. The name “transistor’ is derived from
“transfer resistor.”” The advantages of a transis-
tor are its small size and efficient operation.
Semiconductor devices use the electric charges
in the solid material. There is no heater or
cathode. Without a heater, there is no warmup
time, allowing instant operation when the elec-
trode voltages are applied. Normal life of a
semiconductor device, without any troubles of
opens or shorts, is probably about 20 years. The
disadvantage of semiconductors is that their
characteristics are sensitive to changes in tem-
perature and that they are easily damaged by ex-
cessive heat.

Doping. In their pure form, semiconductors®
have few free electrons in their atoms. However,
impurity elements can be added to increase the
number of free charges by a factor of 10 to 50
times. This doping process alters the distribu-

*More details of semiconductors can be found in tran-
sistor books and in the authors’ “Basic Electronics,”
3d ed. McGraw-Hill Book Company. See Bibliogra-
phy at back of book.



tion of the valence electrons in the semicon-
ductor atoms. When electrons are added, the
semiconductor is N-type. The P-type has a
deficiency of electrons. The positive charge
resulting from a vacancy of one electron in the
valence band is called a hole charge. Currentin
a semiconductor can be either electron flow or a
drift of positive hole charges.

Hole current. The positive hole has exactly the
same amount of charge as the negative electron
but of opposite polarity. A hole is not a proton
but a new type of positive charge produced only
in P-type semiconductors. When hole charges
move, the hole current is in the same direction
as conventional current, opposite to electron
flow. All arrow symbols for semiconductor
devices show the direction of hole current. It
should be noted, though, that hole charges are
moving only in the P semiconductor. Externally,
electrons are moving in the opposite direction.

The PN junction. When P-type and N-type ma-
terials are joined in a continuous crystalline
structure, the edge where the opposite types
meet is a PN junction. The junction prevents the
hole charges and electrons from neutralizing
each other. The reason is a small barrier poten-
tial across the junction. Its polarity repels holes
back into the P material and electronsinto the N
material. The barrier voltage results from ions of
the impurity elements used in the doping. The
amount of this barrier potential is 0.3 V for Ge
junctions and 0.7 V for Si junctions. These volt-
ages apply to all Ge and Si junctions, large or
small, as the value is a characteristic of the ele-
ment.

The junction voltage is the basis of opera-
tion for all semiconductor diodes and junction
transistors. A diode rectifier is just a PN junc-
tion. Also, PNP and NPN transistors consist of
two junctions with opposite polarities. The
application of the junction is to use an external
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voltage to aid or oppose the barrier voltage, in
orderto control currentthrough the junction. Ac-
tually, the P and N bulk materials only provide
electrodes to connect the junction to an external
circuit.

Forward and reverse voltages. When external
voltage is applied to cancel all or part of the in-
ternal barrier voltage, this polarity is called
forward voltage (V.). As shown at the emitter-
base junctions in Fig. 7-14, V,. is positive at the P
side and negative at the N side to produce
forwardcurrentthroughthe junction. Inshort, the
polarity for forward voltage is the same as the P
and N electrodes.

For reverse voltage (Vi) the connections
aretheopposite. In Fig. 7-14, Vi forthe collector-
base junction has the positive side to the N elec-
trode and the negative side to P. Reverse voltage
prevents any forward current from flowing across
the junction.

PNP and NPN junction transistors. As shown
in Fig. 7-14, three sections or electrodes are
used to form two junctions. Either a P is be-
tween two N sections, or the N is between two P
sections. With two junctions one can control the
current through the other to provide amplifica-
tion of the input signal. This junction type is also
called a bipolar transistor because it uses both
electrons and hole charges. The three elec-
trodes are called emitter, base, and collector.
The base section is in the middle.

The function of the emitter is to supply
charges, either electrons or holes, through its
junction with the base. As the source of
charges, the emitter function is like the cathode
of a vacuum tube. The collector receives these
charges through its junction with the base. This
function is similar to the plate or anode of a
tube, but the collector is positive for NPN tran-
sistors or negative for PNP transistors. The base
is part of both junctions, to control how many
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Emitter

charges can move from the emitter, through the
base, to the collector. The function of the base
is similar to the control grid in a tube.

Referring to Fig. 7-14, the requirements
for electrode voltages in a junction transistor
can be summarized as follows:

1. The emitter-base junction must have for-
ward voltage to bias the transistor into con-
duction. For a class A amplifier, the forward
bias is approximately 0.2 V for all Ge transis-
tors or 0.6 V for all Si transistors. Zero volt-
age from emitter to base means no forward
bias. Then the transistor is cut off, without
any output current in the collector circuit.
The collector-base junction always has re-
verse voltage. This polarity is necessary to
prevent easy current in the direction from
collector to base. Actually, though, the
reverse voltage at the collector is the right
polarity to attract charges in the base sup-
plied by the emitter. The amount of reverse
collector voltage is about 3 to 20 V for small,
signal transistors and up to 200 V for power
transistors.

Base
(b)

CLIEE FIGURE 7-14 ELECTRODES AND SYM-

BOLS FOR JUNCTION TRANSISTORS. (a)
NPN, USING Si WITH FORWARD BIAS OF
0.6 V. (b) PNP, USING Ge WITH FORWARD
BIAS OF 0.2 V.

In comparing the operation of tubes with
transistors, a tube conducts with plate voltage
applied when the negative control grid bias is
less than cutoff. However, a transistor must be
made to conduct by applying forward bias. This
corresponds to heating the cathode in order to
produce the charges needed for conduction.

Transistor circuits. With tr.ree electrodes for a
PNP or NPN transistor there are three possible
circuit configurations. These depend on which
electrode is used as a common terminal for the
input and output signals. The circuits are:

1. Common-emitter (CE): input to the base and
output from the collector (Fig. 7-15a)

2. Common-base (CB): input to the emitter and
output from the collector (Fig. 7-15b)
3. Common-collector (CC): input to the base

and output from the emitter (Fig. 7-15c¢)

Note that in all the amplifiers, the elec-
trode for signal output has the load resistance
R,. Also, the common terminal is shown
grounded, but this can be just a common return



Signal out

R

B+

Signal out

Signal in
(a)
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B+
Signal out

Signal in
Signal
out
Signal out

Signal in

Signal
cut

(c)

FIGURE 7-15 TRANSISTOR AMPLIFIERS AND THEIR CORRESPONDING VACUUM TUBE
CIRCUITS. NPN TRANSISTORS SHOWN. (a) COMMON-EMITTER (CE) AND GROUNDED
CATHODE. (b) COMMON-BASE (CB) AND GROUNDED GRID. (¢) COMMON-COLLECTOR (CC)

OR EMITTER-FOLLOWER AND CATHODE-FOLLOWER.

connection without chassis ground. Further-
more, the ground return need not be a dc con-
nection. A bypass capacitor can provide an ac
ground for signal, even when the electrode has a
dcpotential. The circuitis named for the common
electrode, which is the one that does not have any
input or output signal voltage.

The common-emitter circuit is the one
used generally for amplifiers. It has the best
combination of voltage gain and current gain.

The common-collector circuit is called an
emitter-follower, corresponding to the cathode-
foltower circuit with vacuum tubes. This circuit
is used for impedance matching because of its
high input resistance and low output resistance.
The voltage gain is less than 1, but the stage has
current gain. Two emitter-followers in cascade
are called a Darlington pair. The two stages are
usually dc-coupled and packaged in one unit.

Figure 7-16 shows more details of the CE
circuit, using a silicon NPN transistor. The posi-
tive 28-V supply is used for reverse voltage on

the N collector. R, is the collector load The
collector voltage V. is 12 V because the /R, volt-
age drop is 16 V. In the base circuit, R, and R,
form a voltage divider to supply positive fcrward
bias. In the emitter leg, R, has a voltage drop of
1V produced by /.. The net base-emitter bias is

FIGURE 7-16 TYPICAL COMMON-EMITTER (CE) AMPLIFIER
CIRCUIT.
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1.6 — 1.0 =0.6 V for the Si transistor, positive at
the P base.

The emitter resistance R, is used to
stabilize the CE amplifier against thermal run-
away, where /. can become excessive if the
forward bias is increased because of reverse
leakage current. Note that the common terminal
for input and output signals is the emitter, al-
though it is not directly grounded.

The signal input is applied to the base in
the CE stage, with amplified voltage output from
the collector. With an R, of 3 k{2, a typical volt-
age gain is 100. The input resistance of the CE
stage is 1 k2 with an output resistance of 50 k(2,
approximately. The amplified output signal volt-
age has inverted polarity, compared with the
input. The CB and CC circuits do not invert the
polarity.

as a platform on which the channel and gate
electrodes are diffused. The source and drain
are just ohmic connections at opposite ends of
the channel. When voltage is applied between
the drain and source, the current through the
channel is controlled by the gate electrode. The
channel can be either N-type or P-type, but cur-
rent flows only from source to drain. The FET is
a unipolar device, as the charge carriers in the
conducting path through the channel have only
one polarity. In summary, the FET electrodes
are as follows:

Source. The source is the terminal where
charge carriers enter the channel bar to
provide current. The source corresponds
to the emitter. The substrate is usually
connected internally to the source.

Drain. Thisis the terminal where current leaves
Field-effect transistor (FET). Field-effect tran- the channel. The drain corresponds to
sistors are used as amplifiers, like junction tran- the collector.
sistors, but the FET construction is different. Gate. This electrode controls the conductance
The purpose is to eliminate the problems of low of the channel to vary the current from
input resistance with forward bias and leakage source to drain. Input signal voltage is
current from reverse collector voltage. The FET usually applied to the gate. This corre-
provides very high input resistance, in megohms. sponds to the base.
Also, the FET can take input signal in the order In a FET, gate voltage controls the
of volts, compared with less than 0.1 V for junc- electric field in the channel, while base
tion transistors. current controls the collector current in a
In Fig. 7-17, the bulk or substrate material bipolar transistor. Actually, the gate func-
is neutral or lightly doped. This part only serves tion is more similar to the control grid in a
N channel
Source Gate Oxide insulation Drain Drain
Substrate Gate 2 Substrate
Gate or bulk Gate 1 or bulk
Substrate or bulk
Source Source

(a) (b)

(c)

FIGURE 7-17 FIELD-EFFECT TRANSISTOR (FET) WITH INSULATED GATE. (a) CONSTRUC-

TION. (b) SYMBOL. (c) DOUBLE-GATE.
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TABLE 7-4 COMPARISON OF TRANSISTORS AND VACUUM TUBES

‘ JUNCTION FIELD-EFFECT
VACUUM TUBE TRANSISTOR TRANSISTOR
Source of Cathode Emitter Source
charges
Control of Control grid Base Gate
charges
Collector of Plate or anode Collector Drain
charges
Amplifier Grounded cathode Common emitter Common source
type
Amplifier Grounded grid Common base Common gate
type
Follower Cathode-foliower Emitter-follower Source-follower
circuit

vacuum tube. These comparisons of
junction transistors, field-effect transis-
tors, and vacuum tube amplifiers are
listed in Table 7-4.

The FET in Fig. 7-17 is the insulated-gate
(IGFET) type, with one gate in b or dual gates in
c. This is also called a metal-oxide semicon-
ductor FET, or MOSFET. When the channel
can conduct with zero gate bias, the FET is the
depletion type. The enhancement type requires
a gate bias of about 3 V. In schematic symbols,
the depletion type has a solid channel bar, as in
Fig. 7-17. For the enhancement type the chan-
nel line is shown broken by the D, B, and S elec-
trodes. Another type is the JFET, which uses a
PN junction with reverse bias for the gate elec-
trode. The insulated-gate types of FET require a
metal shorting ring for the gate while it is out of
the circuit, in order to prevent accumulation of
static charge. Or, they may have internal protec-
tive diodes.

Transistor characteristics. For junction tran-
sistors, the ratio /.//4 is called beta (8). As an ex-
ample, with an /. of 50 mA and /, of 1 mA, the beta

is */, = 50. Typical values of 8 are 20 to 200.
The beta value is the current amplification factor
in the common-emitter circuit.

For the common-base circuit, the ratio
lo/ig is used, which is alpha (a). As an example
with an /.- of 50 mA and an /. of 51 mA, the alpha
is*/s, = 0.98. Alphais always less than 1 because
lc must be less than /.

For field-effect transistors, g,, is the mutu-
al transconductance between gate and drain,
defined as /,/E,,. As an example, with a drain
current of 6 mA and gate voltage of 1V, the g,, is
6 V/1 mA = 0.006 mho or 6,000 umhos.

These values of 8, a, and g,, are static or
dc values. When small changesiniore are con-
sidered for signal variations, the characteristics
are dynamic or ac values.

Type numbers. PNP and NPN triode transis-
tors are numbered 2N, as in 2N1613. The "N is
for a semiconductor, and the prefix number 2 is
the number of junctions used. Semiconductor
diodes are numbered 1N, as in 1N4785. Field-ef-
fect transistors are numbered 3N, as in 3N128.
This system is for semiconductors registered
with the EIA. Foreign transistors are often num-
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Cathode K G(short lead)

Gate

N
P
N
P
Anode I A(case)

(a) (b)

FIGURE 7-18 SILICON CONTROLLED RECTIFIER OR SCR.

(a) CONSTRUCTION. (b) SYMBOL.

bered 2SA for PNP or 2SC for NPN types. A rec-
tifier stack with diodes in series may have the
prefix “CR’ as in CR4.

Small-signal transistors are rated at 150
mW, with collector current of 1 mA, approxi-
mately. These are practically all silicon, NPN
transistors, in a plastic case. Power transistors,
rated at 1, 5, 25 W, or more, are often silicon NPN
or germanium PNP. These are in a metal case,
or the plastic case has a metal heat sink con-
nected to the collector to radiate heat. With a
metal case, the collector is usually connected in-
ternally to the case to dissipate heat. When the
collector is not at chassis ground potential, a
mica insulating washer must be used. This
washer is coated with a thermal grease for better
heat transfer.

Remember that all Si junction transistors,
large or small, take a typical forward bias of 0.6 V
with 0.2 V used for Ge. The ac signal swirg is
+0.1 V or less. Small transistors are often sol-
dered into the socket instead of using a socket.
The reason is that oxidation at the socket con-
nections can affect the very small base-emitter
voltage.

Silicon controlled rectifier (SCR). As showr: in
Fig. 7-18, the SCR is a four-layer device used as
asilicon rectifier. However, the start of conduc-
tion is controlled by a gate electrode. When
forward voltage is applied between cathode and

Terminal 1 Gate Terminal 10 Gate
N

P

N

: g
P‘F

Terminal 2 O Terminal 2

(a) (b)
FIGURE 7-19 TRIAC. (a) CONSTRUCTION. (b) SYMBOL.

anode, in series with an external load, no
appreciable load current can flow until the bar-
rier voltage at the gate-cathode junction is over-
come. This internal reverse bias at the gate is
about 0.7 V.

Thyristors. This is the general name for semi-
conductors that are controlled rectifiers like the
SCR. The characteristics are similar to thyratron
gas tubes. The main types of thyristors are the
SCR, triac, diac, and unijunction transistor
(UJT). The SCR and triac are specific types in the
general class of four-layer devices that can serve
as gate-controlled switches (GCS).

As shown in Fig. 7-19, the triac construc-
tion enables the thyristor to conduct for either
polarity of load voltage in the main circuit. Also,
the gate can trigger the triac for positive or neg-
ative voltage. The diac in Fig. 7-20 is also

Terminal 1 I

P
N
P

Terminal 2 I

(a) (b)
FIGURE 7-20 DIAC. (a) CONSTRUCTION. (b) SYMBOL.




Base 1
P emitter 0—4§ b’:r

Base 2

(a) (b)

FIGURE 7-21 UNIJUNCTION TRANSISTOR (UJT). (a) CON-
STRUCTION. (b} SYMBOL.

bidirectional, but it does not have a gate. In
many applications the diac is used to provide
pulses for triggering a triac. The unijunction
transistor in Fig. 7-21 is a bipolar PNP transistor
but with two connections to the base. One of the
base connections is used as a gate trigger.

Semiconductor diode rectifiers. A diode is just
a PN junction. Since it conducts only in one di-
rection, the diode is a simple, efficient rectifier.
Generally Si is used for power-supply rectifiers,
with Ge for signal detectors. A detectorisjusta
low-power rectifier circuit for a few volts of ac
signal. Additional types of solid-state diodes
include copper oxide and selenium used as me-
tallic rectifiers.

The standard symbol for a semiconductor
diode is a bar and arrow for the PN junction,
showing the direction of hole current (Fig.
7-22). This symbol is often marked on the diode.

Hole current

—

P_,N
o 4’%

Anode  Cathode
ac Positive
input dc output

(¢ 0

.

|
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If not, a dot, band, or any mark at one end in-
dicates the cathode side.

Zener* diodes. These are silicon diodes de-
signed for a specific value of reverse breakdown
voltage, which is generally 3.9 V to 27 V. Heavy
doping is used to allow appreciable reverse cur-
rent. For the zener breakdown voltage and a
wide range of higher voltages, the reverse volt-
age across the diode remains relatively constant
at the zener value. This characteristic makes the
diode useful as a voltage regulator. Zener
diodes are also called voltage-reference diodes
and avalanche diodes, as the relatively large
reverse current can be considered an avalanche
current. The diode is not damaged, however, as-
suming the reverse current is within the power
rating.

Since the diode is a PN junction, reverse
voltage is applied as positive voltage at the N-
cathode side. The reverse characteristic is used
because higher voltages can be applied, com-
pared with forward voltage.

Figure 7-23 shows a voltage regulator cir-
cuit with the zener diode to mainta n a constant
12-Voutput across theload R,. Thedc input volt-

*‘Named after C. A. Zener, a physicist who analyzed
voltage breakdown of insulators.

FIGURE 7-22 SEMICONDUCTOR DIODE REC-
TIFIER. (a) CIRCUIT. (b) TYPICAL DIODES, AC-
TUAL SIZE. PELLET AT LEFT, HIGH-HAT AND
TUBULAR TYPES. RATED 3A AND PIV OF

(b) 1,000 V.
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+l—/\/;? ,—. Zener

Ege Reverse *| Jiode
14-20V voltage 4 1212

1

O o———0

\' §R,

FIGURE 7-23 CIRCUIT WITH ZENER DIODE TO STABILIZE
OUTPUT VOLTAGE ACROSS R,.

age of 14 to 20V is enough to keep the zener
diode in conduction. The series resistance R
limits the current to values within the power rat-
ing. Note that the polarity of the input is positive
at the N side of the diode for reverse voltage.
Since the diode is in parallel with R,, the voltage
across both is constant at 12 V.,

Varactor diodes. A PN junction with reverse
bias is actually a capacitor. The P and N elec-
trodes are the two conductor plates, on both
sides of the depletion zone within the junction.
This area serves as an insulator because it has
no free charges. C may be 20 pF with reverse
biasof 4 V, for typical values. Most important, C
changes with the amount of reverse bias. Semi-
conductor diodes made for this application of a
variable capacitance controlled by a dc voltage
are varactors or varicaps. The varactor capaci-
tance decreases with more reverse voltage.

The block diagram in Fig. 7-24 illustrates
how the varactor is used for electronic tuning.
As part of the LC circuit, the varactor capaci-
tance C, tunes the rf oscillator to resonance at
113 MHz. However, when C,. is varied by con-
trolling its reverse voltage, the oscillator
frequency changes.

Integrated circuit (IC). Transistor chips are
small, but their use as discrete components with
separate resistors, capacitors, and inductors
makes the complete circuit relatively large. As

lo)

f, = 113MHz Dc

control
Rf voltage

oscillator

L

FIGURE 7-24 CIRCUIT WITH VARACTOR DIODE TO TUNE
RF OSCILLATOR TO 113 MHz.

an IC example, Fig. 7-25 shows a transistor,
resistor, and capacitor on a single wafer. Induc-
tors are not integrated because they take too
much space. Transistors and diodes are the
easiest components to integrate. Resistors are
not precise, but the circuits are designed to
depend on ratios of resistances rather than
absolute values. Field-effect transistors also are
easily integrated.

In Fig. 7-25a, the layers at the left form an
NPN transistor. Note that the collector has a
reverse NP junction with the wafer to isolate the
transistor. In the middle section, the resistance
between the two ohmic contacts of the P materi-
al is determined by the length and width of the

C
T e
B
(b) (c)

FIGURE 7-25 INTEGRATED CIRCUIT. (a) CONSTRUCTION.
(b) SCHEMATIC. (¢) SYMBOL FOR /C AMPLIFIER UNIT
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FIGURE 7-26 PIN CONNECTIONS FOR /C PACKAGES. DOT ATPIN 1. (a) 16-PINDIP. THIS IS
TO-116 CASE. (b) 10-PIN TO-5. (c} 10-PIN CERAMIC FLAT PACK. THIS IS TO-91 CASE.

strip. C at the right is the capacitance across the
reverse-biased junction of the N material to the
P wafer. Some areas may need very heavy dop-
ing, indicated as N+ or P+. The schematic
diagram of this integrated circuit is shown in b,
while the symbol in ¢ is the general form for an
IC amplifier.

Three popular types of IC packages are
shown in Fig. 7-26. Common applications in the
television receiver include the picture IF amplifi-
er section with video detector, 4.5-MHz sound IF
amplifier with FM audio detector, and 3.58-MHz
chroma amplifier with color demodulators.

Special diodes. Schematic symbols are
shown in Fig. 7-27 for additional types of semi-
conductor diodes. In a is the tunnel diode, or
Esaki diode, named after the man who discov-
ered that heavy doping can cause a tunneling ef-
fect of charge carriers through the depletion
zone at the junction. Because of its negative
resistance characteristic, the tunnel diode can
be used as an amplifier or oscillator at micro-
wave frequencies.

The light-emitting diode (LED) in b radi-
ates light when forward voltage is applied. For
greater efficiency, special materials such as
gallium arsenide are used. Since the diodes are

very small, they can be arranged to display
numbers and letters. The experimental flat “wall
screen,” instead of a picture tube, is made of
light-emitter diodes.

The photoconductive diode in ¢ is made
of a photosensitive material, such as cadmium
sulfide. Its resistance decreases with more light.
The applications include many light-control
devices, including automatic control of bright-
ness in the television picture according to the
ambient light in the room.

Two additional diodes without special
symbols are the hot-carrier diode and compen-
sating diodes. These have compensating tem-
perature characteristics for bias stabilization in
transistor circuits. The hot-carrier diode uses a
metal-to-semiconductor junction, such as cop-

” 5

(a) (b) (c) (d)

FIGURE 7-27 SCHEMATIC SYMBOLS FOR (a) TUNNEL
DIODE; (b) LIGHT-EMITTING DIODE (LED}); (c) PHOTOSENSI-
TIVE DIODE; (d) TEMPERATURE-SENSITIVE DIODE.
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per to N-silicon. This is used as a signal diode
rectifier with better high-frequency response
than conventional diodes. One possible appli-
cation is the video detector.

Protective devices. These include varistors
and thermistors. A thermistor (Fig. 7-28a)
decreases its resistance with temperature. A
varistor (Fig. 7-28b and ¢) decreases its resist-
ance with higher voltage. The varistor is also
called a voltage-dependent resistor (VDR).

The collector often has a varistor to pro-
tect against voltage pulses that have too much
amplitude. As an example, a varistor rated for
70-V peak value can clamp voltage spikes at this
value, in either polarity. Also, a diode rectifier
can be connected in the collector circuit to
isolate the wrong polarity of collector voltage
caused by transient voltage surges.

7-9 Special Components

The following list includes special types of
capacitors and inductors often used in television
receivers.

Ferrite beads. As shown in Fig. 7-29, a bare
wire is used as a string for one or more ferrite
beads. The wire may be a connection between
terminals or one lead from a component. A fer-

t° v

(a) (b) (c)
FIGURE 7-28 SCHEMATIC SYMBOLS FOR (a) THERMIS-
TOR: (b) SILICON CARBIDE VARISTOR; (c) DUAL-DIODE SILI-
CON VARISTOR.

Ferrite bead
Bare wire (’j j

—l3/8in.f—

FIGURE 7-29 FERRITE BEAD USED AS RF CHOKE.

rite is a ceramic material that is magnetic like
iron, but the ferrites are insulators. They are
generally used for the core in IF and rf coils
because the high resistance reduces eddy cur-
rents. A ferrite bead on a wire serves as a
simple, economical rf choke. The dc resistance
is zero because there is no coil. Also, there is no
radiation. The ferrite beads are also considered
as noise suppressors or inductance multipliers.
They are commonly used in the heater line with
tubes, or in the rf, IF, and video circuits for
decoupling, shielding, and suppression of para-
sitic oscillations. As a typical value, a single
bead on a 1-in. length of No. 22 wire has an in-
ductance of 300 uH at 100 MHz.

Spark-gap capacitors. These combine the
functions of a bypass capacitor and spark gap.
They are generally used at the electrodes of a
color picture tube, especially in transistorized
receivers. The purpose of the spark gap is to
bypass any arc produced in the picture tube, to
prevent damage to the transistor amplifiers by
voltage surges. The gap capacitor or snap
capacitor is often constructed as a flat ceramic
with a slit at the top for the spark gap.

Neon bulbs. As a gas tube, a neon bulb has
high resistance until the striking voltage of
about 90 Vionizes the bulb to make it a short cir-
cuit. Therefore, a neon bulb can also be used as
a spark-gap protective device for the picture
tube electrodes.



Bipolar electrolytic capacitors. This type con-
sists of two electrolytics connected internally in
series-opposition. Then the bipolar capacitor
can be used in either polarity. However, the
capacitance is cut one-half.

Electrolytic filter capacitors. For transistors,
the filter capacitance is usually very high, with a
low dc working voltage, compared with tube-
type receivers. Typical values are 500 to 2,000
uF, at 50 V.

Electrolytic coupling capacitors. In audio and
video circuits, for good low-frequency response,
transistor amplifiers use 5- to 10-uF electrolytic
capacitors. Large values of capacitors are
needed with low resistance.

7-10 Printed-Wiring
Boards

Whether tubes or transistors are used, all re-
ceivers now have printed wiring, instead of the
old hand-wired method with individual solder
connections. The components are inserted by
machine into small metal holes or “'eyelets,” and
all connections are made at once by dip-solder-

FIGURE 7-30 SET OF THREE VARIABLE RESISTORS FOR
SETUP CONTROLS ON PRINTED-WIRING BOARD. HEIGHT IS
%, IN. (CENTRALAB)
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ing. Figure 7-30 shows variable resistors with
leads that fit into the eyelet connections.

Some components have metal prongs
about 1 in. long, which are used for wire
wraparound connections. This arrangement is
called a stake. It provides a convenient point for
connecting test equipment to the board.

Smalier boards for individual circuits are
called modules. These have pin connections
that plug into the main chassis, or spring clips,
to hold the board in place. The board must be
tight. Sometimes oxidation of the contacts
causes intermittent connections. If it is neces-
sary, the entire board can easily be replaced.

The following techniques can be helpful
when working on a printed board:

1. Use a small soldering iron, of about 25 W, to
prevent heat from lifting the printed wiring
off the board or loosening the eyelet con-
nections.

2. With IC units, a very thin tip is needed
because of the close spacing of pins. You
can wrap a piece of No. 12 wire around the
tip of the iron and use the wire tip.

3. When soldering a semiconductor compo-
nent, hold the lead with long-nose pliers, or
connect an alligator clip. This conducts
heat away to prevent damage to the junc-
tion.

4. When soldering field-effect transistors, the
leads and the soldering iron should be
grounded. The reason is that the gate elec-
trode can accumulate static charge.

5. Resistors and capacitors can often be re-
placed without disturbing the printed wiring.
Just break the old component in the middle,
with diagonal-cutting pliers. Then solder
the new component to the old leads.

6. Acrack inthe printed wiring can be repaired
by soldering a piece of bare wire over the
open.
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7. If a larger section of printed wiring is dam-
aged, you can bridge the open with a length
of hookup wire soldered at two convenient
end terminals.

8. You can see the printed wiring more clearly
by placing a bright light at one side of the
board and looking through the opposite
side.

To remove components from the eyelet
connections, either of the following methods is
generally used, working from the printed side of
the board: (1) Use a “'solder sucker’ tool, which
acts as a vacuum to pull up the solder after it is
melted. (2) Use a piece of wire braid, such as a
grounding strap, to pull up the moiten solder by
capillary action. Some solder paste on the braid
helps attract the solder.

The desoldered eyelet connections must
be cleaned of all solder so that the component
practically falls out. Otherwise, the printed wir-
ing can be damaged in removing the compo-
nent.

When any semiconductor board, module,
IC, or transistor is moved in or out of its socket,
the power should be off. Also, discharge the dc
voltage supply. These precautions are neces-
sary because a transient pulse of voltage pro-
duced by the circuit change can damage the
semiconductor. A typical module board is
shown in Fig. 7-31.

7-11 Localizing
Receiver Troubles
to One Section

We can use four indicators: the sound, raster,
picture, and color in the picture for color re-
ceivers. Several examples are now analyzed to

"‘v.
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FIGURE 7-31 MODULE BOARD FOR COLOR DEMODULA-
TOR CIRCUITS. WIDTH IS 3 IN. (ZENITH RAD!O CORPORA-
TION)

illustrate how the receiver itself indicates where
the trouble is. These troubles are based on the
block diagram in Fig. 7-2 for a monochrome
receiver.

No raster, with normal sound. Since the sound
is normal, the receiver has ac power input, and
the low-voltage supply is operating. Assuming
that the heater of the picture tube is lit, the trou-
ble of no brightness is usually the result of no
anode voltage from the high-voltage supply.
Remember that the horizontal deflection circuits
must be operating to produce flyback high volt-
age.

No picture and no sound, with normal ras-
ter. This trouble is in the signal circuits,



before the sound takeoff point, because both the
picture and sound are affected. The circuits
common to the picture and sound signals are
the rf section, IF amplifier, second detector, and
AGC circuit.

Itis useful to seeif there is snow in the ras-
ter. Snow is receiver noise generated in the
mixer stage. No picture with a snowy raster in-
dicates the trouble is in the rf amplifier or an-
tenna circuits, as the snow from the mixer stage
is coming through.

No picture, with normal raster and normal
sound. In the signal circuits, all the stages
operating on the sound signal must be normal.
The one section in Fig. 7-2 operating only on
signal for the picture tube is the video amplifier.
Therefore, the trouble must be in this stage.

No sound, with normal raster and normal pic-
ture. The trouble must be in the sound circuits,
after the sound takeoff point, because only the
sound is affected. This includes the 4.5-MHz
soundtakeoffcircuit, the4.5-MHz sound IF ampli-
fier,the 4.5-MHz FM detector, the audio amplifier,
and the loudspeaker.

Only a horizontal line on the screen. The hori-
zontal deflection circuits are producing the hori-
zontal line on the picture tube screen and high
voltage for brightness. Only vertical deflection is
missing. Therefore, the trouble mustbein the ver-
tical deflection section of the raster circuits,
which includes the vertical deflection oscillator
and the vertical output stage.

No raster and no sound. The screen is com-
pletely black, withoutillumination, andthereis no
sound. This trouble means the raster circuits and
signal circuits are not operating. The defect is
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likely to be in the low-voltage power supply, since
this section affects both the raster and the signal.
A common trouble is an open heater in a series
string.

7-12  Multiple Troubles

Usually only one defect occurs at a time, but the
circuit arrangement can cause multiple effects.
The most common examples are series heaters,
multiple tubes, flyback high voltage, a common
voltage supply, and the AGC circuit.

Series heaters. When the tube heaters aie in a
series string, an open in any one heater means
that none of the tubes in the string can light. If
the receiver has all tubes in one string, the re-
ceiver will be completely dead, without any ras-
ter, picture, or sound because all the tubes are
cold, including the picture tube.

Muiltiple tubes. As an example, the pentode
section of the 6AN8 may be a common IF ampli-
fier, while the triode is used for the vertical os-
cillator. Then an open heater in this 6ANS
results in no vertical deflection and no picture or
sound.

Common dc voltage lines. In many receivers,
the picture IF amplifier tubes obtain plate supply
voltage through the audio output stage. In ef-
fect, the IF section is in series with the audio am-
plifier for dc supply voltage. As a resuit, the
audio output stage affects the IF amplifier. If the
audio tube does not conduct, there will be no
supply voltage for the IF section, resulting in no
picture and no sound.
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Another example of stages related for dc
voltage often occurs in hybrid receivers. In
these circuits, the transistor amplifiers can ob-
tain the collector supply voltage of about 12 V
from the control grid or cathode of the horizontal
output tube.

AGC troubles. The AGC circuit affects both
picture and sound by controlling the bias of the
rf and picture IF amplifiers. When an AGC am-
plifier tube is used, the AGC trouble can produce
a reversed picture, out of sync, with buzz in the
sound, caused by overload distortion.

7-13 Safety Features

In all television receivers the ac line cord is dis-
connected when the back cover is removed. To
operate the receiver with the back cover off, a
“cheater cord” is used to fit the male socket on
the chassis. The ac-dc type of receiver has a
polarized line plug, where the large prong con-
nects to the grounded side of the ac power line.
This requires the polarized type of a cheater
cord.

To check which side of the outlet is
grounded, you can use a neon-bulb tester or ac
voltmeter. From the low side of the outlet to any
metal path to earth ground, the ac voltage
should be zero, and the neon bulb does not
light.

The capacitor of about 0.04 uF as an rf
filter across the ac power line is a special
nonshorting type. This capacitor should not be
replaced with a conventional capacitor.

In addition to the ac interlock for the back
cover, the B supply is usually opened when the
yoke plug or convergence plug is disconnected.

When servicing a receiver that is not

isolated from the power line, it is important to
use an isolation transformer. This safety feature
prevents a possible short circuit when using
line-connected test equipment on the receiver.

The fuses in a television receiver are
designed to prevent fire hazard. Do not use
larger values and never jump a fuse. Fusible
resistors are designed to open with excessive
current. These should not be replaced by a
conventional resistor. When you are changing
wire-fuse links, the replacement must be the
exact gage number and length or else the wire
fuse will not have the same current rating. A
wire-fuse link is often in a sleeve of insulating
tubing to catch any drippings, should the fuse
melt with an overload. For wired-in fuses, do
not mount clips on top for a replacement fuse,
as the added weight can move the connections
to cause a short circuit.

The high-voltage rectifier for anode volt-
age is usually in a metal cage as protection
against shock hazard and x-radiation. The cover
should always be replaced after working in the
cage. In some receivers the high-voltage con-
nection to the top cap of the rectifier is open
unless the shield cover is in place.

All the metal shields or fish-paper insula-
tors should be inplace. The metal shields reduce
radiationofsignal frequencies between circuits in
thereceiver, to preventinterferenceinthe picture.
Besidesinsulation, thefish-paper separators help
reduce x-radiation.

The lead dress should be kept the same
for several reasons. High-voltage leads must be
placed to prevent arcing. Leads with high-
frequency signals can produce feedback or
crosstalk that causes interference in the picture.
In some cases the leads to the picture tube are
dressed with specific spacings to serve as spark-
gap protection. Always make sure that no wire is
touching a hot component, such as a power



tube, where the lead may become hot enough to
burn.

HEW®* requires that the receiver not be
able to produce a viewable picture when the
anode voltage for the picture tube may produce
x-radiation. In some receivers, the horizontal
oscillator is disabled, resulting in no brightness,
when the high voltage exceeds the limiting value
of approximately 25 kV. Or, the horizontal syn-
chronization may be removed to produce a pic-
ture that is torn apart in diagonal segments.

For ac-dc receivers without a power
transformer, the following procedures are rec-
ommended to test for leakage current that can
cause a shock hazard at exposed metal parts of
the receiver.

Leakage current cold check. Disconnect plug
from outlet and place a jumper across the two
prongs. Turn the receiver switch on. Use an
ohmmeter to check from the shorted plug to
exposed metal parts such as the antenna han-
dle, control shafts, and metal overlays and
mounting screws. Any exposed metal parts that
have a return path to chassis should read 2.2 to
3.3 M(). Those parts without a return path to

*U.S. Department of Health, Education, and Welfare.

SUMMARY
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ac
voltmeter
0.15 uF
To _
exposed metal Jy_m' Water pipe
rts of (earth
= 1,500 0, 10W ground)

receiver

FIGURE 7-32 CONNECTIONS FOR TESTING LEAKAGE
CURRENT FROM AC LINE ON RECEIVER WITHOUT A POWER
TRANSFORMER.

chassis should read infinite ohms for an open
circuit.

Leakage current hot check. Plugline cord into
ac outlet and turn receiver on. Connect a
1,500-1) resistor and 0.15-uF capacitor in paral-
lel. as shown in Fig. 7-32. Using long clip leads,
put this combination in series between earth
ground and exposed metal parts of the receiver.
Measure the ac voltage across the RC combina-
tion. Do this with the ac plug connected in both
polarities, if the plug is not polarized. The ac
voltage measured across R and C must not
exceed 0.35 V, rms value. Use a portable volt-
meter, not plugged into the power line.

The functions for all stages in the block diagram of Fig. 7-2 are summarized in Table
7-5. The signal stages are listed first, followed by the raster circuits and power
supplies. The double lines across the table indicate separate sections. Note the fol-
lowing abbreviations: P for picture signal, S for sound signal, and /C for integrated
circuit. Although 6-V tubes are listed, different heater ratings are used for series
strings. The color section is not included, as these circuits are explained in Chap. 9.
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TABLE 7-5 FUNCTIONS OF STAGES IN THE TELEVISION RECEIVER

STAGE INPUT SIGNAL OUTPUT SIGNAL COMMON TUBES NOTES
VHF rf Rf P and S from Amplified rf P and 6CW4 and 6DV4 Low noise
amplifier antenna S for VHF mixer nuvistor triodes, for no snow
6CYS5, transistor
VHF rf local None Beats with rf P and 6EA8 and 6KZ8 Combined with
oscillator S in VHF mixer triode-pentodes, VHF mixer; tunes
transistor 45.75 MHz above P
VHF mixer Rf P and S plus IF P and S to com- 6EA8 and 6KZ8 Converter or first
VHF oscillator mon IF amplifier triode-pentodes, detector on VHF;
output; or IF P and transistor IF amplifier on
S from UHF mixer UHF
UHF rf local None Beats with rf P and Transistor Tunes 45.75 MHz
oscillator S in UHF mixer above P
UHF mixer Rf P and S from 45.75-MHz P and Crystal diode Feeds VHF tuner;
antenna for UHF, 41.25-MHz S to VHF for low noise may have »
plus UHF oscillator tuner as IF amplifier UHF rf amplifier
output
Picture IF or IF P and S from Amplified IF P and 6BZ6, 6EH7, 6JH6 Two to four stages
video IF VHF mixer S for video detector pentodes, transistors, tuned for 45.75-MHz
section oriIC P and 41.25-MHz S
Video Amplified IF P and Composite video Crystal diode Picture detector
detector S from IF amplifier signal, 3.58-MHz C, or second detector
45-MHz S B
Sound IF 4.5-MHz second Amplified 4.5-MHz S 6EH7 or IC Always tuned
amplifier sound IF signal for FM detector to 4.5 MHz
FM sound Amplified 4.5-MHz Audio signal to 6DT6, crystal Quadrature-grid
detector intercarrier S audio amplifier diodes, or IC tube or ratio
detector with
two diodes
Audio section  Audio signal Audio power output 6BQ5, transistors One or two
from FM detector for loudspeaker stages
Video Composite video Amplified video 6CLS6, transistors Also Y video
amplifier signal from signal for ampilifier in

video detector

picture tube

color receivers
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TABLE 7-5 FUNCTIONS OF STAGES IN THE TELEVISION RECEIVER (Continued)

STAGE INPUT SIGNAL OUTPUT SIGNAL COMMON TUBES NOTES
Sync Composite video H and V sync for 6BY6, transistor Clips and amplifies
separator from video amplifier deflection circuits deflection sync pulses
Vertical 60-Hz V sync pulses 60-Hz defiection 6DR7 double-triode, Output with or
oscillator voltage to drive or transistors without sync
V amplifier input
Vertical 60-Hz deflection 60-Hz sawtooth 6DR7 double-triode, Often combined
amplifier voltage from current in V coils or transistors with V oscillator
V oscillator of yoke
Horizontal 15,750-Hz H sync Dc control voltage Two diodes Holds H
AFC pulses for H oscillator as phase detector scanning frequency
Horizontal Dc control voltage 15,750-Hz deflection 6CG7, 6GH8, or Qutput with or
oscillator from AFC circuit voltage to drive transistors without dc
H amplifier control voltage
Horizontal 15,750-Hz deflection 15,750-Hz sawtooth 6DQ6, 6JE6, power Also supplies ac
amplifier voltage from H current in H coils transistor, or SCR input to HV
oscillator of deflection yoke rectifier and damper
Damper H deflection voltage Rectified deflection 6AU4, 6W4, 6BH3, Dc output added
at 15,750 Hz voltage and 6CT3 diodes, or for boosted B+
silicon diode voltage
High-voltage H flyback pulses Dc high voltage for 1B3, 1K3/1J3, 1X2, Needs H output
rectifier at 15,750 Hz stepped anode of 2BJ2, 3A3, and 3CA3 for operation
up to 15 to 25 kV. picture tube tubes, or silicon diode
Low-voltage Ac power from Plate voltage and Silicon diodes May be ac supgly
supply 120-V main line heater power for or transformerless
tubes; collector or type; heaters may

drain voltage for be parallel or series

transistors
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Seltf-Examination (Answers at back of book)

Part A Match the functions listed at the left with the circuits at the right.

1. Anode voltage for CRT (a) Horizontal amplifier
2. Height of raster (b) Video amplifier
3. Width of raster (c) Dc bias on picture tube
4. Contrast of picture (d) High-voltage rectifier
5. Brightness of picture (e) Vertical amplifier
Part B Match the troubles listed at the left with the circuits at the right. Assume single troubles
without multiple effects, for the receiver in Fig. 7-2.
1. No picture, no sound, (a) Vertical oscillator
no raster
2. One bright line across (b) Rf amplifier
center of screen
3. Snowy picture, with (c) 4.5-MHz IF amplifier
good antenna signal
4. No sound, but picture (d) Common IF amplifier
is normal
5. No brightness, but sound (e) Horizontal AFC
is normal
6. Picture in diagonal bars, (f) Low-voltage rectifier
out of sync
7. No picture, but raster (g) Horizontal amplifier
and sound are normal
8. No picture, no sound, (h) Video amplifier
but raster is normal
Part C Match the controls at the left with the functions at the right.
1. Fine tuning (a) Tunes rf, oscillator, and
mixer stages
2. Volume (b) Varies frequency of
oscillator in tuner
3. Contrast (c) Gain or level for audio
signal
4. Brightness (d) Gain or level for video
signal
5. Station selector (e) Dc bias for picture tube

Part D For semiconductor devices, answer true or false for the following statements.

1. Silicon NPN transistors are generally used for rf and IF amplifiers.

2. Any silicon junction transistor has a forward bias of approximately 0.6 V as a
class A amplifier.
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The collector always has reverse voltage.

An NPN transistor takes negative collector voltage for reverse bias.

A junction transistor with zero forward bias will not conduct collector current.
The common-collector (CC) circuit is similar to a cathode-follower.

The field-effect transistor has very low input resistance, compared with junction
transistors.

Zener diodes are used for voltage regulation.

A varactor is a capacitive diode.

The drain electrode in the FET corresponds to the plate in a vacuum tube.

Essay Questions

n

NOoO O AW

10.
11.
12.
13.
14.

15.

16.

Define the following: flyback high voltage, intercarrier sound, monochrome sig-
nal, and chrominance signal.

State the use for each of the following frequencies: 67.25, 71.75, 45.75, 42.17,
41.25, 4.5, and 3.58 MHz.

Give the function of the (a) antenna, (b) transmission line.

State the channel numbers tuned in by the (a) VHF tuner, (b) UHF tuner.

Give three functions of the composite video signal.

What is the advantage of intercarrier sound, compared with split sound?

In Fig. 7-2, why is the sync section included in the signal circuits and not in the
raster circuits?

Using all the stages listed in Table 7-5, classify the stages under the following
headings: picture and sound, picture alone, sound alone, synchronization, illumi-
nated raster.

List the circuits or stages for the following controls: station selector, fine tuning,
contrast, brightness, video peaking, V hold, H hold, AGC level, height, V linearity,
width, volume, tone, and buzz.

Where would you connect an oscilloscope to see the voltage waveshapes in Fig.
7-33a, b, and ¢?

Give two features of printed-circuit boards.

List three safety features of television receivers.

Name five types of semiconductor devices, and give their schematic symbols.
Define the following: NPN transistor, FET, JFET, IGFET, SCR, triac, zener diode,
and varactor.

(a) Name the three electrodes in PNP or NPN transistors corresponding to
cathode, grid, and plate in a triode tube. (b) Do the same as in a for a field-effect
transistor.

Draw the circuit of a common-source amplifier with a FET, corresponding to the
CE amplifier in Fig. 7-16.

137
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Clipped sync

T T
1 i =1 L

(a) (b) (c)
FIGURE 7-33 SEE QUESTION 10.

Problems

1. Calculate the oscillator frequencies for tuning in (a) channel 6, (b) channel 7, (c)
channel 13, (d) channel 14, (e) channel 83.

2. Calculate the difference frequency in each of the following pairs of frequencies:
(a) 83.25 and 87.75 MHz; (b) 175.25 and 179.75 MHz; (c¢) 45.75 and 41.25 MHz; (d)
83.25 and 86.83 MHz; (e) 45.75 and 42.17 MHz.

3. Draw ablock diagram of the monochrome receiver in Fig. 28-14 on a foldout page
in Chap. 28, without the rf tuner unit. Give tube type numbers for each stage.



Lolor
Television

A color picture is actually a monochrome picture on a white raster but with colors
added for the main parts of the scene. The required color information is in the
3.58-MHz chrominance (C) signal broadcast with the monochrome signal in the
standard 6-MHz television broadcast channei. To illustrate this idea of the colorin a
separate signal, you can turn down the color control at the receiver to eliminate the
color signal, and the resulit is a black-and-white picture. With the C signal, however,
the picture is reproduced in natural colors. Practically all colors can be produced as
combinations of red, green, and blue. A typical picture reproduced on the screen of a
tricolor picture tube is shown in color plate |. More details are explained in the follow-
ing topics:

8-1 Red, green, and blue video signals
8-2 Color addition
8-3 Definitions of color television terms
8-4 Encoding the 3.58-MHz C signal at the transmitter
8-5 Decoding the 3.58-MHz C signal at the receiver
8-6 The Y signal for luminance
8-7 Types of color video signals
8-8 The color sync burst
8-9 Hue phase angles
8-10 The colorplexed composite video signal
8-11 Desaturated colors with white
8-12 Color resolution and bandwidth
8-13 Color subcarrier frequency
8-14 Color television systems
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8-1 Red, Green, and
Blue Video Signals

The color television system begins and ends
with red, green, and blue color video signals
corresponding to the color information in the
scene. It is interesting to consider that, in televi-
sion, voltages correspond to colors. At the
transmitter, light of different colors is converted
to different video signal voltages. The picture
tube in the receiver converts the color video
voltages to their respective colors.

A color camera has different camera
tubes for red, green, and blue. The screen of the
color picture tube has red, green, and blue
phosphors to reproduce these colors from
the corresponding video signals. Furthermore,
video signal voltages can be combined to pro-
vide the same effect as mixing colors. As a
result, red, green, and blue with all their color
combinations, including white, are shown on the
screen of the color picture tube.

Color voltages. When the image is scanned in
the color camera, separate camera tubes are
used for each color, as illustrated in Fig. 8-1.
The red, green, and blue in the scene are sepa-
rated for the camera tubes by optical color
filters. As a result, the output from camera tube
1 is red (R) video signal with information for only
the red parts of the scene. Similarly, tubes 2 and
3 produce green (G) video signal and blue (B)
video signal.

In Fig. 8-2, the picture tube has three elec-
tron guns for the red, green, and blue phosphor
dots on the screen. Each gun has the usual
function of producing a beam of electrons, but
the beam excites only one color. The reason is
that the shadow mask has tiny holes aligned
with the dot trios. When the beams converge at
the proper angles, the electrons pass through
the mask and excite the color dots. The red gun

Camera tubes R video

Optical filters - signal
,,H'R(j U e

. » -
/’/ e G video
Color f:;(:f'“'ub'o:: signal
image 4\’___\_\_\__ Lo -
\\\ o N B video
Light \\H\B\(j 5 E signal

FIGURE 8-1 TELEVISING A SCENE TO OBTAIN R, G, AND B
VIDEO SIGNALS FOR RED, BLUE. AND GREEN COLORS IN
THE SCENE.

produces a red raster and picture on the screen;
the green gun and blue gun do the same for their
colors. If only one gun is working, you see just
one color. With all three guns operating, the
screen reproduces red, green, and blue and
their color mixtures. In fact, the white raster is
actually a combination of red, green, and blue.
Color dots are shown here, but the screen can
have vertical stripes of red, green, and blue
phosphors.

Encoding and decoding. |f we had closed-cir-
cuit television, the red, green, and blue video
signals would be the only information needed to
reproduce the picture. For broadcasting, how-
ever, these color signals are not compatible with
the monochrome television system for black-
and-white receivers. Therefore, the color video
signals are encoded by combining them in spe-
cific proportions, to provide the same video in-
formation in a different form. The end result of
the encoding is the formation of two separate
signals: the C chrominance or chroma signal for
color and the Y luminance or brightness signal
for biack-and-white information.

At the receiver, the color picture tube still
needs R, G, and B video signals, corresponding
to the color phosphors on the screen. However,
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the C signal is decoded by demodulation. This
detected output is then combined with the
luminance signal to recover the original red,
green, and blue video signals for the color pic-
ture tube. More details of the R, G, and B video
signals are illustrated in Figs. 8-3 to 8-5.

Color video amplitudes. In Fig. 8-3, the sepa-
rate R, G, and B video signals are shown for a
horizontal line scanned across the image with
vertical red, green, and blue bars. The bars just
represent picture information of their particular
color. The R signal voltage has its full amplitude
while the red bar is scanned. However, there is
no R video signal for the green or blue informa-
tion. Similarly, the G video voltage is produced
only when green picture information is scanned,
and the B video voltage indicates blue informa-
tion.

——

Red |Green| Blue

Video voltage
(0]

Time

FIGURE 8-3 R, G, AND B VIDEO SIGNALS FOR RED,
GREEN, AND BLUE COLOR BARS. H INDICATES ONE HORI-
ZONTAL SCANNING LINE FOR WIDTH OF PICTURE.
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FIGURE 8-4 DECREASING AMPLITUDES OF R VIDEO SIG-
NAL FOR RED, PINK, AND PALE PINK BARS, INDICATING
WEAKER COLORS.

Different values of color voltage are illus-
trated in Fig. 8-4. Here the red, pink, and pale
pink bars have decreasing values of color inten-
sity. Therefore, the corresponding video voit-
ages have decreasing amplitudes. We can say,
then, that R, G, or B video voltage indicates in-
formation of that color, while the relative ampli-
tude depends on the color intensity.

Color video frequencies. In Fig. 8-5, all the
color bars are red, but the bars just became nar-
rower. This case is just a question of less scan-
ning time across smaller details of picture infor-
mation. The result is higher video frequencies.
For either chrominance or luminance informa-
tion, the high-frequency components of the

S —

Red

L LT

0 Time
FIGURE 8-5 INCREASING FREQUENCIES OF R VIDEO SIG-
NAL FOR NARROWER RED BARS, INDICATING SMALLER
DETAILS OF COLOR INFORMATION.

video signal determine the amount of horizontal
detail that can be reproduced in the picture.

8-2 Color Addition

Aimost any color can be produced by adding
red, green, and blue in different proportions.
The additive effect is obtained by superimposing
the individual colors. In a tricolor picture tube,
the color addition results as the red, green, and
blue information on the screen is integrated by
the eye to provide the color mixtures in the actu-
al scene.

Additive color mixtures. The idea of adding
colors is shown in color plate VIl. There are
three circles in red, green, and blue, which par-
tially overlap. Where the circles are superim-
posed, the color shown is the mixture produced
by adding the primary colors. At the center, all
three color circles overlap, resulting in white.

Where only green and blue add, the result-
ant color is a greenish-blue mixture called cyan.
The red-purple color shown by the addition of
red and blue is called magenta or violet. More
blue with less red produces purple. Yellow is an
additive color mixture of approximately the
same amount of red and green. More red with
less green produces orange. Similarly, prac-
tically all natural colors can be produced as ad-
ditive mixtures of red, green, and blue.

Primary colors. These are combined to form
different color mixtures. The only requirement
is that no primary can be matched by any mix-
ture of the other primaries. Red, green, and blue
are the primary colors used in television be-
cause they produce a wide range of color mix-
tures when added. Therefore, red, green, and
blue are additive primaries.

Complementary colors. The color that pro-
duces white light when added to a primary is its



complement. For instance, yellow added to blue
produces white light. Therefore, yellow is the
complement of the blue primary. The fact that
yellow plus blue equals white follows from the
fact that yellow is a mixture of red and green.
Therefore, the combination of yellow and bilue
actually includes all three additive primaries.
Similarly, magenta is the complement of green,
while cyan is the complement of red. Some-
times the complementary colors cyan, magenta,
and yellow are indicated as minus-red, minus-
green, and minus-blue, respectively. The reason
is that each can be produced as white light
minus the corresponding primary.

The complementary colors are also
known as the subtractive primaries. In a repro-
duction process such as color photography,
color mixtures are obtained by subtracting indi-
vidual colors from white light with color filters.
Then cyan, magenta, and yellow are the subtrac-
tive primary colors used to filter out red, green,
and blue.

A primary and its complement can be con-
sidered opposite colors. The reason is that for
any primary its complement contains the other
two primaries. This idea is illustrated by the
color circle in Fig. 8-6, with the dashed lines be-
tween each primary and its opposite comple-
mentary color,

The hue of the complementary colors can
be seenin color plate IX. Cyan is a greenish blue
and magenta is a purplish red. When consid-
ered as primary colors in a subtractive system,
these colors are often labeled simply blue, red,
and yellow. However, this blue is really cyan
with green and blue; the red is magenta combin-
ing blue with red; the yellow combines green
and blue.

Adding for colors. It can be useful to consider
how mixtures of red, green, and blue video sig-
nal voltages are the same as combinations of the
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FIGURE 8-6 COLOR WHEEL SHOWING PRIMARY COLORS
RED. GREEN, AND BLUE WITH THEIR OPPOSITE COMPLE-
MENTARY COLORS CYAN, MAGENTA, AND YELLOW.

primary colors and their complements. The
reason for the similarity of the voltages and
colors is the fact that a tricolor picture tube real-
ly operates as a color mixer. What you see on
the screen is the superimposed combination of
red, green, and blue. This effect is most obvious
when looking at a raster alone, without any pic-
ture. If the blue gun is cut off by reducing either
the bias or screen-grid voltage, the electron
beams of the red and green guns can produce a
yellow raster. If there is more red and less green,
you will see the raster color become orange.
Similarly, the blue and green guns operating
without the red gun produce cyan; or the red
and blue guns produce magenta. With all three
guns operating to reproduce red, green, and
blue in the correct proportions, the raster is
white. For the opposite case, all three guns are
cut off to reproduce black, which is just the ab-
sence of light.

Complementary voltage polarities. Another
important feature of color video voltages is the
fact that opposite polarities correspond to com-
plementary colors. To illustrate this idea, as-




144 BASIC TELEVISION

sume the blue video voltage has the polarity that
increases beam current of the blue gun. More
blue video voltage produces more beam current
from the blue gun to reproduce more blue in the
raster and picture. Although all three guns are
operating, we are looking only at the effect of
blue for this example. It should be noted now
that the opposite polarity of blue video voltage
decreases the beam current. Then less beam
current from the blue gun reduces the amount of
blue on the screen. The effect is the same as in-
creasing the red and green, which is a yellow
combination. Furthermore, yellow is the com-
plement of blue. The result, then, is that revers-
ing the polarity of a color video voltage is a
change to its complementary color.

8-3 Definitions of Color
Television Terms

Any color has three characteristics needed to
specify the visual information. First is its hue or
tint, which is what we generally call the color;
second is its saturation; and third is the lumi-
nance. Saturation indicates how concentrated,
vivid, or intense the color is. Luminance in-
dicates the brightness, or what shade of gray the
color would be in black-and-white. These quali-
ties of colors and other important terms are
defined now in order to analyze the special fea-
tures of color television broadcasting.

White. Actually, white light can be considered
as a mixture of the red, green, and blue primary
colors in the proper proportions. A glass prism
can produce the colors of the rainbow from
white light. For the opposite effect, red, green,
and blue can be added to produce white. The
reference white for color television is a mixture
of 30 percent red, 59 percent green, and 11 per-
cent blue.

These percentages for the luminance sig-
nal are based on the sensitivity of the eye to dif-

ferent colors. As shown in color plate VIIi, green
has the greatest relative brightness.

The degree of white is generally specified
as a color temperature of 6,500 K. This is a
bluish white, like daylight. The symbol K" in-
dicates degrees Kelvin on the absolute tempera-
ture scale, which is 273° below °C.

Hue. The color itself is its hue or tint. Green
leaves have a green hue; a red apple has a red
hue; the color of any object is distinguished
primarily by its hue. Different hues result from
ditferent wavelengths of the light producing the
visual sensation in the eye.

Saturation. Saturated colors are vivid, intense,
deep, or strong. Pale or weak colors have little
saturation. The saturation indicates how little
the color is diluted by white. As an example,
vivid red is fully saturated. When the red is
diluted by white, the result is pink, which is really
a desaturated red. It is important to note that a
fully saturated color has no white. Then the
color has only its own hue, without any other
components that could be added by the red,
green, and blue of white.

Chrominance. This term is used to indicate
both hue and saturation of a color. In color tele-
vision, the 3.58-MHz color signal more specifi-
cally is the chrominance signal. In short, the
chrominance includes all the color information,
without the brightness. The chrominance and
brightness together specify the picture informa-
tion completely. Chrominance is also called
chroma.

In color television, we can reserve the
term ‘‘chrominance” or ‘‘chroma” for the
3.58-MHz modulated subcarrier. This C signal
contains the hue and saturation for all the
colors. |Its frequency is 3.58 MHz. However,
before modulation and after demodulation, the
color information is in the red, green, and blue



color video signals. The range of these modula-
tion frequencies, or the baseband for color, can
be considered practically as 0 to 0.5 MHz.

Luminance. Luminance indicates the amount
of light intensity, which is perceived by the eye
as brightness. In a black-and-white picture, the
lighter parts have more luminance than the dark
areas. Different colors also have shades of
luminance, however, as some colors appear
brighter than others. This idea is illustrated by
the relative luminosity curve in color plate VIII.
The curve shows that the green hues between
cyan and orange have maximum brightness.

The luminance really indicates how the
color will look in a black-and-white reproduc-
tion. Consider a scene being either pho-
tographed on black-and-white film or televised
in monochrome. The picture includes a colorful
costume with a dark red skirt, yellow blouse, and
a light blue hat. For the same illumination, these
different hues will have different brightness val-
ues and will therefore be reproduced in different
shades of monochrome. As shown by the graph
in color plate VIl for relative brightness values
of different hues, dark red has low brightness,
yellow has high brightness, and blue is medium
in relative brightness. Therefore, the mono-
chrome picture reproduction will show a white
blouse (for yellow) with a black shirt (for dark
red) and a gray hat (for light blue). It is the rela-
tive brightness variations for different hues that
make it possible to reproduce scenes that are
naturally in color as similar pictures in black and
white.

In color television, the luminance infor-
mation is in the luminance or Y signal. This ab-
breviation should not be confused with yellow,
as the luminance signal contains the brightness
variations for all the information in the picture.

Compatibility. Color television is compatible
with black-and-white television because essen-
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tially the same scanning standards are used and
the luminance signal enables a monochrome
receiver to reproduce in black and white a pic-
ture televised in color. In addition, color televi-
sion receivers can use a monochrome signal to
reproduce the picture in black and white. Color
television broadcasting uses the same 6-MHz
broadcast channels as in monochrome trans-
mission. Also, the same picture carrier
frequency is used.

Subcarrier. This is a carrier with modulation
that modulates another carrier wave of higher
frequency. In color television, the color informa-
tion modulates the 3.58-MHz color subcarrier,
which modulates the main picture carrier in the
standard broadcast channel.

Multiplexing. This is the name for the tech-
nique of using one carrier for two separate sig-
nals. In color television, the 3.58-MHz C signal is
multiplexed with the Y signal as both modulate
the main picture carrier wave. Another example
of multiplexing is stereo broadcasting in the
commercial FM broadcast band, to transmit left
and right audio signals on one rf carrier.

8-4 Encoding the
3.58-MHz

C Signal at the
Transmitter

Now we can consider more details of how the
chrominance signal is produced for transmis-
sion to the receiver. First, the R, G, and B video
voltages provide the color information. Then
these primary signatls are encoded to form sepa-
rate chrominance and luminance signals. The
luminance signal is formed directly from the R,
G, and B video signals. However, the chromi-
nance signal is formed from two color-mixture
video signals, instead of from the three primary
signals. The purpose is to have two quadrature
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signals 90° out of phase with each other. Fur-
thermore, these two quadrature signals have all
the chrominance information because the color
mixtures include red, green, and blue.

The primary color video signals. The camera
receives red, green, and blue light corre-
sponding to the color information in the scene,
to produce the primary color video signals in
Fig. 8-7. These waveforms illustrate the voltages
obtained in scanning one horizontal line across
the color bars indicated. The red camera tube
produces full output for red, but no output for
green and blue. Similarly, the green or blue
camera tube has output only for that color.

Notice the values shown for yellow, as an
example of a complementary color. Since
yellow includes red and green, video voltage is
produced for both these primary colors, as the
red and green camera tubes have light input
through their color filters. However, there is no
blue in yellow. This is why the blue video voltage
is at zero for the yellow bar.

The last bar at the right is white, as an ex-

One horizontal
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100%
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Time —™
100%
G
o
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of
FIGURE 8-7 R, G, AND B VIDEO SIGNAL VOLTAGES FOR
COLOR-BAR PATTERN.

ample that includes all three primaries. Then all
three camera tubes have light input, and there
are color video signals for red, green, and blue.

The red, green, and blue video voltages
are then combined in order to encode the
primary color voltages as brightness and chro-
minance signals for transmission to the receiver.
This process is illustrated by the block diagram
in Fig. 8-8.

Matrix section. A matrix circuit forms new out-
putvoltages from the signal input. The matrix at
the transmitter combines the R, G, and B volt-
ages in specific proportions to form three video
signals that are better for broadcasting. One
signal has the brightness information. The other
two signals have the chrominance information.
Specifically, these three signals from the matrix
are as follows:

1. Luminance signal, designated the Y signal.
This combination of R, G, and B contains the
brightness variations, corresponding to a
monochrome video signal. The Y signal is
formed by taking 30 percent of R video, 59
percent of G video, and 11 percent of B
video.

2. A color mixture, designated the / signal.
Positive polarity of / signal is orange; nega-
tive polarity is cyan. These colors result
from the fact that / = 0.60R — 0.2%— 328.

3. A color mixture, designated the ™ Q signal.
Positive Q signal is purple; negative polarity
is yellow-green. These colors result from
the fact that Q =0.21R —0.52G + 0.318.

The letter Q" here is for quadrature, as
the Q signal modulates the color subcarrier 90°
out of phase with the / signal. The letter /" in-
dicates in phase. Note that the negative signs
for subtracting R, G, or B signals mean adding
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FIGURE 8-8 FUNCTIONS OF THE TRANSMITTER IN ENCODING THE PICTURE INFORMA-
TION FOR COLOR TELEVISION BROADCASTING. SEE TEXT FOR DETAILS.

the video voltages in negative polarity. The
orange and cyan of the / signal are chosen as the
best colors for very small details. Automatically,
then, the Q signal colors are magenta and
yellow-green because this color axis is 90° off
the I color axis.

The / and Q signals are specified by the
FCC for modulation at the transmitter. The / sig-
nal has more bandwidth, equal to 1.5 MHz, com-
pared with 0.5 MHz for the Q signal. The pur-
pose of extra bandwidth in the / signal is to allow
more color detail at the receiver. However,
receivers practically never use the added band-
width of the [/ signal, because the circuits are
much simpler when all the color video signals
have the same bandwidth of 0.5 MHz.

Specifically, the receivers generally use
R-Y and B-Y demodulators. These two color
video signals are also in quadrature with each
other, but with a different phase angle than the /

and Q signals. Actually, the receiver can detect
the hue information of the C signal in different
ways, as explained later with the hue-phase
diagram in Fig. 8-16. Eventually, though, for any
method of detection, the color information at the
receiver must be converted to red, green, and
blue video for the color picture tube.

Color subcarrier. The | and Q signals are
transmitted to the receiver as the modulation
side bands of a 3.58-MHz subcarrier, which in
turn, modulates the main carrier wave. As an ex-
ample, the picture carrier wave at 67.25 MHz for
channel 4 can be modulated by the 3.58-MHz
video-frequency color subcarrier. Note that the
color subcarrier has the same video frequency
ot 3.58 MHz for all stations, although the as-
signed picture frequency is different for each
channel. The value of 3.58 MHz is chosen as a
high video frequency to separate the chromi-
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nance signal from low video frequencies in the
luminance signal.

Chrominance modulation. Referring to Fig.
8-8, the output from the 3.58-MHz color subcar-
rier oscillator is coupled to the / and Q modula-
tors. They also have / and Q video signal input
from the matrix. Each circuit produces ampli-
tude modulation of the 3.58-MHz subcarrier.
Notice the separate inputs for / and Q but the
common output combines the / and Q modula-
tion. This combined output is the 3.58-MHz
modulated chrominance (C) signal.

The 3.58-MHz oscillator input to the Q
modulator, labeled Q,, is shifted by 90°, with re-
spect to /,. Modulating the subcarrier in two dif-
ferent phases keeps the / and Q signals separate
from each other. The 90° angle provides max-
imum separation in phase between two signals.

Suppressing the subcarrier. Using only the
modulation side bands, without the carrier itself,
is called suppressed-carrier transmission. The
purpose of suppressing the subcarrier is to
reduce interference at 3.58 MHz, which can
produce a fine dot pattern on the screen.

Color sync burst. With suppressed-carrier
transmission, the receiver must have a 3.58-MHz
oscillator circuit that generates the subcarrier,
in order to detect the chrominance signal. Fur-
thermore, a sample of the 3.58-MHz subcarrier is
transmitted with the C signal as a phase refer-
ence for the color oscillator at the receiver. In
color television, phase angle is hue.

The color synchronization for correct
hues in the picture is accomplished by a burst of
8 to 11 cycles of the 3.58-MHz subcarrier on the
back porch of each horizontal blanking pulse.
This color sync burst controls the frequency and
phase of the 3.58-MHz oscillator at the receiver.

Total colorplexed video signal. The C signal
with the color information and the Y luminance
signal are both coupled to the adder section or
colorplexer. This stage combines the Y signal
with the 3.58-MHz C signal to form the total
colorplexed video signal marked T in Fig. 8-8.
This signal is transmitted to the receiver
by amplitude modulation of the picture carrier
wave in the station’s assigned 6-MHz channel.
The T modulation is a composite video signal,
including deflection sync and blanking pulses.
Negative polarity of transmission, 4.5-MHz sepa-
ration from the sound carrier, and vestigial side
bands are standard for the modulated picture
carrier wave, as in monochrome broadcasting.
The oscilloscope waveshape for color-
plexed video signal is shown in Fig. 8-9. This
waveform illustrates how the signal includes all
the information needed for the picture. The
shaded areas are 3.58-MHz C signal, corre-
sponding to color bars. Peak-to-peak amplitude

White Cyan Magenta Blue

Yellow \ Green Red Black Burst

H sync

FIGURE 8-9 OSCILLOGRAM OF COLORPLEXED COMPOS-
ITE VIDEO WITH C SIGNAL, COLOR SYNC BURST, Y SIGNAL,
AND H DEFLECTION SYNC. THE WHITE DOTTED LINES
SHOW LEVELS OF Y SIGNAL. (TEKTRONIX INC.)



of the C signal depends on the saturation or
color intensity. The phase angles of the C signal
for different hues cannot be seen because indi-
vidual cycles are not shown.

In addition to the peak-to-peak ampli-
tudes for the color bars, note that the average
level is different for each bar. Specifically, the
distance from the blanking level to the average
level of the C signal is a measure of how dark or
light the information is. These changing lumi-
nance levels are the variations in the Y lumi-
nance signal. If the 3.58-MHz C signal would be
filtered out, the luminance levels would still re-
main to indicate the relative brightness values.
In Fig. 8-9, the average luminance levels form a
staircase of voltages from white at the left to
black at the right.

Hue and saturation in the C signal. The two-
phase modulation of the 3.58-MHz color subcar-
rier has the effect of concentrating all the color
information into one chrominance signal. Con-
sider the example of a strong / signal, with little
Q signal. Then the resultant C signal has a
phase angle close to the orange hue of / signal.
For the opposite case, with a strong Q signal
and little / signal, the modulated C signal has a
phase angle close to the purple hue of Q signal.
With equal amplitudes of / and Q modulating
voltages, the phase of the C signal is between
the / and Q phase angles, corresponding to a
hue between orange and purple. The result,
then, is that the instantaneous phase angle of
the 3.58-MHz modulated C signal indicates the
hue of the color information.

Furthermore, the amplitude variations of
the modulated C signal indicate the strength or
intensity of the color information. This variation
corresponds to how saturated the coloris. As a
result, the hue is in the phase angle of the C sig-
nal, while its amplitude determines the satura-
tion.
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8-5 Decodirg the
3.58-MHz C Signal
at the Receiver

Most receivers decode the C signal into 8 — Y
and R — Y color video signals. The B — Y video
is a color mixture that is close to blue, as it con-
sists of blue video and — Yvideo. B — Y hue has
the phase angle in the C signal exactly 180° op-
posite from the phase of the color sync burst.
The phase in quadrature is R — Y video. This
hue is close to red.

Furthermore, B — Y video and R — Y video
can be combined to supply G — Y video, as the Y
signal has green in it. The bandwidth of all three
of these color video signals is 0 to 0.5 MHz.

Separating the C signal. Starting with the re-
ceiving antenna, the modulated picture carrier
of the selected channel is amplified in the rf and
IF stages to be rectified in the video detector.
The detector output is the total colorplexed
video signal, including the Y and C components.
After the video detector, the video circuits divide
into two paths, as shown in Fig. 8-10. One path
is for the Y luminance signal, while the other is
for the 3.58-MHz C signal.

i

Monochrome | y signal Y vidpp Y signal
receiver amplifier |——»
circuits 0-3.2MHz

Chrominance )
_| bandpass | C signal
amplifier
3.58 MHz

FIGURE 8-10 SEPARATING THE Y LUMINANCE SIGNAL AND
THE 3.58-MHz MODULATED CHROMA SIGNAL AT THE RE-
CEIVER.
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The output of the Y video amplifier is Y
signal without the 3.58-MHz C signal. The
reason is that the amplifier response is limited to
frequencies below 3.2 MHz, approximately. The
output of the chrominance bandpass amplifier is
C signal. The reason is that this stage is tuned to
3.58 MHz, with a bandpass of +0.5 MHz, usually.
In all color receivers, the chrominance or color
amplifieris resonant at 3.58 MHz, for any channel.
We can consider 3.58 MHz as the color intermedi-
ate frequency for the receiver.

The amplified 3.58-MHz C signal includes
the chrominance modulation and color sync for
the color section of the receiver. The original
color information is in the modulated C signal,
but it must be demodulated. The color sync
controls the 3.58-MHz color oscillator used for
the demodulator circuits.

Synchronous demodulation. When a modu-
lated signal is transmitted without the carrier, or
subcarrier, the original carrier wave must be
reinserted at the receiver to detect the modula-
tion. As shown in Fig. 8-11, the 3.58-MHz color
oscillator supplies the subcarrier which is cou-
pled to the demodulators with the C signal. Fur-
thermore, it is important to note that this type of
demodulator or detector has maximum output
for the phase of the modulated signal that is the
same as the oscillator input.

This circuit is a synchronous demodulator
because it detects the modulation information
that is synchronous with the reinserted carrier.

There is practically no output for signal in
quadrature with the oscillator voltage. For this
reason, two demodulators are needed to detect
two color signals. Also, the two demodulators
are generally 90° out of phase, for minimum in-
terference between the two detected signals.

In Fig. 8-11 the demodulators produce
B —Y and R — Y video. Then these two color
mixtures are combined to provide G — Y. This
addition is possible because green is in the Y
component.

The picture tube as a matrix. When the re-
ceiver uses B—Y, R —Y, and G — Y video sig-
nals, the picture tube can serve as the matrix to
produce the primary colors. As shown in Fig.
8-12, the Y signal is coupled to the cathode for
all three guns. Actually —Y signal is used
because this polarity at the cathode cancels the
—Y component of the color voltages at each con-
trol grid. The results are the same as adding the
components algebraically. For red (R), as an ex-
ample,

(R=Y)—(-Y)=R-Y+Y=R

The same results for the three primary
colors mean that the screen reproduces the
color information as the required mixtures of
red, green, and blue. As a summary of the dif-
ferent signals, Table 8-1 lists their sequence
from camera tube to antenna at the transmitter,
and from antenna to picture tube at the receiver.

R-Y video‘

C signal Ay
m demodulator
Color
sync 3.58 MHz
color
oscillator B-Y

C signal

FIGURE 8-11 DETECTING THE MOD-
ULATED 3.58-MHz C SIGNAL WITH
SYNCHRONOUS DEMODULATORS 90°
OUT OF PHASE TO OBTAIN R — Y AND
B — Y VIDEO SIGNALS. THESE TWO

G — Y video
—

———— 1 demodulator

B — Y video

VOLTAGES ARE COMBINED TO OB-
TAIN THE G — Y SIGNAL.



l—Y video to cathodes

R-Y R
Color — 7| Three-gun " Light
video {G Y. G >
t d t'ico.or output
O grias
9 B-Y picture tube B

FIGURE 8-12 PICTURE TUBE AS A MATRIX THAT COM-
BINES Y SIGNAL WITH COLOR-DIFFERENCE VOLTAGES TO
PRODUCE RED. GREEN, AND BLUE.

8-6 The Y Signal for
Luminance

Now we can consider more details of the lumi-
nance signal, which contains the brightness
variations of the picture information. The Y sig-
nal is formed by adding the primary red, green,
and blue video signals in the proportions:

Y =0.30R +0.59G +0.118 (8-1)

These percentages correspond to the relative
brightness of the three primary colors. There-
fore, a scene reproduced in black and white by
the Y signal looks the same as when it is
televised in monochrome.

TABLE 8-1 SEQUENCE OF COLOR SIGNALS
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Voltage values for Y signal. Figure 8-13 illus-
trates how the Y signal voltage in d is formed
from the specified proportions of R, G, and B
voltages for the color-bar pattern. Notice that
the bars include the primary colors R, G, and 8,
their complementary mixtures of two primaries,
and white for all three primaries.

The Y signal has its maximum relative
amplitude of unity, 1.0 or 100 percent for white,
because it includes R, G, and B. This value for
white is calculated as

Y=0.30 +0.59 +0.11 =1.00

As another example, the cyan color bar
includes G and B but no R. Then the Y value for
cyan is calculated as

Y=0+0.59 +0.11=0.70

All the voltage values of the Y signal can
be calculated in this way. The resulting voltages
are the relative luminance values for each of the
color bars. If the Y signal alone were used to
reproduce this pattern, it would appear as
monochrome bars shading off from white at the

TRANSMITTER

RECEIVER®

1. R, G, and B video from camera.

2. Y, I, and Q video from matrix.

3. [/ and Q modulate 3.58-MHz chrominance signal.

4. Colorplexed T signal with Y and 3.58-MHz C sig-
nals.

5. Antennasignalis rf picture carrier modulated by
colorplexed T signal.

1. Antenna signal is rf picture carrier modulated by
colorplexed T signal.

2. Modulated picture carrier is rectified in video de-
tector.

3. Synchronous demodulators for 3.58-MHz C sig-
nal provide B — Y and R — Y video, which are
combined for G — Y.

4. B—-Y R Y and G — Yvideo to picture tube,
with —Y video to cathodes.

5. Red, green, and blue, with their color mixtures, on
screen of picture tube.

‘For receivers using B — Y and R — Y demodulators and picture tube as matrix.



152 BASIC TELEVISION
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scanning line
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FIGURE 8-13 WAVEFORMS OF R, G, AND B VIDEO TO
FORM THE Y SIGNAL, FOR COLOR-BAR PATTERN.

left to gray in the center and black at the right.
These light values correspond to the staircase of
Y video voltages in Fig. 8-13d, for the decreasing
relative brightness of these color bars.

Bandwidth of Y signal. This signal is transmit-
ted with the full video-frequency bandwidth of 0
to 4 MHz, the same as in monochrome broad-
casting. However, most receivers cut off the re-
sponse for video frequencies at 3.2 MHz, approx-
imately. The purpose is to minimize interference
with the 3.58-MHz C signal. In monochrome
receivers, the IF bandwidth is generally limited
to 3 MHz.

Matrix for Y signal. A matrix has the function of
adding several input voltages in the desired pro-
portions to form new combinations of output

voltage. An example is illustrated in Fig. 8-14 for
forming the Y signal. This circuit consists of
three voltage dividers with a common resistor
R,. Each divider proportions the R, G, or B input
signals in accordance with the resistance of R,,
R,, or R,, compared with R,. The resultis Y sig-
nal across R, as the common load resistor for
the R, G, and B video voltages. Similarly, dif-
ferent resistance values can be used for sepa-
rate voltage dividers to proportion the R, G, or B
voltages in the percentages necessary to form /
and Q signals at the transmitter.

8-7 Types of Color
Video Signals

The main types are for the primary colors, as the
system starts with R, G, and B voltages for the
camera tube and finishes with R, G, and B at the
picture tube. However, color mixtures are used
for encoding and decoding. The reason is that
two color-mixture signals can have all the color
information of the three primary colors, allowing
the third signal to be Y signal for luminance.

I signal. This color video voltage is produced
in the transmitter matrix as the following com-

R 70k
Red O
R,
Green O 20Kka
Ry 270 kO
Blue 0——— AN/, Y signal output

R,S=030R+
30 k() 0.59G +
0118

FIGURE 8-14 RESISTIVE VOLTAGE DIVIDER USED AS MA-
TRIX TO FORM Y SIGNAL AT TRANSMITTER.



bination of the red, green, and blue pri-
mary colors:

/ =0.60R —0.28G — 0.328 (8-2)

The minus indicates the addition of video
voltage of negative polarity. For instance,
—0.328B means 32 percent of the total blue video
signal but inverted from the polarity that repro-
duces blue. With +/ polarity, the signal includes
red and minus blue, or yellow, which add to
produce orange. For —/ signal, the polarity is
reversed for all the primary components. Then
the combination includes green and blue for
cyan, with minus-red, which is cyan. As a result,
opposite polarities of the / video signal repre-
sent the complementary colors orange and
cyan, approximately. These hues are in color
plate IX, which shows the main color video volt-
ages.

Note that the negative components of
—0.28G and —0.328B total —0.60 to equal the posi-
tive value of 0.60R. These values are chosen to
make the amplitude of the / video signal become
zero for white.

Q signal. The primary color voltages are com-
bined in the transmitter matrix in the following
proportions for the Q signal:

Q =0.21R - 0.52G +0.318 (8-3)

With +Q polarity, this signal includes
minus-green, or magenta, with red and blue,
which combine to form purple hues. For —Q sig-
nal, this polarity includes mainly green with
minus-blue, or yellow, for a combination of
yellow-green. As a result, opposite polarities of
Q signal represent the complementary colors
purple and yellow-green.

Note that the positive components of
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0.21AR and 0.318 total 0.52 to equal the negative
component of —0.52G. These values are chosen
tc make the amplitude of Q signal zero for white.
Both the / and Q signals are zero for white, as
there is no chrominance information in white.
The luminance information for shades of white
is in the Y signal.

B — Y signal. The hue of this signal is mainly
blue, but it is a color mixture because of the —Y
component. When we combine 100 percent
blue with the primary components of the Y sig-
nal, the result is

B—-Y=1.008 - (0.30R +0.59G +0.118)
or
B —Y=-0.30R —0.59G +0.898 (8-4)

Note that —R and —G combined equal the
complement of yellow, which is blue. Hcwever,
a little more minus-green shifts the hue toward
magenta, resulting in a purplish blue. When the
B — Ysignal is combined with Y signal in the pic-
ture tube, it reproduces the blue information.

R — Y signal. The hue of R—Y is a purplish
red. Combining red with the primary compo-
nents of the Y signal results in

R —Y=1.00R — (0.30R + 0.59G + 0.11B)
or
R—-Y=0.70R — 0.59G — 0.118 (8-5)

The minus-green is magenta, which is
combined with red to produce a purple-i1ed for
positive polarity of R — Y signal. The opposite
polarity of R — Y signal has the hue of cyan-blue.
When R — Y signal is combined with Y signal in
the picture tube, it reproduces the red informa-
tion.
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G — Y signal. Combining —Y signal and 100
percent G results in

G — Y=1.00G — (0.30R +0.59G + 0.11B)
or
G—-Y=-0.30R+041G —0.118B (8-6)

The hue of G — Y signal is a bluish green.
The opposite polarity is a purplish red.

Then, with G — Y signal added to the Y
signal in the color picture tube, the green infor-
mation is reproduced.

In the receiver, G — Y video is obtained by
combining A — Yand B — Y in the following pro-
portions:

G-Y=-051(R-Y)—-019(B—Y) (8-7)

Summary of color video signals. All the color-
mixture voltages are related since each isacom-
bination of R, G, and B. As additional examples,
the / and Q signals can be specified in terms of
the color difference signals as follows:

| =—0.27(B—Y)+074(R-Y) (8-8)
Q =0.41(B—Y) +0.48(R—Y) (8-9)

All these video signals are color mixtures,
combining R, G, and B so that two signals con-
tain all the color information of the three pri-

It is important to note the difference be-
tween these color video voltages, without modu-
lation, and the 3.58-MHz modulated C signal.
There is only one C signal, always at 3.58 MHz.
This signal is encoded with the chrominance in-
formation as hue and saturation, corresponding
to the phase and amplitude of the modulation on
the 3.58-MHz color subcarrier.

However, the different color video signals
exist before modulation of the 3.58-MHz color
subcarrier at the transmitter and after demodu-
lation at the receiver. The color video signals
and their main features are summarized in Table
8-2. The colors listed are for positive signal volt-
age. The opposite polarity for each signal has
the opposite hue. You can see these hues in the
color circle diagram in color plate IX. The
bandwidth is 0.5 MHz for all except the / signal.

Relative gain values. The amplitudes of the
color video signals are modified in transmission
to prevent modulation past the maximum white
and black levels. For instance, yellow with high
luminance can overmodulate white; blue with
low luminance can overmodulate black. As a
result, the receiver must compensate with the
following proportions of gain:

1

B — Y gain is 2.03 =

maries. 49%

TABLE 8-2 TYPES OF COLOR VIDEO SIGNALS

NAMES HUES BANDWIDTH, MHz NOTES

B-Y Blue-purple 0-0.5 Opposite phase from color sync
R—-Y Red-purple 0-05 In quadrature with B —Y

G-Y Green-yellow 0-0.5 Combines B—YandR Y

Q Purple 0-0.5 In quadrature with /

1 Orange 0-1.5 Maximum color bandwidth




1
87.7%

U
142.3%

R —Ygainis 1.14 =

G — Y gain is 0.70 =

As an example, the receiver gain for B — Y signal
is made almost double the gain for R — Y signal.
The reason is that, in modulation at the transmit-
ter, the B — Y component is reduced to 49 per-
cent of its normal level.

8-8 The Color Sync
Burst

Figure 8-15 shows the details of the 3.58-MHz
color sync burst transmitted as part of the total
composite video signal. The color burst syn-
chronizes the phase of the 3.58-MHz color os-
cillator. This stage reinserts the 3.58-MHz color
subcarrier in the synchronous demodulators to
detect the chrominance signal. The phase of the
reinserted oscillator voltage determines the
hues in the detector output. Therefore, the color
sync is necessary to establish the correct hues
for the demodulators. Then the color AFC,
which provides automatic frequency control of
the color oscillator, can hold the hue values

Horizontal sync puise

Burst of 3.58 MHz
color subcarrier
(8-10 cycles)
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steady. Without color synchronization, the pic-
ture has drifting color bars.

The color sync burst is transmitted only
for a color broadcast. The presence or absence
of the burst determines how a color receiver
recognizes whether a program is in color or
monochrome.

The burst is 8 to 11 cycles of the 3.58-MHz
subcarrier transmitted on the back porch of
each horizontal blanking pulse. Peak value of
the burst is one-half the sync pulse amplitude.
However, the average value of the burst coin-
cides with the blanking level. This value corre-
sponds to zero for deflection sync. As a result,
the color burst does not interfere with synchro-
nization of the deflection oscillators.

The burst and C signal are both 3.58 MHz.
However, the burst is on during blanking time
only, when there is no picture information. The
C signal is on during visible trace time for the
color information in the picture. This compari-
son is illustrated in Fig. 8-15b.

8-9 Hue Phase Angles

Figure 8-16 illustrates how the hues of the
modulated C signal are determined by its vary-
ing phase angle with respect to the constant

3.58MHz 3.58 MHz
burst C signal

interval

(a)

Video M
signal -
Blanking—| lePicture«
Horizontal blanking Time — FIGURE 8-15 (a) COLOR  SYNC

BURST ON BACK PORCH OF EACH H
SYNC PULSE. (b) COMPARISON OF
(b) BURST AND C SIGNAL
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C signal
# = 0° to 360°

Red R—-Y
104° 90°

180°
Burst
yellow-
green

Green
241° 270°

(a)

(b)

FIGURE 8-16 PHASE ANGLES OF DIFFERENT HUES. RELATIVE AMPLITUDES NOT TO
SCALE. (a) C SIGNAL WITH EQUAL / AND Q MODULATION. (b) COLOR AXES OFTEN USED

FOR DETECTION IN RECEIVER.

phase angle of the color sync burst. Note that
the hue of the color sync burst corresponds to
yellow-green. When picture information of this
hue is being scanned at the transmitter, the
phase angle of the chrominance signal is made
the same as the phase of the color sync burst.
For other hues, the C signal has different phase
angles. How much the phase angle differs from
the sync burst phase determines how the hue
differs from yellow-green. In Fig. 8-16a, the
phase angle of the C signal indicates the hue of
purple-red between the angles for blue and red.
This phase angle results from equal amounts of /
and Q modulation. You can see all the hues and
their phase angles in color plate IX. Opposite
hues 180° apart are on a straight line called a
color axis.

It should be noted that hue phase angles
are indicated two different ways. Standard
measure for angles counts counterclockwise as
the positive direction from zero, as in Fig. 8-16a.

Then B — Y is at 0°, and the color sync burst is at
180°. However, since burst phase is the refer-
ence, the hue phase angles are often counted
clockwise from burst. Then B — Y phase is at
180°. For the receiver demodulation axes in Fig.
18-16b, the angles are indicated by how much
they are off the horizontal and vertical axes.

Iand Q axes. These are the color video signals
used to modulate the 3.58-MHz subcarrier for
broadcasting. As shown in Fig. 8-16a, the / axis
is 57° off the phase of color sync burst. The Q
axis is in quadrature. These angles put the
phase of B — Y exactly opposite burst phase.

B —Yand R—Y axes. The receiver can recov-
er these hues in demodulating the C signal by
reinserting the 3.58-MHz color subcarrier at
these phase angles. As shown in Fig. 8-16b,
B — Yphase is 180° from burst phase, and R — Y



phase is in quadrature. Two synchronous
demodulators are needed to detect hues on the
R —Yand B — Yaxes. Thenthe R—Yand B—Y
color video signals are added to form G — Y.
Counting clockwise from burst, the phase
angles are 90°for R — Y, 180° for B — Y, and 304°
for G — Y.

X and Z axes. As shown in Fig. 8-16b, the X
axis is close to —{R — Y); the Z axis is close to
—(B — Y) or burst phase. Counting clockwise
from burst, the X axis is at 282° and the Z axis at
333°. Approximately 51° apart, the X and Z axes
can be used in the receiver demodulators even
though they are not in quadrature. The advan-
tage is that R—Y, G —Y, and B — Y can be
formed in three amplifier stages that are bal-
anced, to reduce the possibility of color drift.

R, G, and B axes. Three demodulators can be
used to recover red, green, and blue directly.
These three angles are almost equally spaced
around the color circle, close to the phases of
R—-Y G—-Y andB-Y.

8-10 The Colorplexed
Composite Video
Signal

Formation of the total video signal combining
luminance and chrominance is illustrated in Fig.
8-17 in successive steps. Starting with the
primary colors, the R, G, and B video voltages in
Fig. 8-17a, b, and c¢ are shown for the time of
scanning one horizontal line across the color
bars. The colors are fully saturated, without any
white. This means the relative voltage value for
R, G, and B is at 100 percent, or 1.0. Also, the
saturated complementary colors yellow, cyan,
and magenta have only two primary colors,
since there is no white to add the third primary.
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FIGURE 8-17 CONSTRUCTION OF COLORPLEXED COM-
PCSITE VIDEO SIGNAL FROM Y. /, AND Q VOLTAGES.
WAVEFORM IN H AT BOTTOM SHOWS MULTIPLEXED Y AND
C SIGNALS.

Amplitudes of Y signal. The luminance signal
in Fig. 8-17d shows the brightness component
for each bar. The relative values for Y are
calculated with Eq. (8-1). As an example, for ma-
genta, combining red and blue without green;

Y=0.30R+0+0.118B
Y =0.41
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Amplitudes of | and Q signais. The / and Q
waveforms in e and f have the relative voltages
indicated according to their proportions of
primary colors. These values are calculated with
Eqgs. (8-2) and (8-3). As examples, for yellow
with red and green but no blue;

/ =0.60R — 0.28G — 0.008 = 0.32
Q =0.21R - 0.52G + 0.00B = —0.31

Note that the / and Q voltages can have positive
or negative polarity because their components
include positive and negative primary colors.

Phasor addition for C signal. The next wave-
form in g shows the 3.58-MHz color subcarrier
modulated by the / and Q signals in quadrature.
The two-phase amplitude modulation results in
varying amplitudes and phase angles for the C
signal. The phase angies cannot be shown, but
the varying amplitudes can be calculated. The
method of phasor® addition for the / and Q sig-
nals in quadrature is the same as combining two
ac voltages 90° out of phase in series ac circuits,
written as

C=VE+Q?

As an example, for yellow with values of 0.32 for
! and —0.31 for Q,

¢4
C =V(0.32)2 + (—0.31)2 =V 0.102 + 0.096
C=V0.1980 =0.44

This method can be used to calculate all the C
values for the color bars in Fig. 8-17, by phasor
addition of the / and Q amplitudes.

There is no polarity for the C signal
because it is a carrier wave with both positive
and negative half-cycles. Note that the peak

*Components with different angles in time are pha-
sors; vectors have different angles in space.

amplitude of 0.44 for blue or yellow C signal
means that it varies 0.44 units above and below
the zero axis of this modulated ac waveform.
Yellow and blue have the same amplitudes but
opposite phase angles because they are com-
plementary colors.

Phase angie of C signal. |f we want to know
the phase angle 6 for the hue, this angle has the
tangent equal to Q//. As an example, for red
with the Q of 0.21 and / of 0.60, then 0.21/0.60 =
0.35 for tan 4. This value of 0.35 for tan # defines
the angle 6 of 19°. This angle is 19° from |/,
toward Q.

Adding the Y and C signals. For the total video
signal waveform in h, the Y amplitudes for
luminance are combined with the C signal. The
result is to shift the C signal variations to the axis
of the Y luminance level, instead of its zero axis.
As an example, blue has the level of 0.11 inthe Y
signal and the peak amplitude of 0.44 in the C
signal. When we combine these Y and C signals,
the result in the colorplexed video signal for
blue is that the positive peak goes up to
0.44 +0.11 =0.55. The negative peak goes
down to —0.44 +0.11 = —0.33. These maximum
and minimum values are still =0.44, but around
the average axis of 0.11 for the Y signal. The
same idea applies to all the color bars shown.
You can see how the color bars match the com-
bined Y and C signals in color plate X.

It is important to realize that the Y signal
for luminance information is inserted as the
average level of the C signal variations for color
information. If the C signal is removed from the
colorplexed S signal in h, the result will be the
same staircase of Y signal variations shown in d.
In monochrome receivers, 3.58 MHz is filtered
out to remove the color information, but the Y
signal remains to provide the luminance varia-
tions.



8-11 Desaturated
Colors with White

The relative voltage values shown in Fig. 8-17
are for vivid colors that are 100 percent saturat-
ed. In this case, there is no primary color video
for hues not included in the color. As examples,
saturated R has zero B and G video voltage; sat-
urated yellow (red-green) has zero B video volt-
age. This follows from the fact that with zero
light input to a given color camera there is no
signal output.

In natural scenes, however, most colors
are not 100 percent saturated. Then any color
diluted by white light has all three primaries.
The following example illustrates how to take
into account the amount of desaturation for
weaker colors. Assume 80 percent saturation
for yellow. Now this color has two components:
80 percent saturated yellow and 20 percent
white. First consider the primary color video
signals produced by each camera tube:

80 percent yellow
(red-green)
produces

20 percent white
(red-green-blue)
produces 0.20R 0.20G 0.208

Total camera output is 1.00R 1.00G 0.208

0.80R 0.80G 0.008

These percentages of primary color video
voltages can then be used for calculating rela-
tive amplitudes of the Y signal and color video
signals for 80 percent saturated yellow. As ex-
amples, this desaturated color has the Y value of
0.912, Q value of —0.248, and / value of 0.256.
Compare these with the values of 0.89, —0.31,
and 0.32 shown in Fig. 8-17 for 100 percent satu-
rated yellow. Note that the addition of white to
desaturate a color increases the luminance
value and decreases the chrominance value,
compared with 100 percent saturation.
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8-12 Color Resolution
and Bandwidth

The Y signal is transmitted with the full video-
frequency bandwidth of 4 MHz for maximum
horizontal detail in monochrome. However, this
bandwidth is not necessary for the color video
signals. The reason is that for very small details
the eye can perceive only the brightness, rather
than the color. Therefore, the color information
can be transmitted with a restricted bandwidth
much less than 4 MHz. This feature allows
the narrowband chrominance signal to be
muitiplexed with the wideband lumi-
nance signal in the standard 6-MHz broadcast
channel. All the color video signals have the
bandwidth of 0 to 0.5 MHz, except the / signal
with a bandwidth of 0 to 1.5 MHz. These values
are in the third column of Table 8-2 on page 154.

The I signal for orange and cyan has more
bandwidth because smaller details can be
resolved for these colors. However, the |/
bandwidth of 0 to 1.5 MHz must be considered in
two parts, in terms of its modulation side bands
above and below the 3.58-MHz color subcarrier.
Frequencies of 0 to 0.5 MHz in the / signal are
transmitted with double side bands, using both
the upper and lower side frequencies produced
by modulation. However, for frequencies be-
tween 0.5 and 1.5 MHz, only the lower side
bands are transmitted. This method of vestigial-
sideband transmission on the 3.58-MHz color
subcarrier is used to provide maximum band-
width for the / signal without extending into the
frequencies of the sound carrier signal 4.5 MHz
from the picture carrier signal. The bandwidths
for the Y, I, and Q signals are illustrated by the
graphs in Fig. 8-18.

The extra bandwidth of the / signal is sel-
dom used in color receivers. The reason is that
the color circuits are much simpler when all the
color video signals have the same bandwidth of
0.5 MHz, the practical baseband for color.
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As a result, we can consider the video
frequencies of 0 to 0.5 MHz as the practical
bandwidth for color. How this information is
reproduced is illustrated by the pattern in Fig.

Relative
amplitude

(a) 4'2\ Y video
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Q video
o N\
o' 05
0.5 MHz ”. 0.5 MHz
(c) & Q modulation
o 31358 41
(d) \ 1 video
0 15
1.5MHz 0.5 MHz
(e) 7 | modulation
j,( == &
0 21 35842

land Q
modulation

(f)

o]
w
4

land Q
modulation

(9)

Picture T 3.58
carrier 4.5MHz !

~
(h) /_

66 67.25 7083 72

Sound carrier

Color subcarrier
FIGURE 8-18 BANDWIDTH FOR Y AND C SIGNAL FRE-
QUENCIES. GRAPH IN h AT BOTTOM IS FOR COLOR-
PLEXED COMPOSITE VIDEO SIGNAL MODULATING CHAN-
NEL 4 PICTURE CARRIER AT 67.25 MHz.

8-19. The squares and bars are drawn to scale
for a screen width of 20 in. Keep in mind the fact
that the video frequency of 0.5 MHz corresponds
to horizontal details !/, of the width of this pic-
ture. This value of 50 details is calculated as '/,
of 400 approximately, just as 0.5 MHz is '/, of 4
MHz. All the squares are in color because their
width is more than !/;, of 20 in., equal to 0.4 in.
The vertical bar at the left is in color, as its width
is0.4 in. The vertical bar at the left is in color, as
its width is 0.4 in. The entire background is in
color as these large areas represent low video
frequencies. Also, any horizontal bars are in
color because vertical scanning represents low
video frequencies.

The vertical bar at the right is not in color
because it is less than 0.4 in. wide. The vertical
edges between the pattern and the background
also are in monochrome because these narrow
details correspond to video frequencies higher
than 0.5 MHz. The only parts of the picture not
in color are vertical edges and bars less than 0.4
in. wide, corresponding to video frequencies
higher than 0.5 MHz.

e— 20in.

/ Color Monochrome \
0.4 in.\ /O.Sin.

Color | |Color | Color | Color

Color Color § Color

Entire background is in color

- _J

FIGURE 8-19 AREAS OF COLOR IN PICTURE WITH VIDEO
BANDWIDTH OF 0 TO 0.5 MHz.




8-13 Color Subcarrier
Frequency

This must be a high video frequency, in the
range between 2 and 4 MHz approximately. If
the color subcarrier frequency is too low, it can
produce excessive interference with the lumi-
nance signal. At the opposite extreme, the
chrominance signal can interfere with the sound
signal. The choice of approximately 3.58 MHz
for the color subcarrier is a compromise that
allows 0.5-MHz side bands for chrominance in-
formation below and above the subcarrier
frequency. Also, there is room for the extra 1
MHz of lower side frequencies of the / signal.
Most important for compatibility, 3.58 MHz is a
video frequency high enough to have little re-
sponse in monochrome receivers. These sets
use the luminance signal alone, with practically
no effect from the 3.58-MHz chrominance sig-
nal.

The exact frequency of the color subcar-
rier is based on the following additional factors:

1. The transmitted picture carrier and sound
carrier frequencies cannot be changed, in
order to preserve the 4.5-MHz beat for inter-
carrier sound receivers.

2. There will be an interfering beat frequency
of approximately 0.92 MHz or 920 kHz be-
tween the color subcarrier frequencies near
3.58 MHz and the intercarrier sound at 4.5
MHz.

3. There will be interfering beat frequencies
between the chrominance signal and higher
video frequencies of the luminance signal.

In order to minimize these interference
effects, the color subcarrier frequency is made
exactly 3.579545 MHz. This frequency is deter-
mined by harmonic relations for the color sub-
carrier, the horizontal line-scanning frequency,
and the 4.5-MHz intercarrier beat.
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Horizontal frequency. Specifically, the sound
frequency of 4.5 MHz is made to be the 286th
harmonic of the horizontal line frequency.
Therefore,

__45MHz

f
" 286

= 15,734.26 Hz

where f, is the horizontal line-scanning
frequency for color television broadcasting. No-
tice that 286 is the even number that will make f;
closest to the value of 15,750 Hz used for hori-
zontal scanning in monochrome televisior. The
slight difference has practically no effect on hor-
izontal scanning and sync in the receiver be-
cause of the horizontal AFC circuit.

Vertical frequency. The vertical scanning
frequency is also changed slightly since there
must be 262.5 lines per field. Then the vertical
field-scanning frequency is

v =% Hz = 59.94 Hz

The slight difference of 0.06 Hz below 60
Hz has practically no effect on vertical scanning
and sync in the receiver, because an oscillator
that can be triggered by 60-cycle pulses can also
be synchronized by 59.94-Hz pulses. It should
be noted that when the scanning frequencies
are shifted slightly for color television, the trans-
mitted sync is also changed to the new frequen-
cies for f, and f,,.

Color frequency. With the horizontal line-
scanning frequency chosen, now the color sub-
carrier can be determined. This value is made to
be the 455th harmonic of f,/2:

15,734.26 Hz

2 = 3.579545 MHz

C =455 x
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To obtain this exact frequency, the color oscilla-
tor is crystal-controlied. A typical quartz crystal
unitis shown in Fig. 8-20. The multiple of 455 is
chosen as an odd number that makes C close to
3.58 MHz.

Frequency interlace. Because of the odd-line
interlaced scanning pattern, picture information
for video frequencies that are odd multiples of
f4/2 tends to cancel in the effect on the screen of
the picture tube. The cancellation results be-
cause these frequencies have opposite voltage
polarities for the picture information on even
and odd scanning lines. You can see this can-
celing effect by coupling from a signal generator
output voltage at 2 to 4 MHz into the video am-
plifier to produce a diagonal-bar interference
pattern on the picture tube screen. By adjusting
the generator frequency carefully and watching
the screen pattern closely, at certain frequencies
the interference pattern will disappear. These
frequencies are odd multiples of one-half the
horizontal line-scanning frequency.

This technique of interlacing odd and
even harmonic components of two different sig-
nals in order to minimize interference between
them is frequency interlace. As a result, the

FIGURE 8-20 CRYSTAL FOR COLOR OSCILLATOR IN RE-
CEIVER. HEIGHT IS 1 IN. FREQUENCY IS EXACTLY 3,5679.545
kHz OR 3.579545 MHz.

chrominance signal can be transmitted in the
same 6-MHz channel as the luminance and
sound signals with practically no interference.

8-14 Color Television
Systems

The standards described here are for the NTSC
system, an abbreviation of National Television
System Committee. This group formed by the
Electronic Industries Association also prepared
the standards for monochrome television in the
United States. The Federal Communications
Commission (FCC) approved the monochrome
standards in 1941. The NTSC color television
system was adopted in 1953.

Historically, color television broadcasting
began experimentally about 1949 with two com-
peting systems by RCA and CBS. The CBS sys-
tem used a mechanical color wheel with red,
green, and blue in sequential fields. This
method used scanning frequencies that were
not compatible with monochrome broadcasting.
The RCA system used compatible scanning
standards. The CBS system was adopted for a
short time in 1951 but used very little. Then the
NTSC prepared new standards based on the
RCA system. After field trials, the NTSC system
was adopted by the FCC. The NTSC color televi-
sion system is standard in the United States,
Canada, Japan, and most countries in the West-
ern Hemisphere.

In Europe, the main color television sys-
tems are PAL and SECAM." The PAL (for Phase
Alternation by Line) system is similar to the
NTSC system, but for each successive line one
component of the chrominance signal is re-
versed in polarity. The purpose is to average out
any errors in hue phase. This system is used in

*For more details on PAL and SECAM, see C. R. G.
Reed, "'Principles of Colour Television Systems,’ Isaac
Pitman and Sons Ltd., London, 1969.



Germany and most European countries except
France. SECAM is a French system with a
sequential technique and memory storage. In
this method, two chrominance signals are trans-
mitted, one at a time, for successive lines.

It should be noted that other countries

SUMMARY
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may have scanning standards and a channel
width different from the United States. Also, the
color subcarrier frequency of 3.58 MHz is essen-
tially for a 6-MHz broadcast channel. Standards
for principal television systems of the world are
listed in Appendix C at the back of the book.

The following definitions, in alphabetical order, summarize the main features of color

television.

B — Y signal. Color mixture close to blue. Phase is 180° opposite from color sync

burst. Bandwidth is 0 to 0.5 MHz.

Burst. Color sync. Is 8 to 11 cycles of 3.58-MHz color subcarrier transmitted on back
porch of every horizontal pulse. Needed to synchronize phase of 3.58-MHz os-
cillator in receiver for correct hues in C signal. The hue of color sync phase is

yellow-green.

Chrominance signal. Also called chroma signal or C signal. |s 3.58-MHz color sub-
carrier with quadrature modulation by / and Q color video signals. Amplitude

of C signal is saturation; phase angle is hue.

Colorplexer. Also called multiplexer. Combines C signal and Y luminance signal.
Result is total colorplexed composite video signal transmitted to receiver as

amplitude modulation of picture carrier.

Compatibility. Ability of monochrome receiver to use Y signal for picture in black
and white. Also allows color receiver to reproduce monochrome picture. Com-
patibility results from transmission of Y signal for luminance and use of prac-
tically the same scanning standards for color and monochrome.

Complementary color. Opposite hue and phase angle of primary color. Cyan, ma-
genta, and yellow are complements of red, green, and blue, respectively.

Decoding. Converting hue and saturation in the C signal to R, G, and B primary
color video signals for the tricolor picture tube.

Encoding. Converting the R, G, and B primary color video signalis to hue and satura-

tion in the C signal.

Frequency interlace. Placing harmonic frequencies of C signal midway between
harmonics of horizontal scanning frequency f,. Accomplished by making
color subcarrier frequency exactly 3.579545 MHz.

G — Y signal. Color mixture close to green. Bandwidth is 0 to 0.5 MHz. Usually
formed by combining B — Y and R — Y video signals.

Hue. Also called tint. Wavelength of light for the color. The varying phase angles in
the 3.58-MHz C signal indicate the different hues in the picture information.
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I signal. Color video signal transmitted as amplitude modulation of the 3.58-MHz C
signal. Hue axis is orange and cyan. This is the only color video signal with
bandwidth of 0 to 1.5 MHz.

Luminance. Also brightness, for either color or monochrome information. Lumi-
nance information is in the Y signal.

Matrix. Combines signals in specific proportions. Transmitter matrix forms Y, /, and
Qvideo signals in the output for R, G, and B input. At the receiver, the three-gun
picture tube is often the matrix forinputof R — Y, B — Y, G — Y, and Y signals to
produce red, green, and blue light from the screen.

Monochrome. In black and white. Just luminance or brightness without color. Also
called achromatic. The Y signal is a monochrome signal.

Multiplexing. Combining two signals on one carrier.

NTSC. National Television System Committee. The name for the standard color tele-
vision system adopted by the FCC for use in the United States.

Primary colors. Red, green, and blue. Opposite voltage polarities are the comple-
mentary colors cyan, magenta, and yellow.

Q signal. Color video signal that modulates 3.58-MHz C signal in quadrature with /
signal. Hues are green and magenta. Bandwidth is 0 to 0.5 MHz.

R — Y signal. Color mixture close to red. Phase is in quadrature with B —Y.
Bandwidth is 0 to 0.5 MHz.

Saturation. Intensity of color. Full saturation means no dilution by white. Different
saturation values are varying peak-to-peak amplitudes in the 3.58-MHz
modulated C signal.

Subcarrier. A carrier that modulates another carrier wave of higher frequency. In
color television the 3.58-MHz color subcarrier modulates the rf picture carrier
wave in the standard broadcast channel.

Suppressed subcarrier. Transmission of the modulation side bands without the sub-
carrier itself. Requires reinsertion of the subcarrier at the receiver for detecting
the modulation.

Synchronous demodulator. Detector circuit for a specific phase of the modulated
signal.

White. Contains red, green, and blue in the proportions ¥ =0.30R + 0.59G + 0.11B.

Self-Examination (Answers at back of book)

Choose (a), (b), (c), or (d).
1. Brightness variations of the picture information are in which signal? (a) /; (b) Q;
@Y, (dR-Y.
The hue 180° out of phase with red is (a) cyan; (b) yellow; (c) green; (d) blue.
3. Greater peak-to-peak amplitude of the 3.58-MHz chrominance signal indicates
more (a) white; (b) yellow; (c) hue; (d) saturation.

n
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4. Theinterfering beat frequency of 920 kHz is between the 3.58-MHz color subcar-
rier and (a) 4.5-MHz intercarrier sound; (b) picture carrier; (c) lower adjacent
sound; (d) upper adjacent picture.

5. The hue of color sync phase is (a) red; (b) cyan; (c) blue; (d) yellow-green.

6. Which signal has color information for 1.5-MHz bandwidth? (a) /; (b) Y, (¢c) R — Y;
(dyB-Y.

7. Which of the following is false? (a) / video hues are orange or cyan; (b) the trans-
mitter matrix output includes Y, /, and Q video; (c) a three-gun picture tube can
serve as a matrix; (d) a fully saturated color is mostly white.

8. The color with the most luminance is (a) red; (b) yellow; (c) green; (d) blue.

9. What is the hue of a color 90° leading sync burst phase? (a) yellow; (b) cyan; (c)
blue; (d) orange.

10. The average voltage value of the 3.58-MHz modulated chrominance signal is (a)
zero for most colors; (b) close to black for yellow; (c) the brightness of the color;
(d) the saturation of the color.

11. TheIF value for color in receivers, for any station, is (a) 0.5 MHz; (b) 1.5 MHz; (c)
3.58 MHz; (d) 4.5 MHz.

12. If the 3.58-MHz C amplifier in the receiver does not operate, the result will be (a)
no color; (b) no red; (c) too much blue; (d) too much yellow.

Essay Questions

1. What is meant by color addition? Name the three additive primary colors.
What color corresponds to white light minus red? White minus blue? White
minus green?

3. Why are the primary color video voltages converted to Y and C signals for broad-
casting?

4. Define hue, saturation, luminance, and chrominance.

5. What is the video-frequency bandwidth of the Y signal?

6. What parts of the picture are reproduced in black and white by the Y signal?
What parts are reproduced in full color as mixtures of red, green, and blue?

7. What hues correspond to the following: +/, —I, +Q, -Q,
R—Y,—(R—Y) (B—Y), and color sync burst?

8. How is the 3.58-MHz modulated chrominance signal transmitted to the receiver?
Why is the 3.58-MHz signal called a subcarrier?

9. Describe the color sync burst signal and give its purpose.

10. How does the colorplexed video signal indicate hue, saturation, and luminance
of the picture information?

11. Why is the chrominance signal transmitted with the subcarrier suppressed?

12. Why is the color subcarrier frequency made exactly 3.579545 MHz?
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13. Ascene displays a wide yellow vertical bar against a black background. How will
this picture appear in a monochrome reproduction?

14. What is the effect of the chrominance signal in a monochrome receiver with
video-frequency response up to 3.2 MHz?

Problems (Answers to selected problems at back of book)

1. Show thecalculations for Yluminance values of blue, red, green, yellow, and white.

2. Prove that if G—Y is [-0.51(R— Y) — 0.19(B — Y}], then this equals —0.30R +
0.41G — 0.11B, by substituting the R, G, and B values for Y.

3. (a)Calculate thevalue ofCvoltagewhen/ = 0.4 and Q = 0.3. (b)What isthe approxi-
mate hue of this color?

4. Asignalvoltage varies between the peak 0f0.79 Vand minimum of0.11 V. Calculate
(a) peak-to-peak value and (b) average level.



Lolor
Television
Receivers

Figure 9-1 shows a common chassis layout with the setup adjustments at the back.
Most of the receiver is used for a monochrome picture on a white raster. This part
includes the circuits for picture and sound signals, the raster, and the power supplies.
The 3.58-MHz color circuits are on a separate board at the rear of the chassis. Block
diagrams for all these circuits are shown in two separate parts in Figs. 9-2 and 9-3. In
Fig. 9-2 the monochrome part illustrates how a black-and-white picture is reproduced
on the raster. Figure 9-3 shows details of the 3.58-MHz color circuits. Actually, a
white raster is necessary, as a mixture of the red, green, and blue phosphors on the
screen of the color picture tube. Furthermore, the Y luminance signal produces a
monochrome picture. Then the color circuits can add color to the picture by provid-
ing red, green, and blue video signals for the picture tube. More details are explained
in the following topics:

9-1  Requirements for the color picture tube
9-2 Normal-service switch
9-3 Monochrome circuits in a color receiver
9-4  Circuits for color
9-5 Manual color controls
9-6 Functions of the automatic color circuits
9-7 AR -—Y, B— Yreceivers
9-8 X and Z demodulators
9-9 AR, G, Breceivers

9-10 How the picture tube mixes colors

9-11  Localizing color troubles
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Circuit breaker in B+ line

Heater fuse N0.22 wire under chassis
7-A fuse in ac line under chassis

BKR = Blanker
BPA = Bandpass (color) amplifier

CK = Color killer

CO = Color oscillator

PIF = Picture IF

PIN = Pincushion

SIF = Sound IF

TP = Test point

YA = Video amplifier
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FIGURE 9-1

REAR VIEW OF CHASSIS LAYOUT WITH SETUP CONTROLS FOR COLOR TELE-

VISION RECEIVER. (RCA CTC39 CHASSIS)



9-1 Requirements for
the Color Picture
Tube

The details of picture tubes are described in
Chaps. 10 and 11, but the requirements for the
color tube in the block diagram of Fig. 9-2 can
be stated briefly. The tube has three electron
guns, one each for red, green, and blue. Also,
the screen has either dots or vertical stripes of
red, green, and blue phosphors that are excited
by the three guns. All colors, including white,
are produced as a mixture of red, green, and
blue. The type number 21VAZP22 indicates this
tube has a P22 phosphor for red, green, and
blue, while the screen size is 21 in. diagonally.

The components mounted on the neck of
the picture tube include the deflection yoke,
convergence yoke, and purity ring magnet.
Convergence means making each of the three
beams go through an aperture mask at the
proper angle to excite its respective color phos-
phor on the screen. In brief, the functions are as
follows:

1. Deflection yoke. Deflects all three beams
horizontally and vertically to produce the
scanning raster.

2. Convergence yoke. Has individual adjust-
ments for each beam. Converges the beams
to produce white as a combination of red,
green, and blue, without color fringing at the
edges of picture information.

3. Purity magnet. Positions all three beams to
produce pure red, green, or blue, without
any effect from the other colors. The mount-
ing for the purity ring usually includes
another small magnet called the blue lateral
adjustment, for converging the blue beam
horizontally.

Screen controls. These adjustments on the
back of the receiver chassis vary the screen-grid
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voltage for each of the electron guns. The pur-
pose is to make them all have the same cutoff
characteristic. The screen controls are adjusted
to produce a white raster, at a very low light
level.

Drive controls. These adjustments on the back
of the receiver chassis vary the amount of Y
video signal for each of the electron guns. The
purpose is to balance the ac driving signals to
compensate for different phosphor efficiencies,
és_the red gun may require more signal. The
drive controls are adjusted to produce white
hignlights in a monochrome picture.

9-2 Normal-Service
Switch

Most color receivers have this switch at the back
of the receiver chassis to provide a raster alone,
or just a horizontal line. The purpose is to help
in making adjustments for the color picture
tube. There are usually three settings:

1. Raster_position._ The AGC circuit cuts oft
the IF amplifier to provide a clean raster
without any snow. This position may also be
labeled “'purity”’ because the raster is used
when making purity adjustments for the pic-
ture tube.

2. Service or line. In this position of the
switch, the vertical deflection is disabled to
collapse the raster into one horizontal line
across the screen. The purpose is to con-
centrate the illumination to help determine
visual cutoff when adjusting the screen-grid
voltages of the picture tube. The line may be
misconverged, with separate colors, be-
cause the convergence correction signals
are missing, but this does not matter for the
screen adjustments.
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3. _Normal._ This is the operating position of
the switch, with a normal picture on the
raster.

Notice that setting up the color picture
tube is mainly a problem of obtaining good
white. More details of these setup adjustments
are explained in Chap. 11.

9-3 Monochrome
Circuits in a Color
Receiver

See Fig. 9-2. The only difference in the rf and IF
circuits is the importance of bandwidth for color
receivers. Remember that video frequencies
around 3.58 MHz just show fine detail in mono-
chrome, but these frequencies are essential for
color information. Without the 3.58-MHz C sig-
nal, there is no color—just a monochrome pic-
ture. For this reason, the fine tuning control
on the rf tuner must be tuned exactly for color
in the picture, without the 920-kHz beat interfer-
ence from the sound signal. Most color re-
ceivers have automatic fine tuning (AFT) which
controls the frequency of the local oscillator on
the rf tuner.

Intercarrier sound is used, but the sound
takeoff circuit is before the video detector. The
sound converter at the top of Fig. 9-2 is a diode
rectifier. Input consists of P at 45.75 MHz and S
at 41.25 MHz to produce the difference
frequency of 4.5 MHz in the rectified output for
the sound IF amplifier. A separate converter is
used, instead of taking the 4.5-MHz sound from
the video detector. The reason is to minimize
the 920-kHz beat interference between the
4.5-MHz sound signal and the 3.58-MHz color
signal.

The video detector output for a color
broadcast includes the 3.58-MHz C signal mul-
tiplexed with the Y luminance signal. The

waveform shown out of the video detector
includes the following three components:

1. Csignal for color information. Thisis shown
for one vertical color bar down the center of
the picture.

2. Luminance level corresponding to gray,
midway between white and black.

3. Color sync burst of 3.568 MHz on the back
porch of each horizontal blanking pulse.

The luminance information is indicated by
its level between white and black. For the
3.58-MHz C signal, its average value is the
luminance level.

The video amplifier in a color receiver
serves as the Y amplifier, cutting off at 3.2 MHz
to amplify the luminance signal without the
chrominance signal. Then the video output,
consisting of Y signal, is applied to each cathode
of the three electron guns in the picture tube.
The red, green, and blue drive controis propor-
tion the amount of Y signal. The combined
result is a good monochrome picture, without
color in the white highlights.

The video amplifier in a color receiver
usually includes a preamplifier, which is usually
an emitter-follower in transistor circuits. The
output of the video preamplifier supplies com-
posite video signal to several stages for different
tunctions, as follows:

1. AGC stage for AGC bias

2. Sync separator for vertical and horizontal
synchronization

3. C signal for the color section

4. Y signal for video output to the picture tube

The Y signal for the video amplifier
requires a delay line. This unit delays the Y

Eignal with respect to the C signal. Both the Y
and C signals are applied to the grid-cathode
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circuit of the picture tube but the Y signal would
be there earlier in time. The reason is that the Y
video amplifier is more resistive, with more
bandwidth. Thitime delay inserted is 0.8 us.
Without this delay forthie Y signal, the color in-
formation would be out of register, about 0.3 in.
to the_right on a screen 20 in.:v\v—ide.

The raster circuits for a color receiver are
essentially the same as for monochrome, but
more power is needed with a bigger yoke for the
color picture tube. Flyback high voltage is used
for an anode voltage of 25 to 30 kV for a 19- to
25-in. picture tube. A separate rectifier for focus
voltage on the color picture tube is shown in Fig.
9-2, but this can also be obtained with a voltage
divider on the high-voltage supply. In addition,
the high-voltage power supply usually has a
regulator to maintain constant anode voliage
with different load currents. The voltage regula-
tion is important in maintaining focus and good
convergence at high brightness levels.

in the low-voltage power supply, the ac
voltage for the power line is also used for the au-
tomatic degaussing (ADG) circuit. ‘‘Degauss-
ing” means demagnetizing. The ADG coil is
around the rim at the front of the color picture
tube. This coil has 60-Hz alternating current to
demagnetize the tube each time the receiver is
turned on or off. The degaussing is necessary to
improve purity of the colors.

The convergence board shown in Fig.
9-2 supplies correction current for the con-
vergence yoke on the color picture tube. The
section labeled “PIN" includes pincushion cor-
rection circuits. These are adjusted for a rectan-
gular raster that is not bowed in at the outside
edges. Convergence and pincushion adjust-
ments are explained in more detail in Chap. 11.

9-4 Circuits for Color

More details of the color section of the receiver
are shown by the block diagram in Fig. 9-3.
Color receivers are generally classified accord-

ing to how the luminance and color signals are
combined to provide red, green, and blue for the
picture tube. This addition of the Y and C sig-
nals is matrixing in the receiver. The matrixing
can be done by the picture tube itself or in the
circuits before the picture tube.

For matrixing in the picture tube, the
R—-Y,B—Y,and G — Y signals are fed to each
of the guns, with the Y signal to all three. This
method is generally used with vacuum tubes in
thecolorcircuits. ItisclassifiedasanR—Y,B—Y
receiver, which assumes there is G — Y signal
also. Figure 9-3 illustrates this type.

With transistors in the color circuits, the
R —Y,B —Y,and G — Ycolor signals are usually
mixed with the Y signal before the picture tube.
Then each of the three guns has one video sig-
nal that combines red, green, or blue with the
luminance information. This type is classified as
an R, G, B receiver.

Input signal to the color section. We can start
with the C signal from the video preamplifier in
Fig. 9-3. This signal is taken off before the
delay line for the Y video amplifier. The wave-
shape shown here includes the 3.68-MHz C sig-
nal and the color sync burst. We cannot see the
hue of the C signal because the phase angle with
respectto burstphaseisnotevident. [fthe Cphase
is the same as burst phase, the hue of the color in
the Csignalwill beyellow-green. Theamplitude of
the C signal indicates the color saturation.

It should be noted that the burst occurs
during blanking time when there is no picture.
However, the C signal has the color information
during active trace time for the picture. Al-
though the burst and C signal are both 3.58 MHz,
they are not present at the same time.

Chrominance bandpass amplifier. This sec-
tion includes one or two stages, fixed-tuned to
3.58 MHz as an IF amplifier, with a bandpass of
+0.5 MHz for the modulated C signal. Although
the input includes luminance and chrominance,
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FIGURE 9-3 COLOR CIRCUITS FOR R — Y, 8— Y RECEIVER.

the output is 3.58-MHz C signal because this
stage is tuned to 3.58 MHz. The output includes
the 3.58-MHz C signal and the 3.58-MHz burst
for color sync. The 3.58-MHz output of the color
amplifier is then coupled to the color demodula-
tors to detect the color information and to the
burst separator to remove the color sync burst.
The 3.58-MHz bandpass amplifier is the color or
chroma amplifier, as its gain determines the
amount of color in the picture.

The C signal has the frequency band of
3.58 MHz = 0.5 MHz, which equals 3.08 to 4.08
MHz. A basic problem here is that the Y
luminance signal also has frequency com-
ponents in this band. The result can be inter-
ference between the color signal and

high-frequency components of the Y signal.
This effect causes sparkle or glitter at the
edges of picture information with high-fre-
quency components.

Color demodulators. The demodulators in Fig.
9-3 detect R— Y and B — Y color video signals
because these two phases are provided by the
output of the 3.58-MHz color oscillator. With C
signal input and B — Y phase of oscillator volt-
age into the B — Y demodulator, the detected
output is B — Y video signal. Similarly, with C
signal input to the second demodulator and
R — Y phase of oscillator voltage shifted 90°
from B — Y phase, the detected outputis R — Y
video signal.
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The B—Y and R — Y video signals are
combined in the proper proportionsinthe G — Y
adder stage to produce the G — Y video signal.
Then the three color-difference voltages, B — Y,
R —Y, and G — Y, are available for the picture
tube. These three color signals go to each con-
trol grid or cathode of the three-gun picture
tube. The Y signal also is applied to all three
cathodes. This method is equivalent to using
the picture tube as a matrix to produce red,
green, and blue information in the reproduced
picture.

Which color video signals are detected
depends on the phase of 3.58-MHz reinserted
oscillator voltage. For this reason, the stages
are called synchronous demodulators. Max-
imum output is produced for the phase of the
oscillator input and 180° phase. The output is
minimum for the quadrature phase. With two
demodulators, two color-difference voltages are
detected. The receiver can also use three
demodulators for red, green, and blue.

Color oscillator. This stage is a crystal-con-
trolled oscillator, tuned to 3.579545 MHz. |Its
function is to generate the color subcarrier
suppressed in transmission. The output is a
carrier wave (cw), meaning it has no modulation.

Burst separator. The 3.58-MHz color sync
burst is on the back porch of every horizontal
blanking pulse. To obtain the color sync alone,
the C signal is coupled into the burst separator.
This stage is a 3.58-MHz amplifier, tuned to the
color subcarrier frequency, but keyed on for
horizontal flyback time only. During trace time,
the burst separator is held cut off. Therefore,
the output is produced for 3.58-MHz signal only
for the color sync burst during flyback time.
This stage amplifies the color burst alone,
without the chrominance mformatlon,,\/‘

o

Although the burst separator is a tuned
amplifier for 3.58 MHz like the chrominance am-
plifier, they have opposite times for conduction.
The burst separator is on during flyback time
and off during trace time. The chrominance am-
plifier is on during trace time to supply the
chrominance signal needed for the color de-
modulators.

Color synchronization. The amplified output
of the burst separator supplies the required
color_synchronizing voltage for the 3.58-MHz_
color subcarrier oscillator. Although the oscilla-
tor has a 3.579545-MHz crystal for frequency
stability, its phase must be accurately controlled
tor correct hues in the picture. Therefore, the
color sync voltage goes to an AFPC circuit. This
abbreviation is for automatic frequency and
phase control. Its function is to control the os-
cillator phase. The color AFPC circuit holds the
hue of the reproduced colors at the correct val-
ues, after the manual hue or tint control has
been set.

Color killer stage. This name describes its
function, which is to cut off the color amplifier

for programs broadcast in monochrome.” The
—— - -

purpose is to prevent Y signal components in the
3.08- to 4.08-MHz range from being amplified in
the color circuits. The result would be color
noise, called confetti, in the picture, which looks
like snow but with larger spots in color.

The receiver automatically recognizes a
color or monochrome signal by the presence or
absence of the 3.58-MHz color sync burst. This
voltage is rectified to provide a dc bias that cuts
off the color killer. When the killer is off, the
bandpass amplifier is on for a color program.

Most receivers have a color killer adjust-
ment on the back of the chassis. Set the control
at the pointwhere it just barely cuts off the color
for a monochrome program. In some circuits,

\N
%GJ o J 3&
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the best point is where the color just comes in.
For both cases, check that color is normal on a
color program.

Because of the color killer, it is important
tc note that the trouble of no color sync burst
causes no color, instead of no color synchro-
nization. The reason is that no burst corre-
sponds to a monochrome signal. This makes
the color killer cut off the color amplifier.

Tuning in the color. For a program that is
being broadcast in color, the fine tuning control
must be set to provide chrominance signal for
the receiver. Without the rf side bands corre-
sponding to the 3.58-MHz color signal, the
picture is reproduced in black and white by the
luminance signal. With the fine tuning control
adjusted, the color is maximum just off the
point where the 920-kHz beat interferes in the
picture. This is the beat frequency between the
4.5-MHz sound and 3.58-MHz color signal. The
result is about 60 diagonal bars with FM “wig-
gles” drifting through the picture. See color
plate XIil.

Oscilloscope waveforms for color signals. In
order to provide red, green, and blue video sig-
nals for the picture tube, the main requirements
of the color section are indicated by the oscillo-
scope waveforms in Fig. 9-4. For transistor cir-
cuits, it is preferable to check voltages at the
collector output, rather than the base input. The
base-emitter junction with forward bias is actu-
ally a nonlinear diode that can distort the oscil-
loscope waveforms.

FIGURE 9-4 OSCILLOSCOPE WAVEFORMS IN CCLOR CIR-
CUITS, WITH COLOR-BAR GENERATOR. (a) VIDEO DETEC-
TOR OUTPUT. (b) 3.58-MHz C SIGNAL OF BANDPASS AMPLI-
FIER. (c¢) INPUT TO BURST AMPLIFIER. (d) 3.58-MHz OS-
CILLATOR CW OUTPUT. (¢) R— Y VIDEO SIGNAL FROM
DEMODULATOR.
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It should be noted that the oscilloscope
need not have response to 3.58 MHz in order to
see the color video signals at 0 to 0.5 MHz. Fur-
thermore, high-frequency response in the oscil-
loscope is used only to see individual cycles of
the 3.58-MHz signal. Usually, itis just a question
of seeing the amplitude of the signal. The main
requirements are as follows:

1. There must be 3.58-MHz C signal into and
out of the chrominance bandpass amplifier.
See Fig. 9-4a and b. Without the C signal
there is no color.

2. There must be color burst to synchronize the
color oscillator. The burst separator must
have the horizontal keying pulse shown in
Fig. 9-4c to produce the separated burst.

3. There must be 3.58-MHz cw output from the
oscillator, in order for the demodulator to
detect the color information in the C signal.
See Fig. 9-4d. Without the oscillator output
there is no color.

4. Finally, each color video amplifier must sup-
ply detected signal to drive the three guns of
the picture tube. See Fig. 9-4e. Here there
can be a problem of individual colors miss-
ing, if one amplifier or one gun is not operat-
ing.

The waveforms in Fig. 9-4 are taken with a
signal from a color-bar generator. A typical dot-
bar generator is shown in Fig. 11-3, while color
plate Xll shows the rainbow of color bars for every
30° of hue phase.

9-5 Manual Color
Controls

The only two additional operating controls for
color receivers are the color level control and
tint control. These are on the front panel of the
receiver.

The color control varies the amplitude of
3.58-MHz chrominance signal voltage, usually
adjusting the gain of the chrominance bandpass
amplifier. As a result, the intensity or amount of
color in the picture is varied. The color control
is also called saturation or chroma. Thisis R, in
Fig. 9-3.

The tint or hue control varies the phase of
the 3.58-MHz oscillator cw output with respect
to the color sync burst. The control can be in ei-
ther the oscillator or its AFPC circuit. Thisis C,
in Fig. 9-3.

9-6 Functions of the
Automatic Color
Circuits

The color receiver usually has these circuits to
produce the best picture without manual adjust-
ments.

Automatic color control (ACC). This circuit
controls the gain of the chrominance bandpass
amplifier for a constant color level in the picture.
The idea is the same as automatic gain control
(AGC) for the 3.58-MHz color IF amplifier, to
prevent overload distortion. The strength of the
color signal is indicated by the amplitude of
burst, which is rectified to provide the dc bias for
the ACC circuit.

Automatic fine tuning (AFT). This circuit con-
trols the frequency of the local oscillator in the rf
tuner to keep it tuned for the best color. There is
an on-off switch to disable the AFT for cases
where manual fine tuning is needed to reduce
interference.

Automatic tint control (ATC). This circuit shifts
the hue axis for more red to emphasize flesh
tones. There is usually an on-off switch to dis-
able the ATC if necessary.



One-button tuning. This switch turns on the
AFT and ATC, and it sets the color to a preset
level.

AFPC. This circuit controls the frequency and
phase of the 3.58-MHz color oscillator, by com-
paring its output to burst phase. The AFPC is for
color lock, to hold the hues at their correct val-
ues.

Automatic degaussing (ADG). This circuit de-
magnetizes the color picture tube each time the
receiver is turned on or off, for good purity.

Automatic brightness limiter (ABL). This cir-
cuit keeps the brightness from becoming too
high, to prevent blooming in the picture.

9-7 R-Y,B-Y
Receivers

In this system, the luminance and video signals
are matrixed in the picture tube (Fig. 9-5). It
serves as the matrix by combining the beam cur-
rents from the red, green, and blue guns. As-
sume that R — Y, B—Y, and G — Y color video
signals are coupled to each of the control grids.
Also, —Y video signal is coupled to the three
cathodes. This signal has positive sync polarity
for the composite video and negative-going
white amplitudes for cathode drive on the pic-
ture tube. Remember, though, that an increase
in negative voltage at the cathode increases the
beam current, equivalent to a positive change in
grid voltage.

With —Y signal at the cathodes and color
signals at each grid, they are combined as
follows:

(—Y)=B —-Y+ Y = blue
(-Y)=R-Y+Y=red
(-Y)=G —-Y +Y=green
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FIGURE 9-5 MATRIXING IN PICTURE TUBE WITH R Y,
8 — Y DEMODULATORS.

The —Y signal is subtracted because the effect
on beam current is opposite for cathode volt-
age, compared with control-grid voltage.

The matrixing to provide red, green, and
blue applies only to the 0- to 0.5-MHz band for
color. Actually, for fine detail in a black-and-
white picture, the Y signal can have frequencies
up to 4 MHz. The red, green, and blue informa-
tion provides a color overlay for larger areas in
the picture, with video frequencies up to 0.5
MHz for the color baseband.

9-8 XandZ
Demodulators

Figure 9-6 illustrates this variation in R —Y,
B — Y receivers, using the X and Z hue axes for
detecting the color signal. For the X demodula-
tor, the phase of its oscillator cw input is 282°,
clockwise from burst, only 12° past — (R — Y) at
270°. For the Z demodulator the phase angle of
its hue axis is 333°, which is closeto — (B — Y) at
360°. The X and Z axes, then, are 51° apart. Al-
though not in quadrature, the X and Z
demodulators provide the advantage of bal-
anced amplifiers for the detected color video
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signals. Then any drift with aging components
is the same for all the colors.

The balance in Fig. 9-6 results from using
identical values of load resistors R,. Further-
more, the cathode resistance R, is common for
all three amplifiers. This means the signal volt-
age across R, for V1 is combined with the grid
signal for V2 and V3.

Wecan start withthe outputfor G — Ycolor
video signal from V1. By the choice of component
values, G — Y is the color video signal developed
across R,. Thisisthesignalinputto thegrounded-
grid amplifier V1. There is no other input signal
becausethegridis grounded. Sincetheinputsig-
nal is at the cathode, there is no phase inversion,
resulting in amplified outputof G — Ysignal from
the plate of V1.

The demodulated input signal for V2 is X
signal, from grid to ground. However, it has a
large component of — (R — Y) because this hue
axis and the X axis are so close in phase. There
is also some G — Y signal in the grid voltage.

FIGURE 9-6 X AND Z DEMODULA-
TORSUSEDIN R — Y, B — YRECEIVER.

However, R, in the cathode circuit has G — Y
signal. This cancels the G — Y signal at the grid.
The combined result of the two signals between
grid and cathode is — (R — Y) signal. This is
amplified and inverted to produce R — Y output
from V2.

The demodulated input signal for V3 is Z
signal from grid to ground. This has a large
component of — (B — Y) signal because this hue
axis and the Z axis are close in phase. There is
also some G — Y signal at the grid. With G — Y
signal across Ry, the combined result of the two
signals between grid and cathode is —(8 — Y)
signal. This is amplified and inverted to produce
B — Y output from V3.

In summary, the functions of the three
amplifier stages are as follows:

1. The G — Yamplifier Vihas G — Y input at the
cathode and G — Y output from the plate.

2. The R — Y amplifier V2 has G — Y input at
the cathode and X input at the grid. The



phase of the X demodulator is 282° to make
the X signal have the required components
of — (R — Y) signal to be amplified in V2 and
G — Y to be canceled by the signal voltage
across R,.

3. The B— Y amplifier VY3 has G — Y input at the
cathode and Z input at the grid. The phase
of the Z demodulator is 333° to make the Z
signal have the required components of
— (B — Y) signal to amplify inV3and G— Y to
be canceled by the signal voltage across R;.

It should be noted, though, that the color
video signals for the picture tube are still R — Y,
B — Y,and G — Y. These are matrixed with the Y
signal in the picture tube, to provide red, green,
and blue for the picture reproduction.

9-9 R, G, B Receivers

In solid-state color circuits, the matrix method in
Fig.9-7 is often used. Here, the Y signal is com-
bined with the color video signals before the pic-
ture tube. As a result, the cathode of each gun
has video signal consisting of both the lumi-
nance and the R, G, or B component.

One feature of the R, G, B method is that it
can provide better tracking of color wth lumi-
nance for each gun. The reason is that each
video output stage supplies one video signal
combining the color and luminance informa-
tion. In addition, dc coupling to the picture
tube provides the correct dc level for both color
and luminance. However, gray-scale adjust-
ments are easier with an R — Y, B — Y receiver,
as the screen and drive controls are adjusted
for a good monochrome picture. In the R, G, B
receiver, the brightness and contrast controls
are in the video preamplifier, before the matrix-
ing of the Y and color signals.

An important factor is arcing or flashover
to the control grid in the picture tube. With tran-
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FIGURE 9-7 Y SIGNAL ADDED TO COLOR VIDEO BEFORE
PICTURE TUBE IN R, G, B RECEIVER.

sistors, a voltage surge caused by the arc can
damage the amplifier feeding signal to the con-
trol grid. In the R, G, B method, usually no
video signal is applied to the control grids.

The R, G, B receiver requires three video
output stages. Each has the 4-MHz bandwidth
of the Y signal, instead of the 0.5-MHz band-
width of each color video signal. Bandwidth is
not a big problem with transistor circuits, how-
ever, because of their low impedance.

The general idea of combining the Y and
color video signals is illustrated in Fig. 9-8.
Across R, in the input, the signal is Y video
alone. In addition, the coupling transformer 7, is
used to couple B — Y video for this example.
The same method can be used with R —Y or
G — Yvideo. With the two input signals, the out-
put across R, includes B — Y plus Y video. They
combine to equal blue video alone for color.

it should be noted that the cancellation of
the Y component applies only to the 0- to
0.5-MHz band of frequencies in the color video.
For high video frequencies from 0.5 up to 4 MHz,
the Y signal is not canceled. The Y signal alone
has the details of picture information in mono-
chrome.
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9-10 How the Picture
Tube Mixes Colors

You do not see the individual dots or stripes of
phosphor colors on the screen. Therefore, the
eye integrates the effects of red, green, and blue
light emitted by the phosphors. The intensity of
each color increases with more beam current.
Furthermore, the amount of beam current is
controlied by the cathode-to-grid signal voltage.

To make a white raster on the screen, the
beam currents for the red, green, and blue guns
are proportioned to produce white. The dc volt-
ages for the electron guns are set by the screen
adjustments for a white raster at a low light level.
For a lighter white in the picture information, the
red, green, and blue beam currents are in-
creased in proportion by video signal for the
three guns. Black in the picture is just the ab-
sence of light, as a result of cutting off beam
current.

Suppose the picture information is blue.
Then the blue gun operates, without any beam
current from the red and green guns. Similarly,
red or green can be produced by beam current
from each gun, without any contribution from
the other colors.

Suppose the picture information is yellow.
Then the red and green guns operate without

blue. For orange, more red can be added.
Similarly, the green and blue guns produce
beam current for the combination of cyan. Also,
red and blue are added for magenta or violet.
This addition of colors by the picture tube
illustrates why the inverted polarity of a color
video voltage is its complementary color. Con-
sider white information, combining red, green,
and blue. Suppose that the blue component of
video voltages is inverted in polarity. In terms of
the picturg tube, we can consider that positive
blue video grid voltage increases the beam cur-
rent for the blue gun. When the polarity is in-
verted to negative blue video voltage, now this
video signal decreases the beam current. How-
ever, the red and green components stay the
same. The yellow combining red and green is
stronger, therefore, with less blue. If the blue is
removed completely, the result will be yellow
alone. The result, then, is that negative blue
corresponds to yellow. Similarly, negative red
corresponds to cyan with blue and green. Also
negative green corresponds to magenta with
red and blue. In each case, the negative
polarity refers to inverting the effect on the
amount of beam current in the picture tube.

9-11 Localizing Color
Troubles

It can be useful to consider that the color is su-
perimposed on a monochrome picture on a
white raster. White in the raster is set by the
combination of R, G, and B screen-grid controls
for the picture tube. The monochrome picture is
produced by the combination of R, G, and B
drive controls for Y video signal to the three
guns. Color is added by the 3.58-MHz chromi-
nance signal, demodulated into separate color
video signals. The 3.58-MHz C signal is for all
the colors, but the demodulated video signals
are for individual red, green, or blue.



Another important factor in separate
colors is the picture tube with its three electron
guns. When one gun does not operate, that
color is missing. Typical troublesin one gun are
weak emission or a cathode-heater short. The
short circuit to the grounded heater kills video
signal coupled to the cathode.

Raster not white. This can be caused by the
wrong dc bias voltages at the cathode of each
gun, or by incorrect settings of the R, G, and 8
screen controls on the color picture tubes. Then
the raster has too much of one color, or not
enough, resulting in a raster that has color in-
stead of being white.

The trouble of an individual color in the
entire raster can result from a defective picture
tube. Weak emission from the cathode and a
short circuit at the cathode or control grid are
typical troubles for one gun alone.

It should also be noted that the color
video amplifiers are often dc-coupled to the pic-
ture tube. Then a trouble that changes the dc
voltages in the amplifier stage will affect the bias
voltage for each gun. The dc coupling is illus-
trated in Fig. 9-9. Here the bias is 200 —
140 = 60 V, negative at the control grid of the
picture tube.

Monochrome picture not white. Color in the
raster will also cause color in a monochrome
picture. However, the raster can be white while
the monochrome picture has color when the Y
video signals are not balanced for the three
guns. Check the R, G, and B drives for Y signal
to each gun. Also, a cathode-to-heater short in
one gun means this component of the Y signal
will be missing.

No color. Assuming a normal raster and a good
monochrome picture, no color at all means
there is no 3.58-MHz chrominance signal or no
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FIGURE 9-9 DC COUPLING TO PICTURE TUBE DETER-
MINES ITS BIAS.

3.58-MHz oscillator cw output. These stages are
necessary to all the color video signals. Re-
member that the color killer cuts off the
bandpass amplifier if there is no burst signal.

Weak color. This means weak 3.58-MHz color
signal. Check the chroma bandpass amplifier.
However, it must have normal color signal from
the rf, IF, and video circuits.

One color missing. Check if the monochrome
picture is white. If not, one gun may be shorted
for Y signal. If white is normal, then one of the
R-—Y, B—Y, or G—Y color video signals may
be missing. Where the picture tube is used as
the matrix, one gun can be shorted for Y video at
the cathode but not for color video at the grid.

Wrong hues. Check that the raster and mono-
chrome picture are white. If they are, then check
color oscillator phase. Correct alignment of the
AFPC circuit and chroma bandpass amplifier is
necessary for correct hues.
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Color bars in picture. See color plate Vi
These bars indicate no color sync. Check the

Changing hues in picture. This effect indicates
weak color sync. Check the AFPC circuit.

AFPC circuit.
TABLE 9-1 FUNCTIONS OF THE COLOR STAGES (for block diagram in Fig. 9-2)

CIRCUIT INPUT ouTPUT FREQUENCIES FUNCTION NOTES
Chrominance C signal C signal for 3.58 0.5 Amplifies Tuned amplifier. Has
bandpass from first color MHz C signal manual color control.
amplifier video demodulators
Color Dc control Cw to 3.58 MHz Reinserts Uses 3.579545-MHz
oscillator voltage from color color crystal. Has manual

AFPC circuit demodulators subcarrier tint control.
B—-Y C signal plus B-Y Input is 3.58 Detects Oscillator cw is at
demodulator oscillator cw video MHz. Output is color video 0° phase angle.
0 to 0.5 MHz.
R-Y C signal plus R—-Y Input is 3.58 Detects Oscillator cw is at
demodulator oscillator cw video MHz. Qutput is color video 90° phase angle.
0 to 0.5 MHz.
B-Y B-Y B—-Y 0-0.5 MHz Amplifies Drives picture tube
amplifier video video color video cathode or grid.
R-Y R-Y R—-Y 0-0.5 MHz Amplifies Drives picture tube
amplifier video video color video cathode or grid.
G — Y adder B— Yand G-Y 0-0.5 MHz Amplifies Drives picture tube
R — Y video video color video cathode or grid.
Burst C signal and Color sync 3.58 MHz Separates Conducts only during
separator H flyback burst burst from H flyback time.
pulses C signal
AFPC Burst from Dc control Input is 3.58 Controls Rectified burst can
separator voltage for MHz. Output is frequency also be used for
and cw from color dc control and phase ACC and color
oscillator oscillator voltage. of color killer.
oscillator
Color Dc bias Dc bias for Dc voltage Cuts off For monochrome
killer from bandpass color picture
AFPC amplifier amplifier




COLOR TELEVISION RECEIVERS

SUMMARY

The stages in the color section of the receiver are summarized in Table 9-1, with their
input and output signals, frequencies, and functions. Notice there is only one
chroma signal at 3.58 MHz before the demodulators, but after detection the color in-
formation is in separate color video signals with a bandwidth of 0.5 MHz.

Self-Examination (Answers at back of book)

Answer True or False.

1 The color saturation control varies the amount of C signal.’f'

2.

N O S

11.
12.
13.

14.
15.
16.
17.
18.

19.
20.

The tint cantrol varies the phase of the color oscillator output with respect to
burst. \

The chrominance bandpass amplifier is tuned to 3.58 MHz. T

The G — Y adder stage is tuned to 3.58 MHz. F

The R, G, B drive controls vary the amount of Y signal.

The R, G, B screen controls vary the amount of C signal.

The color killer is cut off on a color program. T

The R — Y demodulator is in quadrature with the B — Y demodulator.

B — Y phase is 180° opposite from burst phase.

The burst amplifier separates the color sync burst from the C signal.

The 3.579545-MHz crystal oscillator is needed to reinsert the color subcarrier. |
Color bars in the picture indicate no color AFPC.

When R —Y, B—Y, and G — Y color video signals are coupled with Y signal to
the picture tube, it serves as the matrix.

The normal-service switch is used for purity and screen adjustments on the pic-
ture tube.

Color receivers generally use the video detector to produce, the 4.5-MHz inter-
carrier sound signal.

A 920-kHz beat pattern in the picture is interference between the color and
sound signals.

When blue video signal is inverted in polarity, the hue becomes yellow.

If one gun does not operate, the monochrome picture will not be white.

If the color oscillator does not operate, there will be no color in the picture.

A white raster depends on the gain of the R~Y,B—Y, and G — Y amplifiers.

Essay Questions

1.

Give five differences between color and monochrome receivers, not counting
the circuits in the color section.
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2. Give the frequencies and functions for the following stages: (a) chrominance
bandpass amplifier; (b) color oscillator; (¢) B — Y demodulator; (d) B — Y ampli-
fier; (e) burst separator.
3. Describe briefly how the color control and tint control function.
4. Describe briefly how to set the fine tuning control manually for color in the pic-
ture.
5. What controls are adjusted for a white raster?
6. What controls are adjusted for a white picture?
7. Give the two input voltages and one output for the burst separator.
8. Give the two input voltages and one output for the R — Y demodulator.
9. For the following abbreviations of automatic circuits, give the meaning and the
circuit each controls: AFT, ACC, ATC, AFPC, ADG, and ABL.
10. Give the functions for the three positions of the normal-service switch.
11. Compare the methods of matrixing for an R —Y, B — Y receiver and R, G, B
receiver.
12. How do X and Z demodulators ditfer from R — Y and B — Y demodulators?
13. Give the function of the color killer stage.
14. Give two color troubles in the picture with a possible cause for each.
15. Why is the color level control in the chroma amplifier, rather than the B — Y,
R—Y, or G— Y amplifier?
16. Explain briefly why the brightness control in the Y video amplifier can vary the
bias for all three electron guns in the picture tube.
17. Why is the burst separator on during horizontal retrace time?
18. Why is the chroma amplifier on during horizontal trace time?
Problems
1. For channel 3, 60 to 66 MHz, give the following frequencies in the receiver: (a) rf
local oscillator in the VHF tuner; (b) picture, color, and sound carriers in the rf
amplifier; (c) picture, color, and sound carriers in the picture IF amplifier; (d)
color signal out of the video detector.
2. Referring to Fig. 9-9, if the A — Y amplifier does not conduct any plate current,

calculate the (a) plate voltage; (b) grid bias for picture tube.




Picture
JTubes

10

As shown in Fig. 10-1, the picture tube is a cathode-ray tube (CRT) consisting of an
electron gun and phosphor screen inside the evacuated glass envelope. The narrow
neck contains the electron gun to produce a beam of electrons. The beam is acceler-
ated to the screen by positive anode voltage. The anode is a conductive coating on
the inside surface of the wide glass bell. To form the screen, the inside of the
taceplate is coated with a luminescent material that produces light when excited by
electrons in the beam. A monochrome picture tube has one electron gun and a con-
tinuous phosphor coating that produces a picture in black and white. For color pic-
ture tubes, the screen is formed with dot trios or vertical lines of red, green, and blue
phosphors. There are three electron beams, one for each color phosphor. More de-
tails are described in the following topics:

10-1  Types of picture tubes
10-2  Deflection, focusing, and centering
10-3  Screen phosphors
10-4 The electron beam
10-5  Electrostatic focusing
10-6  Magnetic deflection
10-7  Color picture tubes
10-8  Picture tubes with in-line beams
10-9  Grid-cathode voltage on the picture tube
10-10  Picture tube precautions
10-11  Picture tube troubles
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or funnel 0
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FIGURE 10-1 COLOR PICTURE TUBE, TYPE NUMBER
25UP22. (RCA)

10-1 Types of
Picture Tubes

If we take the type number 25UP22 as an ex-
ample, 25 in. is the diagonal of its rectangular
screen, within '/, in. If the dimension falls ex-
actly on 0.5 in., the next larger number is used.
The letters in the middle of the type designation
are assigned alphabetically, in order of registra-
tion with the EIA.

The P-number at the end of the type des-
ignation specifies the phosphor screen. This is
P4 for all black-and-white picture tubes. For
color, the number is P22 for all tubes with red,
green, and blue phosphors.

Many picture tubes have the letter V"
just after the screen size, as in 18VBKP22. The V
is for viewing dimensions. Without a V, the
screen size is the outside glass diagonal. With a
V, the diagonal indicates the minimum viewing
area of the screen itself. In this case, the glass
faceplate may be little larger than the nominal
screen size.

Heater voltage. This voltage is not specified

by the type number, W
W. A few picture tubes for battery

operation use 2 to 4 E: The heater CULSRinide

ener for monochrome tubes
with one electron gun. W
ratinﬁ ae ?22 3% 1|800 mé ii ﬁu though
there are three electron guns, the heaters are

parallel internally to provide just one pair of pins
for the heater voltage. The two end pins on the
base connections are usually for the heater.

Anode voltage. The anode is a conductive
graphite coating, generally called aquadag, on
the inside glass wall. This coating on the wide
bell extends from the faceplate about halfway
into the narrow neck. As a result, the electric
field of the accelerating potential is symmetrical
around the electron beam. Typical values of
anode voltage are 18 kV for a 19-in. mono-
chrome tube and 25 kV for a color tube. More
high voltage is needed for the same brightness
with color tubes because of losses through the
aperture mesh used with a three-color screen.
The anode current, which is the load for the
high-voltage power supply, is typically 0.6 mA
for a monochrome picture tube and 1.8 mA for a
color tube with three guns.

A separate anode connection is provided
at the top or side of the glass bell. The connec-
tion is through a recessed cavity of about '/, in.
diameter. Into this fits a metal ball or spring clip
with a wire from the high-voltage rectifier to
contact the anode coating on the inside wall.
When installing a picture tube, put the anode
connection at the same side as the high-voltage
cage on the chassis.

External wall coating. Picture tubes also have
a graphite coating on the outside surface of the
glass bell. The external coating must be con-
nected to chassis ground. Usually, a grounded



wire spring on the mounting for the picture tube
brushes against the outside coating.

High-voltage filter capacitance. The grounded
coating on the picture tube provides a filter
capacitance for the high voitage on the anode.
The external coating is one conductor; the
anode coating is the other conductor, with the
glass bulb serving as the insulator between the
two. This filter capacitance is about 2,000 pF.
The capacitance can hold its charge for a long
time after the anode voltage is turned off.
Before handling a picture tube, therefore, make
sure the high voltage is discharged by shorting
the anode button to the grounded wall coating.

Input capacitance. This is C,, for video signal
applied to the electron gun, either at the control
grid or at the cathode. Usually, the video signal
is applied to the cathode, with about 5 pF for C,.

Faceplate. Approximately '/,-in. thickness
provides the strength required for the large
faceplate to withstand the air pressure on the
vacuumed glass envelope. There is also a
safety-glass window. This window was separate
in older receivers, but most picture tubes now
have a protective glass panel sealed to the
faceplate. The panel is usually made of a dark-
tint glass to improve picture contrast.

Deflection angle. This is the maximum angle
the beam can be deflected without striking the
side of the bulb. Typical values of deflection
angle are 70, 90, 110, and 114°. The deflection
angle is the total angle. For instance, a deflec-
tion angle of 110° means the electron beam can
be deflected 55° from center. The angle for the
picture tube specifies the deflection angle for
the deflection yoke.

The advantage of a larger deflection angle
is that the picture tube is shorter. Then it can be
installed in a smaller cabinet. However, a larger
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deflection angle requires more power from the
deflection circuits. For this reason, these tubes
have a narrow neck to put the deflection yoke
closer to the electron beam. A deflection yoke
for a 110° tube has a hole diameter of 1'/; in.,
compared with 17/, in. for tubes with a smaller
deflection angle.

Different screen sizes can be fillec with
the same deflection angle. For instance, a 90°
yoke will fill the screen of 17-, 19-, or 21-in. pic-
ture tubes if they all have the same deflection
angle of 90°. The reason is that bigger tubes
with the same deflection angle are longer

10-2 Deflection,
Focusing, and
Centering

Either electrostatic or electromagnetic deflec-
tion can be used for a cathode-ray tube. For
electrostatic deflection, two pairs of metal de-
flection plates are attached to the gun structure
within the tube. Sawtooth voltage applied
across each pair of plates provides an electric
field to deflect the beam. This method is gener-
ally used in oscilloscope tubes, with anode volt-
age of 5 kV or less. However, picture tubes with
anode voltage of 15 kV or more would require
toc much sawtooth deflection voltage. In addi-
tion, the relatively small angle for electrostatic
deflection would result in a picture tube that is
too long.

Picture tubes use magnetic deflection,
therefore, with two pairs of deflection coils in
the yoke housing on the neck of the picture
tube. The associated magnetic field of sawtooth
current in the deflection coils moves the elec-
tron beam horizontally and vertically to scan the
raster.

Deflection yoke adjustment. In Fig. 10-2 note
that the yoke is placed forward on the neck of
the picture tube, against the wide bell of the




188 BASIC TELEVISION

Picture tube
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FIGURE 10-2 PLACEMENT OF DEFLECTION YOKE AND
CENTERING MAGNETS ON MONOCHROME PICTURE TUBE.

envelope. If the yoke is too far back, the beam
will hit the sides of the envelope for large deflec-
tion angles. The result, then, is a dark or
shadowed corner on the screen. All four corners
may be shadowed, especially with 110° yokes,
pro