Bernard
Grob

Z
&
=
o
w
(@}
=
I
P




PRINCIPLES AND SERVICING

McGraw-Hill Book Company

NEW YORK - TORONTO - LONDON




Basic Television

COPYRIGHT (© 1964 BY MCGRAW-HILL, INC.

ALL RIGHTS RESERVED.

COPYRIGHT, 1949, 1954, BY MCGRAW-HILL, INC. ALL RIGHTS RESERVED.
PRINTED IN THE UNITED STATES OF AMERICA. THIS BOOK, OR PARTS
THEREOF, MAY NOT BE REPRODUCED IN ANY FORM WITHOUT PERMISSION OF

THE PUBLISHERS.

LIBRARY OF CONGRESS CATALOG CARD NUMBER: 63-21000

I




Basic Television: PRINCIPLES AND SERVICING




Bernard Grob

INSTRUCTOR, RCA INSTITUTES, INC.
Author of Basic Electronics

Coauthor of Applications of Electronics




To Ruth and Harriet Deborah




This book presents a comprehensive course in black-and-white and color
television for technicians and servicemen. The practical explanations of
television principles and receiver circuits are planned for the beginning
student in television. In addition to the troubleshooting principles helpful
in repairing receivers, each circuit section is analyzed as an application of
basic electronic principles that apply to all types of electronic equipment.
This method of presentation, based on experience in teaching television
and electronics for many years, has proved very successful in helping
students.

The book is designed as a text for television courses that follow a
course in radio or electronics fundamentals. Similarly, Chapters 24 and 25
on color television can be used for a short course in color television
receivers after the students have learned the essentials of black-and-white
television.

The explanations are essentially nonmathematical, but quantitative work
with some simple algebra is included where it helps to illustrate specific
examples for applications of important fundamentals. Topics analyzed
quantitively are wide-band amplifiers applied to practical design of video
amplifiers, self-induced voltage applied to horizontal deflection circuits,
resonance applied to i-f amplifiers and RC time constant applied to deflec-
tion oscillators.

On the practical side, all examples are from typical receivers; many
photos are used to show actual components, including printed-wiring
boards; oscilloscope photos illustrate typical waveshapes: and common
troubles are shown by photos of the kinescope screen. Each chapter
on receiver circuits concludes with essential troubleshooting principles
useful for localizing troubles. More details with techniques in use of the
oscilloscope, meters, and signal generators are given in Chapter 23 on
Receiver Servicing. Tables 23-2 to 23 -5 summarize nearly all the common
troubles in television receivers.

vii
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Summary of contents. The third edition, like the first two, is organized
to present the basic material first, thus allowing continuity from topic to
topic. At the start, the discussion of the fundamental principles of televi-
sion, Chapters | to 5, explains the video signal, the scanning procedure,
and how the signal is transmitted. Then the general requirements of tele-
vision receivers and details of picture tubes are described in Chapters
6 and 7. With this basis, a detailed analysis of each type of receiver circuit
is given in separate chapters. Circuits for video, synchronization, and
deflection are analyzed first because they represent the most important parts
of television circuitry. These circuits are emphasized by two chapters
dealing with video amplifiers, two chapters on synchronization, and three
chapters on vertical and horizontal deflection.

For each section of the receiver, the general requirements of a basic cir-
cuitare explained and illustrated by typical commercial schematic diagrams.
The reason why a circuit operates as it does is explained in this manner.
Also, the television receiver can then be analyzed as an application of the
fundamental circuits important in all fields of electronics. Since the sound
is an FM signal, the theory of FM and receiver requirements are included.

Reorganization of topics. Most of the material has been rewritten to
make the third edition completely up-to-date. The important subjects of
color television, synchronizing circuits, and deflection circuits are empha-
sized with additional chapters. The fundamentals of electronic circuits are
applied to the analysis of television receivers. Specific examples are:

I. The coverage of color television has been expanded to two chapters.
The overall system, described in Chapter 24, now contains material on
R—Y,G-Y, and B—Y color video signals. The new Chapter 25, Color
Television Receivers, explains kinescope setup with purity adjustments and
convergence techniques. More details of color receiver circuits are included,
with additional details on the operation of synchronous demodulators.

2. The topic of deflection output circuits has been expanded with one
chapter devoted to vertical deflection and another to horizontal deflection.
Thus the specific requirements of each can be analyzed more thoroughly.
A quantitative analysis of horizontal output circuits shows exactly how
much flyback high voltage and boosted B + is produced.

3. A separate chapter, Horizontal AFC Circuits, contains a detailed
analysis of the four main types.

4. The coverage of RC and RL circuits, including time constant and
transient response, is in the Appendix. Specific formulas for RC charge and
discharge, using common logarithms, are given here so that calculations
can be made to determine exact deflection waveshapes and oscillator
frequency.

5. Deflection waveshapes are analyzed more definitely in terms of
average d-c level and peak-to-peak a-c component. This method provides
concrete examples, which clarify the principles of how the waveforms are
generated and shaped.
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The theory of FM has been combined with FM receiver circuits. More
details of operation for the quadrature-grid detector are in Chapter 22, The
FM Sound Signal. Similarly, the electron scanning beam has been incor-
porated in Chapter 7, Picture Tubes, where the theory has direct applica-
tion. As a result, the student can progress more quickly from the general
requirements in the first five chapters to the practical aspects of receivers,
picture tubes, and circuits in the remaining chapters.

New topics. The growing importance of color television, UHF tuners,
remote tuners, world-wide television broadcasting, and transistor circuits are
the major new developments; all are covered in the third edition. Specific new
features are:

1. Each chapter on receiver circuits has a section at the end that describes
how transistors can be used instead of vacuum tubes.

2. UHF tuners are included in Chapter 20, The R-F Tuner, because new
TV receivers must include provision for receiving both VHF and UHF
channels.

3. A new section on remote tuners is also included in Chapter 20. This
section explains how supersonic waves are used for selecting channels
from a remote position.

4. A detailed treatment of color television receivers and tricolor kine-
scopes is presented in Chapter 25.

5. With the advent of Telstar and world-wide television broadcasting,
the television standards of foreign countries gain new interest. These are
listed in Appendix C.

Teaching aids. Many drawings and photos of simplified circuits, typical
waveshapes, and actual components illustrate the principles with concrete
examples that make the discussion easier to understand. Tables and graphs
are used to summarize useful information and emphasize important com-
parisons. Most of the text has been rewritten in shorter sentences and
paragraphs to make this edition easier to read.

On the basis of successful experience with self-testing material, each
chapter now concludes with:

1. Self-examination questions, including multiple-choice, true-false,
fill-in, and matching questions. Answers are given at the back of the book.

2. More thorough and specific essay questions for review, including
functions of components and troubleshooting questions for practical prob-
lems, plus graphical analysis for a better understanding of electronic
principles.

3. A separate group of numerical problems for practice in quantitative
analysis. Most of these problems deal with the fundamentals of electronic
circuits applied to television receivers. Examples include RC time constant,
decibels, induced voltages, resonance, and a-c impedance. Answers to the
odd-numbered problems are found at the back of the book.

These self-testing exercises are helpful in organizing class work and
reviewing the most important features of each topic. In addition, the book
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is suitable for self-study, since the student can check his own progress. The
Bibliography at the end of the book lists helpful references for more
information on television, transistors, and electronic circuits.

Credits. The schematic diagrams and photographs have been made
available by many organizations, as noted in each illustration. This cour-
tesy is gratefully acknowledged. Especially helpful are the color photos in
Plates I to VI. which are from the RCA Color Television Picto-O-Guide, by
John R. Meagher, published by the RCA Electron Tube Division. Photo-
graphs have also been used from the Television Servicing Course of the
Home Study School of RCA Institutes, Inc.

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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Television means “to see at a distance.” Our practical television system is
a method of transmitting and receiving a visual scene in motion by means
of radio broadcasting. The sound associated with the scene is transmitted
at the same time, to provide a complete sight and sound reproduction at
the receiver of the televised program.

Although the end result required is a motion picture, television is bas-
ically a system for reproducing a still picture such as a snapshot (Fig. 1 - 1a).
Many of these are shown one after the other in rapid sequence during each
second, to give the illusion of motion. Therefore, the first requirement of
the television system is that it be capable of transmitting and receiving a
simple still picture.

1-1 Picture elements

A still picture is fundamentally an arrangement of many small dark and
light areas. In a photographic print, fine grains of silver provide the dif-
ferences in light and shade needed to reproduce the image. When a pic-
ture is printed from a photoengraving there are many small black printed
dots in the reproduction, which form the image. Looking at the magnified
view in Fig. 1+ 1b, we can see that the printed picture is composed of small
elementary areas of black and white. This basic structure of a picture is evi-
dent 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 called a picrure element. All the ele-
ments contain the visual information in the scene. If they are transmitted
and reproduced in the same 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

!



(a)

Fig. |+ la
A still picture.

Fig. 1-1b
Magnified view of still picture.

(b)

cross on a white background shown at the left in Fig. 1-2 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 ele-
ments forming the cross are black. When each picture element is trans-
mitted to the right side of the figure and reproduced in the original position
with its shade of black or white, the original image is duplicated.

1-2  Transmitting and receiving the picture information

In order to transmit and reproduce the visual information correspond-
ing to a picture element, the television system requires a camera tube and
an image-reproducing tube. The camera tube is a photoelectric tube that
produces electric signal corresponding to the visual information in a pic-
ture element. The image-reproducing tube is the picture tube, or kinescope,
in the receiver. The picture tube converts the signal voltage back into a
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Fig. -2 Reproducing a picture by duplicating its picture elements.

visual image on its screen, which duplicates the original picture elements.
If we compare this with a system for sound, the camera tube corresponds
to the microphone at the broadcast station and the picture tube corresponds
to the loudspeaker at the receiver.

A camera tube, such as the iconoscope in Fig. 1-3, can be used to con-
vert the light image into electric signal. The three main types of camera
tubes are the iconoscope, image orthicon, and vidicon, which are described
in detail in Chap. 2. The iconoscope is an older type, of relatively simple
construction. In Fig. | -3, note the image plate about 3 by 4 in. consisting
of many small globules of photosensitive material coated on the surface.

Image plate

Fig. 13

Iconoscope cameru tube. The elec-
tron gun produces a beam of elec-
trons aimed i the photoelectric
image plate. (RCA))

' / Signal output

Electron 3un




Fig. 1+4 Television studio scene. (National Broadcasting Co.)

The amount of photoemission from each point depends on its light intensity.
When the entire scene to be televised is focused on this image plate by
means of an optical lens, the photoelectric globules can convert all the pic-
ture elements to corresponding variations in signal output. Note that the
function of the image plate is similar to the film in an ordinary camera, in
that the optical image is focused on it. If you can look at the image plate,
you will see the image of the scene.

Figure 1 -4 shows how several television cameras are used to televise a
live show in the studio of a broadcast station. Also note the microphone
on the boom overhead for the associated sound. Each camera unit con-
tains a camera tube, usually the image orthicon type. Several cameras are
used to obtain different camera angles, with close-ups and long shots of
the scene.

The transmitting and receiving arrangement for the television system is
illustrated in Fig. 1-5, for both the picture and sound signals. The desired
sound is converted by the microphone to an audio signal, which is ampli-
fied for the sound signal transmitter. For transmission of the picture, the
camera tube converts the visual information into electric signals correspond-
ing to the picture elements in the scene being televised. These electrical varia-
tions become the video! signal, which contains the desired picture infor-
mation. The video signal is amplified and coupled to the picture signal
transmitter. Separate carrier waves are used for the picture signal and
sound signal, but they are radiated by one transmitting antenna.

The receiving antenna intercepts the radiated picture and sound carrier

! Video is Latin for “see”; audio means “hear.”
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Fig. 15 Block diagram of the ielevision
systen.

Fig. 16 A typical picture tube. The elec-
tron gun in narrow part of tube produces a
beam of electrons that is accelerated 1o the
phosphor screen. (Sylvania Electric Prod-
ucts, Inc.)

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 an image-reproducing tube that converts the electric signal
back into picture elements in the same degree of black or white.

The picture tube in Fig. 1+6 is very similar to the cathode-ray tube used
in the oscilloscope. The glass envelope contains an electron-gun structure to
produce a beam of electrons aimed at the fluorescent screen. When the
electron beam strikes the screen, it emits light, and the screen becomes
bright in proportion to the intensity of the electron beam. Varying the in-
tensity of this beam by varying the voltage applied to the control grid of
the tube changes the intensity of the spot of light on the screen. When signal
voltage makes the control grid of the kinescope 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 of the kinescope, there will be
no light. This corresponds to black.




Station
selector

Picture tube

2 Brightness, height
.~~~ _and linearity
2~ adjustments

Fig. 17 Froni view of poriable ielevision receiver, with cover off. (RCA.)

The video signal voltage corresponding to the desired picture informa-
tion is coupled to the grid-cathode circuit of the picture tube so that the
picture elements can be reproduced on the kinescope screen. Then the
entire picture can be viewed through the clear glass faceplate. Figure 1-7
shows a picture tube mounted on the receiver chassis.

I+3  Scanning

In order to produce video signal for all the clements in the picture it is
scanned by the clectron beam, one element at a time, in sequential order.
The scanning is done in the same way you read a written page to cover all the
words in one line and all the lines on the page (see Fig. | -8). Starting at
the top left, all the picture elements are scanned in successive 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 dis-
sect the image into picture elements and in the kinescope at the receiver
to reassemble the reproduced image.

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

I. The electron beam sweeps across one horizontal line, covering all the
picture elements in that line.

2. Attheend of each line the beam is returned very quickly to the left side 1o
begin scanning the next horizontal line. No picture information is
scanned during this retrace time, as both camera tube and picture tube
are blanked out for this period. The retraces must be very rapid, there-
fore, since they are wasted time in terms of picture information.
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lefi 1o right; dashed lines indicate retrace from right 1o lefi.

hw\ﬂ"* Fig. 1+-8 Horizontal linear scanming. Solid lines for irace

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 accomplished by the vertical scanning motion
of the beam, which is provided in addition to horizontal scanning.
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 picture details. However, other factors limit the choice,
and it has been standardized at a total of 525 scanning lines for one com-
plete picture or frame. This is the optimum number of scanning lines per
frame for the standard 6-Mc bandwidth of the television broadcast
channels.

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.

1+4 Motion pictures

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

Figure 1 -9 shows a strip of motion-picture film. Note that it consists of
a series of still pictures with each picture frame differing slightly from the
preceding one. Each frame is projected individually as a still picture, but
they are shown one after the other in rapid succession to produce the
illusion of continuous motion of the hammer in this scene.

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 and allows the film to be
projected on the screen when the film frame is still, but blanks out any
light from the screen during the time when the next film frame is being
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Fig. 1-9  Sirip of motion-picture film. (Eastman-Kodak Co.)

moved into position. As a result, a rapid succession of
still-film frames is seen on the screen. With all light re-
moved during the change from one frame to the next,
the eye sees a rapid sequence of still pictures that pro-
vides the illusion of continuous motion.

This illusion of motion is possible because of a for-
tunate property of the human eye. The impression made
by any light seen by the eye persists for a small frac-
tion of a second after the light source is removed.
Therefore, if many views are presented to the eye dur-
ing this interval of persistence of vision, the eye will
integrate them and give the impression of seeing all at
the same time. It is this effect of persistence of vision
that makes possible the televising of one basic element
of a picture at a time. With the elements scanned rap-
idly enough, they appear to the eye as a complete pic-
ture unit with none of the individual elements separately
visible. To have the illusion of motion in the scene also.
enough complete pictures must be shown during each
second to satisfy this persistence-of-vision requirement
of the eye. This can be done by having a picture repe-
tition 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.

However, the rate of 24 frames per second is not rapid enough to allow
the brightness of one picture to blend smoothly into the next through the
time when the screen is blank between frames. The result is a definite
flicker of light that is very annoying to persons viewing the screen, which
is made alternately bright and dark. The extent to which this flicker can
be noticed depends on the brightness of the screen, the flicker effect being
worse for higher illumination levels. In motion-picture practice the prob-
lem 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 one frame is being
changed for the next but once between. Thus 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, although there are still the same
24 picture frames per second. As a result of the increased blanking rate,
flicker is eliminated.

15 Frame and field frequencies

A similar process is carried out in the television system to reproduce
motion in the picture. Not only is each picture broken down into its many
individual picture elements, but the scene is scanned rapidly enough to
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provide sufficient complete pictures or frames per second to give the illu-
sion of motion in the reproduced scene on the picture tube screen. Instead
of the 24 in commercial motion-picture practice, however, the frame repe-
tition rate is 30 per second in the television system. This repetition rate
provides the required continuity of motion.

The picture repetition rate of 30 per second is still not rapid enough to
overcome the problem of flicker at the light levels encountered on the pic-
ture 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 pre-
sented to the eye during each second. 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 a method of interlaced horizontal linear scanning that divides the total
number of lines in the picture frame into two groups of lines called fields.
Each frame is divided into two fields, one field containing the odd-
numbered, the other the even-numbered scanning lines. The repetition rate
of the fields is 60 per second, since two fields are scanned during a single
frame period and the frame frequency is 30 cps. In this way 60 views of
the picture are presented to the eye during one second, providing a repeti-
tion rate 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-cycle a-c power. Having the frame rate of 30
per second makes the field rate exactly equal to the power-line frequency
of 60 cps. Then any effects of hum in the picture stay still, instead of drift-
ing up or down the screen.

It may be of interest to note that in countries where the power-line fre-
quency is SO cps the frame rate is 25 cps, making the field frequency 50
cps. Television standards for the United States and other countries are
compared in Appendix C at the back of the book.

1+6 Vertical and horizontal scanning frequencies

The field rate of 60 cps is the vertical scanning frequency. This is the
rateat 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 cps. The time for each vertical scanning cycle, or field,
is %o sec.

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 %o sec and it contains 262" lines, the number of lines per sec-
ond is 262" x 60, which equals 15,750. Or, considering 525 lines for a suc-
cessive 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 sec. This is the
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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. Theretore, horizontal deflection circuits for either the camera tube
or picture tube operate at 15,750 cps. The time for each horizontal scan-
ning line is 1/15,750 sec. In terms of microseconds,

1,000,000

H time = 15750 psec = 63.5 psec, approx

1+7 Synchronization

Time in scanning corresponds to distance in the image. As the electron
beam in the camera tube scans the image, the beam covers difierent ele-
ments of the image and provides the corresponding picture information.
Therefore, when the electron beam scans the screen of the picture tube the
scanning must be exactly timed to assemble the picture information in the
correct position. Otherwise, the electron 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 information being received corresponds to his nose.
To keep the transmitter and receiver scanning in step with each other,
special synchronizing signals must be transmitted with the picture infor-
mation for the receiver. These timing signals are rectangular pulses used
to control both transmitter and receiver scanning,

The synchronizing pulses are transmitted as a part of the complete pic-
ture 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 synchronizing 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 re-
trace time, thus keeping the receiver and transmitter scanning synchronized.
Without the vertical field synchronization, the reproduced picture at the re-
ceiver does not hold vertically, rolling up or down on the kinescope screen.
If the scanning lines are not synchronized, the picture will not hold hori-
zontally. 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 cps,
and the frequency of the horizontal synchronizing pulses is also 15,750
cps. The frame repetition rate is 30 per second, but the vertical field-
scanning frequency is 60 cps and the frequency of the vertical synchroniz-
ing pulses is also 60 cps.

1+8 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.
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Brightness. Thisis the overall or average intensity of illumination, which
determines the background level in the reproduced picture. The illumina-
tion of individual picture elements can then vary above and below this aver-
age level. The brightness must be enough to provide a picture that can easily
be seen in daylight or in a room with normal lighting. This presents a
problem because the fluorescent screen of the kinescope is illuminated on
only one small spot at a time. Therefore, the brightness 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 adequate brightness.
Brightness on the screen depends on the amount of high voltage for the
kinescope and its d-c bias in the grid-cathode circuit. In television receivers
the brightness or background control varies the kinescope bias.

Contrast. By contrast is meant the difference in intensity between black
and white parts of the reproduced picture, as distinguished from bright-
ness, which is average intensity. The contrast range should be great enough
to produce a pleasing picture, with bright white and dark black for the
extreme intensity values. The amount of a-c video signal determines the
contrast of the reproduced picture, as the signal amplitude decides how
intense the white will be, compared with black parts of the signal. Little
contrast means a weak picture that is soft in appearance but dull and flat.
Excessive contrast makes the picture appear hard, usually with distortion of
the gray values. In television receivers, the contrast control varies the
peak-to-peak amplitude of a-c video signal coupled to the kinescope grid-
cathode circuit.

The contrast of the picture as you view it also depends on brightness,
mainly because the background level determines how black the darkest
parts of the picture will be. Furthermore, the room illumination affects how
the black looks. Keep in mind the fact that black in the picture is the same
light level you see on the kinescope screen when the set is shut off. With a
picture, this level looks black in contrast to the white fluorescence. How-
ever, the black cannot appear any darker than the room lighting reflected
from the kinescope screen. The surrounding illumination must be low
enough, therefore, to make black look dark. At the opposite 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 reproduced. With
many small picture elements, the fine detail of the image is evident. There-
fore, as many picture elements as possible should be reproduced to have a
picture with good definition. This 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 back-
ground. The improved quality of a picture with more detail can be seen in
Fig. 1-10, which shows how more picture elements increase the definition.

In our commercial television broadcasting system, the picture repro-
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Fig. 110 Piciure quality improves with more detail. ¢a) Coarse structure hav-
ing few details and poor definition. (b) Fine detail and good definition.

duced on the kinescope screen is limited to a maximum of 150,000 picture
elements, approximately, counting all details horizontally and vertically.
This definition allows about the same detail as in 16-mm film. The maxi-
mum applies to any size frame, since detail depends on the number
of scanning lines and bandwidth of the transmission channel.

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 (see Fig. 1-11). Approximately the same aspect
ratio is used for the frames in motion-picture film. Making the frame wider
than the height allows for motion in the scene, which is usually in the hori-
zontal direction.

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

Viewing distance. Too close to the screen, we see all the details, but the
speckled grain called snow in the picture is visible and individual scanning
lines make the reproduction look coarse. Farther away, the fine picture de-
tail may be wasted. The best viewing distance is a compromise, therefore,
about four to eight times the picture height.



the television system 13

19 Television channels

It takes only 1/15,750 sec or 63.5 psec to scan one line from left to right
and retrace to start another line. Within each horizontal line there are
many picture elements. Because so much picture information must be con-
tained in an electric signal within so short a period of time, signal voltages
of high frequency are produced. These video signal frequencies are as high
as 4 million cycles per second. Since the frequency of the picture carrier
wave that is used to transmit the signal must be above 4 Mc, television
broadcast stations use transmitting frequencies much higher than the
standard broadcast band (535 to 1,605 k¢) for radio broadcast stations. Also,
a much wider band of frequencies is necessary for transmitting a television
program. The band of frequencies assigned to a broadcast station for
transmission of their signals is called a channel.

Each television broadcast station is assigned by the Federal Communi-
cations Commission (FCC) a channel 6 Mc wide in one of the following
television broadcast bands: 54 to 88 Mc, 174 to 216 Mc, and 470 to 890
Mc. The 54- to 88-Mc and 174- to 216-Mc bands are in the very-high-
frequency (VHF) spectrum of 30 to 300 Mc originally used for television
broadcasting. The 54- to 88-Mc band includes channels 2 to 6, inclusive,
which are often called the low-band VHF television channels; the 174- to
216-Mc band includes channels 7 to 13, inclusive, which are the high-band
VHF television channels.

Fig. 111 Picture with correct aspect ratio. (Zenith Radio Corp.)
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4. The width of the channel assigned to a television broadcast station is
6 Mc. This bandwidth applies to VHF channels and UHF channels.
either for monochrome or color.

5. The associated sound is transmitted as an FM signal. The sound carrier
signal is included in the 6-Mc television channel.

6. The picture carrier is amplitude-modulated by both picture and syn-
chronizing signals. The two signals have different amplitudes on the
AM picture carrier.

7. The aspect ratio of the picture is 4 units horizontally to 3 units verti-
cally, or 1.33.

SUMMARY

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

2. Picture clements are converted to clectric signal by the camera tube at the studio. This
becomes the video signal to be broadcast to receivers. The picture 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 horizontal 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.

6. For vertical scanning, the 525 lines in each frame are divided into two fields, each with
262% lines. Odd fields contain odd lines; even fields have cven lines. Each odd field is in-
terlaced with an even field to provide a complete frame. This procedure is called inver-
laced scanning.

7. The vertical scanning frequency is the ficld rate of 60 cps.

8. The horizontal scanning frequency is 15,750 cps. equal to 525 X 30. or 262% X 60. The
time to scan one horizontal line, including trace and retrace, equals /15,750 sec or 63.5
psec.

9. Synchronization is necessary to time the scanning with respect to picture information.
The horizontal and vertical synchronizing pulse frequencics are 15,750 ¢ps and 60 cps, re-
spectively, the same as horizontal and vertical scanning frequencies.

10. Brightness is the average or overall illumination. On the Kinescope screen, brightness
depends on high voltage and d-c grid bias for the picture tube.

1. Contrast is the difference in intensity between black and white parts of the picture. The
peak-to-peak a-c video signal amplitude determines contrast.

12. Detail, resolution, or definition is a measure of how many picture clements can be re-
produced. 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 Mc wide to include the AM pic-
ture carrier signal and FM sound carrier signal. The television channel frequencies are in
the VHF and UHF bands.

I5. In color television broadcasting, red, green, and blue video signals corresponding to the

color information are converted into luminance and chrominance signals for transmission
in the standard 6-Mc broadcast channel. The luminance signal has black-and-white in-
formation for monochrome receivers; the chrominance signal provides the color informa-
tion for color receivers.

SELF-EXAMINATION (Answers at back of hook.)

1

Fill in the missing word or number in the following statements:
. Picture frames are repeated at the rate of 3 < per second.

2. The number of scanning lines is 5 2.5 per frame.
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. The number of scanning lines is 262 = per field.

. The number of fieldsis _2 __ per frame.

. The number of scanning lines is /3 757 per sccond.

. The time for one scanning line is 43, 5 usec.

. The horizontal line-scanning frequency is 73 277 cps.

. The vertical field-scanning frequency is £&  cps.

9. Video signal amplitude determines the picture quality called

10. The number of picture elements determines the picture quality called
I1. Visual information is converted to electric signal by the{a.« 2 tube.
12. Video signal is converted to light by the2.c¢®tube.

13. The bandwidth of a television channelis 6 _ Mc.

14. The type of modulation on the transmitted picture carrier signal is A, Lo m

15. The type of modulation on the transmitted sound carrier signal is ./~ /] . c lwm‘/{ 2 = 54‘ JO
16. The assigned band of frequencies for channel 7 is /24 19¢Mc.

17. Scanning in the receiver is timed correctly bySmcdr22’pliles from the transmitter.

[o N e NV I N v

18. Retraces are not visible because of J "Pulses.
19. Black on the kinescope screen results from ‘voltage on the kinescope grid.
20. The trequency of the horizontal synchronizing pulses is £ 29% cps.

ESSAY QUESTIONS

. Why is the television system of transmitting and recciving the picture information called a
sequential method?

. 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 and give the function of each.

. Why is the sawtooth waveform the required waveshape for linear scanning?

. How is flicker eliminated by using interlaced scanning?

. How would the reproduced picture look if it were transmitted with the correct aspect ratio
of 4:3, but on the kinescope screen at the receiver the frame was square?

NS s Wi

PROBLEMS (Auswers 10 odd-numbered problems ar back of book.)

1. Calculate the time of one horizontal line for the following examples: (@) frames repeated
at 60 cps, with 525 lines per frame (for progressive scanning); (b) frames repeated at 25
cps with 625 lines per frame (for European standards).

2. Give the frequencies included in channels 2, 4, 9, 13, and 31.

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

4. How does the reproduced picture look without vertical synchronization?

5. How long does it take to scan across 2 picture elements if 400 are scanned in 50 psec?



The picture signal begins at the television camera. As illustrated in Fig.2- 1,
light from the scene is focused by an optical lens onto the photosensitive
surface of the camera tube. Note that the lens inverts the optical image so
that top left in the scene becomes bottom right in the image. Figure 2-2
shows a television camera with several different lenses on a turret mount
tor close-up views or long shots of the televised scene. With the optical
image of the scene focused on the photosensitive surface, the camera tube
can then convert the picture elements into a succession of electrical varia-
tions corresponding to the visual information. There are two main require-
ments. First, the camera must have photoelectric properties to convert
variations of light intensity into electrical variations. Second, the scanning
process is necessary to produce signal varations for each of the picture
elements, one at a time, in successive order, to televise all the visual infor-
mation in the complete image.

2+1 Photoemission

Certain metals emit electrons when light strikes the surface. The emitted
electrons are photoelectrons, and the emitting surface is a photocathode.
Especially sensitive to light is the group of elements called alkali metals,
which inctude cesium, sodium, potassium, and lithium. Cesium oxide is
often used because its photoemission is most sensitive to incandescent
light. The photoelectric action is practically instantaneous. Furthermore,
the number of photoelectrons emitted can be made directly proportional
to the amount of incident light. Therefore, the electric-signal variations
correspond exactly to the variations in light intensity. This is the funda-
mental action by which the optical image is converted to an electrical
1mage.

The photocathode can be enclosed in a vacuum with a positive anode to
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Fig. 21 Televising an image with vidicon type of camera tube.
External coils for focusing and deflecting the eleciron beam are not
shown.

collect the emitted electrons, forming a phototube such as the one in Fig.
2-3a. This photoelectric cell has a large curved cathode to intercept max-
imum light. Its inner surface is coated with a light-sensitive material that
emits photoelectrons. The narrow wire down the center is the anode. With
100 to 400 volts positive on the anode, typical values of photoelectric cur-
rentare | to4 pa. Because the photoelectric current is so little, a large amount
of amplification is necessary. The phototube in Fig. 2:3h includes an
electron multiplier to amplify the photoelectric current. Here the photo-
cathode is a coating on the inside of the glass faceplate at the top. This

Fig. 2-2  Television camera with four lenses of different focal lengths mounted on
a revolving turret. The long barrel has a zoomar lens for extreme close-ups. An
image orthicon camera tube is wsed in this canera head. (RCA.)




Fig. 2-3

Typical vacuwm phototubes. (a) Di-
ode type. Curved surfuace is photo-
cathode and wire down center is
anode. (b) Multiplier phototube. This
is head-on type with semitransparent
photocathode at top and electron
mudtiplier below.
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photocathode is semitransparent so that light can produce photoemission
from the rear surface.

Phototube amplifier circuit. Figure 2-4 illustrates how a photoelectric
tube can be used with a conventional amplifier circuit. When the cathode
surface in the phototube is illuminated by the light source, the electron
flow resulting from photoelectric emission is from cathode to the positive
anode, through the anode supply D, and back to cathode through the ex-
ternal load resistor R;. The voltage drop across Ry produced by the photo-
electric current is connected between grid and cathode of the amplifier
tube. Any changes in grid voltage vary the amount of plate current flow-

Fig. 24 Phototube circuit with amplifier.
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ing in the amplifier, thus providing an appreciable signal in the output cir-
cuit, which corresponds to the original photoelectric signal. Additional
stages can be used after the first amplifier to produce the desired amount
of amplification.

Secondary emission and multiplier phototubes. Metals have the property
of emitting electrons when their surfaces are bombarded by incident elec-
trons having a high velocity. This is called secondary emission, and the
electrons emitted from the metallic surface by the incident primary elec-
trons are called secondary elecirons. These are not the same electrons that
originally strike the surface but must be new electrons ejected from the
metal, because there can be more secondary than primary electrons.
Aluminum, as an example, can release seven secondary electrons for each
incident primary electron. Almost all materials can produce secondary
emission when the incident electrons have enough velocity.

Phototubes and camera tubes often include an electron-multiplier struc-
ture, making use of the secondary-emission effect to amplify the small
amount of photoelectric current. The electron multiplier is a series of cold
anode-cathode electrodes called dynodes mounted internally, with each at
a progressively higher positive potential as illustrated in Fig. 2-5. The few
electrons emitted by the photocathode are accelerated to a more positive
dynode. Then the primary electrons can force the ejection of secondary-
emission electrons when the velocity of the incident electrons is great
enough.

The average number of electrons emitted from a dynode by each pri-
mary electron may be only three or four, depending on the potential and
the type of surface. However, the number of electrons available is multi-
plied each time the secondary electrons strike the emitting surface of the
next more positive dynode. The electron multiplier can be very useful,
therefore, as a noise-free amplifier for very small photoelectric currents.
Very little noise is produced while amplifying the current in an electron
multiplier because it has no resistors. A relatively high voltage supply is

Fig. 2-5  llustrating an electron muliiplier for a phototube.
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necessary for operation, however, because each stage must be at a pro-
gressively higher potential.

2+2 Flying-spot camera

The arrangement shown in Fig. 2-6 is called a flying-spot camera be-
cause the spot of light moves over the image to scan the entire picture. This
system combines the phototube and amplifier circuits with an electron
scanning beam to convert an optical image to the desired camera signal. The
screen of a cathode-ray tube is the source of light. Within the tube, the
electron-gun structure produces a beam of electrons aimed at the fluores-
cent screen. Where the electron beam strikes, it produces a small spot of
light. Scanning current in the deflection coils provides varying magnetic
fields for horizontal and vertical scanning to move the light spot over the
entire face of the tube. The brightness of the light spot is made as high as
possible without burning the screen, to provide maximum light for the
image. The entire assembly is enclosed in a lightproof case.

With the televised scene on a transparent film strip or slide, as shown in
Fig. 2-6, the light from the scanning spot passes through the film to the
phototube. The amount of light received by the phototube varies with the
density of the film. Using a positive transparency, white parts of the pic-
ture are less dense and allow more light to go through. As the light spot
scans the entire image, the amount of light to the phototube varies with
the desired picture information. Then the output of the phototube con-
tains signal variations for all the picture information, to provide the desired
camera signal output. The electron-multiplier type of phototube is gen-
erally used for increased sensitivity, with the film very close to the kinescope
screen for maximum light (see Fig. 2-7).

The flying-spot scanner is a convenient method of televising film slides.
Excellent picture quality is obtained because of high-speed scanning by
the electron beam, sensitive phototubes, and special flying-spot kinescopes
that produce enough light.

Flying-spot kinescope. A common type is the 5ZP16 in Fig. 2-7. This
cathode-ray tube has a 5-in.-diameter screen on a flat faceplate. It uses
magnetic deflection but electrostatic focusing. The P16 phosphor for the
screen produces purple florescence, near the ultraviolet-light spectrum, to
be used with phototubes that are also sensitive to ultraviolet light.

Fig. 2-6 Flying-spot scanner urrangement. @




camera tubes 23

Film-slide holder

Phototube F|ying.spot

kinescope

Deflection coils
in yoke

Fig. 2+ 7 Flying-spot scanner to generaie signals for tesiing lelevision receivers.
(B and K Manufacturing Co.)

Electron-gun structure. Enclosed in a vacuumed glass bulb, in the
narrow part near the tube base, the gun produces a narrow beam of high-
velocity electrons. Since the clectrons emitted from the cathode must be
concentrated into a beam and pass through the clectrodes they are con-
structed in the form of a metal cylinder with a small pinhole or aperture.
Referring to Fig. 2- 8, at the left is the cathode. This is a thin metal sleeve
enclosing the heater coil. Fitted on the cathode sleeve is a cap with a re-
cess in the center to hold the oxide mixture that is heated to produce
thermionic emission.

Directly after the cathode is the control-grid cylinder, with an aperture
of 0.04 in. This sleeve actually encloses the cathode so that the negative
grid bias can control the amount of beam current. The next two elements
are accelerating electrodes, with positive voltages applied to attract elec-
trons away from the cathode toward the screen. The positive accelerating
voltages become progressively greater with the highest voltage on the final
anode. Usually the anode is a conductive coating on the inside of the glass
envelope. A separate anode connector is used for the high voltage, which
is about 25,000 volts for flying-spot kinescopes.

Although the negative electrons repel each other, tending to form a
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Fig. 2-8
Structure of electron gun in flying-spot

i\ kinescope.
“

diverging beam, the accelerating grid voltage can be adjusted to focus the
electrons at a sharp point on the screen. This method is electrostatic focusing,
but magnetic focusing is used where the gun has only one accelerat-
ing electrode. The deflection coils mounted around the tube are supplied
with horizontal and vertical deflection current to make the electron beam
scan the screen. This example of an electron-gun structure applies to pic-
ture tubes and camera tubes. In picture tubes the electron beam scans the
screen; in camera tubes the beam scans an image plate or target plate.

2-3  Types of camera tubes

A camera tube includes in its vacuumed glass envelope (1) a photo-
electric image plate that converts the visual information into electrical var-
iations and (2) an electron gun for scanning the image to provide camera
output signal for all the picture elements. The three main camera tubes, in
their order of development, are the iconoscope (Fig. 1-3), image orthicon
(Fig. 2-9), and vidicon (Fig. 2- 13). The iconoscope, invented in 1928 by
V. K. Zworykin, was commonly used for televising film but has been re-
placed by the vidicon. Not including film cameras, though, the image
orthicon is the camera tube generally used in television broadcasting be-
cause of its high sensitivity. The vidicon is commonly used in small,
portable television cameras because of its small size.

Camera sensitivity. This is the ratio of signal output voltage to the in-
cident illumination. High sensitivity enables the camera tube to produce
enough signal with moderate light. When the camera matches the sensitiv-
ity of the human eye, all types of scenes can be televised without restric-
tions on light level. This is especially important for remote pickups in the
ficld, as the light level usually cannot be controlled outside the studio. In
addition, high sensitivity provides benefits in the optical system for the
camera. Smaller lens apertures can be used, improving depth of field while
reducing the size and cost of the lenses needed to supply enough light for
the camera.
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Instantaneous pickups. The flying-spot camera is an instantaneous pickup,
as it produces camera signal output for the light on each picture element
only at the instant it is scanned. Most of the illumination is wasted.
Because it cannot store the effect of light on an image plate, any instan-
taneous pickup has low sensitivity. Another example is the image dissector,
an early type of camera tube invented by P. T. Farnsworth.

The storage principle. In storage-type camera tubes, the effect of illum-
ination on every picture element is allowed to accumulate between the
times it is scanned in successive frames. As an example, in the iconoscope
the optical image is stored as a distribution of different electrical charges
on the mosaic image plate. The charge image can be stored because each
photoelectric globule on the mosaic plate is insulated from the others. As
the plate is scanned by the electron gun, however, each point is discharged
by the electron beam. Then signal current is produced in the circuit con-
nected across the two output terminals on the glass bulb. In this case, the
effect of light from the scene is stored in the electrical charge pattern on
the mosaic plate. Each point stores charge from the time it is scanned in
one frame until the same point in the next frame. With light storage, the
amount of photoelectric signal can be increased 10,000 times, approxi-
mately, compared with an instantaneous system.

The image orthicon and vidicon also use the storage principle. These
two camera tubes will now be described in detail.

2+4 Image orthicon!

Because of its high sensitivity, any scene visible to the eye can be tele-
vised with this camera tube. It is constructed in three main sections within
the vacuumed glass envelope: the image section, scanning section, and
electron multiplier (see Fig. 2-9). 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 signal.

Image section. The inside of the glass faceplate at the front is coated
with a silver-antimony surface sensitized with cesium, to serve as the
photocathode. This semitransparent photocathode receives the light image
on the front side, while electrons are released from the opposite side fac-
ing the target.

The number of electrons emitted at any point in the photocathode is
directly proportional to its illumination. Therefore, the photoelectrons have

1 For more details on the image orthicon, see A. Rose, P. K. Weimer, and H. B. Law, Proc.
IRE, July, 1946.
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a distribution corresponding to the light variations in the optical image,
forming an electron image of the picture. This electron image extends out-
ward from the photocathode surface like bristles of a brush. However, the
photocathode cannot store charge because it is a conductor. For this reason,
the electron image is made to move to the glass target plate, which can
store the charge image. Since the target plate is about 400 volts more
positive than the photocathode, the photoelectrons emitted are attracted
to the target. Although electrons tend to repel each other, this diverging
effect is remedied by using a long-focus coil that extends over the image
section. As a result, the electron image is focused at the target in order to
produce a charge distribution on the target plate corresponding to the
image.

The glass target plate is 1% in. wide and only 0.0001 in. thin. Because it
is so thin, both sides have the required charge image. The charge is pro-
duced on the image side but is scanned on the opposite side.

Mounted close to the target on the photocathode side is a very fine wire-
mesh screen. It has 500 to 1,000 meshes per inch, with an open area of 50
to 70 per cent so that the screen wires do not interfere with the electron
image. The target assembly, including the glass plate and aluminum-mesh
screen, is connected to a voltage source that can be adjusted for the best
picture. Connections for all the image-section supply voltages are made
through the pins mounted on the wide shoulder of the tube envelope, as
can be seen in Fig. 2-9.

The scanning section. The electron-gun structure produces a beam of
electrons that is accelerated toward the target. As indicated in Fig. 2+9,
positive accelerating potentials of 160 to 330 volts are applied to grid 2,
grid 3, and grid 4, which is connected internally to the metalized conduc-
tive coating on the inside wall of the tube. The electron beam is focused at
the target by the magnetic field of the external focus coil and by the volt-
age supplied to grid 4. The alignment coil provides a magnetic field that
can be varied to adjust the scanning beam’s position exactly to correct for
any mechanical misalignment of the electron gun. Deflection of the elec-
tron beam to scan the entire target plate is accomplished by the magnetic
field of the vertical and horizontal deflecting coils mounted externally on
the tube.

The target plate is close to zero potential. Therefore, electrons in the
scanning beam can be made to stop their forward motion at the surface
of the glass, and then return toward the gun structure. The grid 4 voltage
is adjusted to produce uniform deceleration of electrons for the entire
target area. As a result, electrons in the scanning beam are slowed down
near the target. Depending upon the potential of individual areas in the
target, some scanning-beam electrons land on the target while others stop
at the glass surface and turn back to go toward the electron-multiplier struc-
ture. The electrons that return from the target provide the desired signal
current. These return electrons are primary electrons, since the low-velocity
scanning beam cannot produce secondary emission.
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Fig. 2-9 Image orthicon camera tube. (a) Tube is 15%: in. long,
3 in. wide at front fuce. and 2 in. wide ul narrow section.
(h) Consiruction and operating voliuges. All voliuges indicated
with respect 10 zero volis at cathode of electron gun. (RCA.)

The electron-multiplier section. The return beam from the target goes
to the electron multiplier for amplification of the signal current. As illus-
trated in Fig. 2- 10, the multiplier consists of several dynodes constructed
as metal disks with cutouts, like a pinwheel (see Fig. 2+ 11). Each dynode
is at a positive potential 200 to 300 volts greater than the preceding dynode.

Electrons returning from the target strike a disk on grid 2, which also
serves as the first dynode of the multiplier section. The second dynode is a
32-blade pinwheel mounted behind dynode I. Primary electrons from
dynode 1 strike the blades of dynode 2 to produce more secondary elec-
trons, which are attracted through the stots to the next stage. The same
action occurs for cach succeeding dynode. Five multiplier stages are used,
each with a gain of approximately 4, providing a total gain of 4 x 4 X
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Fig. 2:10 Action of electron multiplier in image orthicon.

Fig. 2- 11 Pinwheel dynodes in image orthicon. (RCA.)

4 X 4 X 4, or about 1,000. The secondary elec-
trons are finally collected by the anode, which is
connected to the highest supply voltage of + 1,500
volts, 1n series with load resistor R,. The anode
current through R, has the same variations that
are present in the return beam from the target,
amplified by the gain of the electron multiplier.
Therefore, the voltage across Ry is the desired
output, which is capacitively coupled to the
camera signal amplifier.

Camera signal. The scene to be televised is
focused by means of a suitable optical lens through
the glass window of the tube directly onto the
photocathode. Photoelectrons are emitted from
the cathode surface in direct proportion to the
light and shade in the scene, converting the opti-
cal image into an electron image. The electron
image 1s accelerated toward the target, which is
at a potential about 400 volts more positive than
the negative photocathode.

When the photoelectrons in the electron image
strike the target, secondary electrons are emitted
from the screen side of the glass plate to produce
a positive charge pattern on the plate. The charge
1s positive because the number of secondary elec-
trons emitted is greater than the number of pri-
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mary electrons. Brighter parts of the picture produce more photoelectrons
and, therefore, more secondary emission. This makes the target more
positive for the bright parts of the optical image, compared with dark
areas in the picture. Secondary electrons ejected from the target are col-
lected by the mesh screen close by so that they do not accumulate and cannot
retard the secondary-emission process. As a result, a charge image is pro-
duced on the target plate corresponding to the picture elements in the
optical image.

The light-storage principle is utilized effectively here as light in the
image continuously provides photoelectrons that produce secondary emis-
sion, and the secondary electrons are removed by the wire screen to allow
the charge to accumulate on the target plate. The charge distribution is
preserved because the glass target plate has high electrical resistance along
the surface. In this direction the glass plate is very narrow and has enough
resistance to prevent the charge distribution from equalizing itself during
the frame time of '30 sec. In the front-to-back direction, however, the glass
target plate is a conductor of very large diameter and has a low resistance.
Therefore, the charge pattern appears on both sides of the target. The
brightest elements of the light image are most positive.

At the same time that the charge pattern is being formed on the target
plate, it is scanned by the beam from the electron gun. The scanning-beam
electrons have very little forward velocity at the target, but where the
glass plate has a positive charge some of the scanning-beam electrons are
attracted to land on the target. Enough electrons must be deposited on the
glass plate from the electron stream to neutralize the positive charge.
Therefore, more positive parts of the target require a greater number of
electrons from the scanning beam than the less positive areas. The elec-
trons in the beam in excess of the amount required to neutralize the
charge on the spot being scanned can then turn back from the target and
return to the electron gun.

As the electron beam scans the target, therefore, the charge distribution
corresponding to the picture elements in the light image determines how
many scanning electrons are returned toward the electron gun. Darker
picture elements produce less positive areas on the target, and need fewer
deposited scanning-beam electrons to neutralize the charge. A larger
number of electrons from the scanning beam are returned to the electron
gun for these elements. White picture elements produce more positive
areas on the target, and fewer electrons turn back to the electron gun
from these areas. In this way, an electron stream is started on its way back
to the electron gun from the target plate, with variations in magnitude that
correspond to the charge distribution on the target plate and the picture
elements in the optical image.

The returning stream of electrons arrives at the gun close to the aper-
ture from which the electron beam emerged. The aperture is part of a
metal disk covering the gun electrode. When the returning electrons strike
the disk, which is at a positive potential of about 300 volts with respect to
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Light-transfer characteris-
tics of image orthicon type 7513. (RCA.)
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the target, they produce secondary emission. The disk serves as the first
stage of an electron multiplier. Succeeding stages of the electron multiplier
are arranged symmetrically around and back of the first stage. Therefore,
secondary electrons are attracted to the dynodes at progressively higher
positive potentials. Five stages of multiplication are used. Since the
amplified current from the final stage of the multiplier varies in magnitude
with the picture information in the televised scene, the voltage output
across load resistor Ry, is the desired camera signal. With a signal current
of 5 pa from the highlights in the scene and a 20,000-ohm Rj, as typical
values, the camera signal output from the image orthicon is 100,000 pv, or

0.1 volt.

The signal action in the image orthicon can be summarized briefly as
follows:

1. Light from the televised scene is focused onto the photocathode, where
the light image produces an electron image corresponding o 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 corresponding to the picture elements in the scene. White is
most positive.

4. The low-velocity scanning beam from the electron gun provides elec-
trons 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 elec-
tron gun.

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

6. The returning signal current enters the electron multiplier, where the
current is amplified. The amplified current flowing through the load
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Plate VII Addition of colors.
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Plate VIII  Relative brightness response of the eve. («) Hues of different wavelengths.
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resistor in the multiplier’s anode circuit produces the camera signal out-

put voltage.

Sticking picture. This 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 warm-up. The sticking picture can
usually be erased, however, by focusing on a clear white screen or wall.
The time required to erase a sticking picture is usually a few minutes, but
several hours may be necessary with older tubes. After the image orthicon
is operated for 200 to 300 hr, it should be idle for 3 or 4 weeks to recover
its original resolution and sensitivity. Steady use of the image orthicon
causes cesium migration from the photocathode to the target, especially
if the cesium surface is much hotter than the target plate.

Applications. The image orthicon is the camera tube generally used for
live shows in the studio and in field cameras for televising sports and news
events in black and white or in color. Matched sets of three are available
for color cameras. One type of image orthicon has closer target-to-mesh
spacing for very high sensitivity in remote camera pickups operating at
very low light levels. However, this type has less resolution. A 4/%-in.
image orthicon is made with a larger photocathode and target area for
increased detail in televising shows to be recorded on video tape.

The close-spaced image orthicon with extra sensitivity is equivalent to
an ASA rating of 1,000 to 3,000 for film speed; the others correspond to
ASA 400, equal to the fast Tri-X black-and-white film. The optical lenses
are the same size used for 35-mm film, with focal lengths of 30 mm for
long shots, 50 mm for medium view, and a telescopic longer lens for close-
ups. Usually the long lens is the zoom type, which can maintain focus while
being moved in and out manually or automatically.

Light-transfer characteristic. Referring to Fig. 2- 12, note the straight-
line relation between light on the photocathode and camera signal, up to
the knee at 10 pa output current. The linear characteristic is the reason
for the name “orthicon,” which means straight. For instance, increasing
the light on the photocathode from 0.01 to 0.02 ft-candle doubles the out-
put current from 4 to 8 ma.

One foot-candle unit is the illumination of a standard candle on a
perpendicular surface 1 ft away. As examples, average indoor daylight is
about 100 ft-candles; the required light on a library reading table is at least
10 ft-candles.

2+5 Vidicon

As shown in Fig. 2-13, the vidicon? is a very small camera tube of
relatively simple construction. It has just a photosensitive target plate and
electron gun. With the optical image focused on the target, it produces a

2 For more details on the vidicon, see P. K. Weiner, S. V. Forgue, and R. R. Goodrich, RCA
Review, September, §951.
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Fig. 2-13 Vidicon camera rube. (a)
Tube is 6% in. long and I in. wide. (h)
Construction and operating voliages.
(RCA)

(k)

charge image thatis scanned by the electron beam from the gun. The image
size on the target is only ' by % in. The scanned raster is smaller than the
faceplate to minimize distortion in the corners. Average illumination
required is about 150 ft-candles in the scene or | to 10 ft-candles on the
target plate. The vidicon has generally replaced the iconoscope for film
cameras in television broadcasting. In addition, its small size allows many
new applications in portable, economical vidicon cameras for educational
and industrial uses in closed-circuit television.

Target. The target has two layers. One is a transparent film of conduct-
ing 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 coat-
ing of photoconductive material. Either selenium or antimony compounds
are used. The photoconductive property means that its resistance de-
creases with the amount of incident light.

Charge image. The photolayer is an insulator with a resistance of
approximately 20 megohms for the 0.00003-in. thickness, in the dark.
Incident light can reduce the resistance to 2 megohms, as indicated in Fig.
2+ 14. Note that the image side of the photolayer contacts the signal plate
at a potential of +40 volts, with respect to cathode. The opposite side re-
turns to cathode through the electron beam, which has a resistance of 90
megohms approximately. With an image on the target, the potential of
each point on the gun side of the photolayer depends on its resistance to
the signal plate at +40 volts. As examples: a white area with low resist-
ance can be close to the signal-plate voltage, approximately at 439.5
volts; the potential of a dark area with high resistance is lower at 435
volts. The result then is a pattern of positive potentials on the gun side of
the photolayer, producing a charge image corresponding to the optical
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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. 2- 14, the gun includes a heated cath-
ode, control grid (No. 1), accelerating grid (No. 2), and focusing grid
(No. 3). The electrostatic field of grid 3 and the magnetic field of an
external-focus coil are both used to focus the electron beam on the target
plate. Deflection 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 internally. Grid 4 is a wire mesh
to provide a uniform field near the target plate. Since the target is at a lower
potential of 20 to 45 volts, compared with 250 to 300 volts on grid 4, elec-
trons 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 produc-
ing secondary emission from the photolayer.

Signal current. Each point in the charge image has a different positive
potential on the side of the photolayer toward the electron gun. Electrons
in the beam are then deposited on the photolayer surface, reducing the
positive potential 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 potential is close to the +40 volts on the signal plate just be-
fore 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 K, For
black in the picture, where the photolayer is less positive than white areas,
the deposited electrons cause a smaller change in signal current.

The signal current results from the changes in potential difference be-
tween the two surfaces of the photolayer. The path for signal current can
be considered a capacitive circuit provided by 5 puf capacitance of the sig-
nal plate to the electron gun. Considering polarity, the output signal
produces the least positive or most negative voltage output across R, for

Fig. 2-14 Signal circuit for camerda signal output of vidicon.
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white highlights in the image. With 1 ft-candle illumination on the target,
adjusted for a dark current of 0.02 pa, white highlights can produce 3 pa
signal current for a voltage drop of 0.15 volt across the 0.05-megohm load
resistor.

Applications. Four types of vidicon are manufactured for its many
uses. One vidicon is for high-quality pictures in televising film for com-
mercial broadcasting, either for monochrome film or in a set of three for
color television. Another vidicon type has very high sensitivity for indus-
trial uses in closed-circuit television. This vidicon has a sensitivity cor-
responding to the ASA rating of 600 for film speed. A vidicon camera for
this application is shown in Fig. 2-16. The other two vidicon types
are shorter with low heater-power requirements for transistorized cameras.
One of these is for use under severe shock and vibration in military
applications. Vidicon cameras are used in man-made satellites to televise
pictures of the cloud cover around the carth to improve weather forecasting.
The optical lenses for vidicon cameras are the same size used for 16-mm
film equipment.

Fig. 2+ 15  Light-transfer characteris-
2 tics of vidicon type 7263. (RCA.)

A B ;
Fig. 2-17 Spectral sensitivity charac-
teristic of image orthicon type 7037.
(RCA)

L L 1A

Fig. 2- 16 Small vidicon camera with 16-mm

lens mount for closed-circuit television. Entire — el
unit is 6 in. wide and weighs 12 Ib. (Thompson

Ramo Woolridge. Inc.)



camerda tubes 35

Light-transfer characteristics. Figure 2+ 15 shows three curves of vidicon
output current for different sensitivity requirements according to the
amount of illumination on the tube face. Each curve 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. Sensi-
tivity and dark current both increase as the target voltage is increased.
The top curve A provides maximum sensitivity for live-scene pickup with
highlight illumination as low as 2 ft-candles on the tube face. For this ap-
plication, 60 to 100 volts on the target produces 0.2 pa dark current. White
highlights at 2 ft-candles then produce output current of 0.3 pa. For
average sensitivity with live scenes, setting the target at 30 to 50 volts pro-
duces 0.02 pa dark current. Then white highlights at 15 ft-candles produce
output current of 0.4 pa. For film pickup with illumination at 100 ft-can-
dles, the target is at 15 to 25 volts for 0.004 pa dark current, and the
output current is 0.3 pa for white highlights.

2+-6 Closed-circuit television

Also called direct-wire television, this system means the camera signal is
not broadcast by radio but is connected by wire or cable directly to moni-
tors at a remote position where the picture is reproduced on the kinescope
screen. Generally, vidicon cameras are used because they are relatively
inexpensive and compact. In many cases, the camera circuits are transis-
torized. There are any number of uses in education and industrial
applications. Just a few examples are listed here.

Education. One teacher for multiple classrooms; close-up views of
experiments.

Industrial. Inspection, watch nuclear reactions, night watchman.

Strores. Train personnel, observe customers and salespeople.

Home. Door monitor, baby sitter, observe someone sick in bed.

Medicine. Show operation in detail to students, observe patients in
hospital.

Traffic Control. Observe both ends of tunnel or bridge, control freight
traffic in railroad yards.

In addition, there are many applications in sports, advertising, marine
or aviation traffic, and police or fire control.

2-7 Spectral response

This factor indicates sensitivity of the photosensitive surface in the
camera tube for different colors in the visible light spectrum. The graph
in Fig. 2- 17 for a typical image orthicon also indicates approximate color
response for the vidicon. Note the comparison with the spectral response
of the human eye. Although the eye is most sensitive to light having the
wavelengths for yellow-green, the camera tube responds best to blue.
Furthermore, the relative color response indicates how a colorful scene is
reproduced as different shadings in black and white. A blue blouse will be
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white but a red skirt will be dark gray, for the same illumination, while
orange colors between yellow and red will appear medium gray. In color
television, however, the entire visible spectrum is reproduced in the
original colors.

SUMMARY

L

o

Any instantaneous camera pickup produces output signal for the light in each picture ele-
ment only at the instant it is scanned. The flying-spot scanner is an instantaneous camera
pickup. In storage-type camera tubes, the effect of light is allowed to accumulate between
times the picture elements are scanned in successive frames. The image orthicon and
vidicon utilize the storage principle to increase camera sensitivity.

. The flying-spot camera pickup uses light from the screen of a kinescope as a flying-spot

scanner. Light from each spot on the kinescope screen passes through a film slide to
a photoelectric cell, which provides signal output.

. The image orthicon has an image section, electron gun for scanning, and an electron

multiplier to amplify the signal current. In the image section, light on the photocathode
produces an electron image by photoemission. These electrons are attracted to the thin
glass target plate. where secondary emission produces an image of positive charges cor-
responding to the electron image. The gun side of the target is scanned by a low-velocity
beam to deposit enough electrons to neutralize the positive charges. Excess electrons are
returned to the gun, where they enter the electron multiplier, for amplification by the dy-
node structure. The camera signal output is obtained as the varying voltage across the load
resistor in the anode circuit of the multiplier.

. The vidicon is a small camera tube with just the photoconductive target plate and electron

gun. At the front of the target is a layer that is conductive for the output connection and
transparent for the optical image to pass through to the photoconductive layer. The
selenium photolayer is an insulator in the dark but allows slight conduction with light. As
the electron beam scans the photolayer, light and dark elements allow more or less cur-
rent to flow in the signal-plate circuit. This varying current through a load resistor pro-
duces camera signal output voltage.

. In closed-circuit television, the camera signal is not broadcast. Vidicon cameras are gen-

erally used, connected by direct wire to monitors at a remote location where the picture is
viewed on the kinescope screen. The many applications include industrial. military, and
educational uses.

SELF-EXAMINATION (Answers at back of book.)
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Answer true or false.

. A photocathode emits photoelectrons.

. Phototubes can use an electron multiplier.

- A selenium photoconductive layer decreases its resistance with light.

A dynode emits secondary electrons.

. An clectron multiplier uses a series of dynodes.

Secondary emission from a point makes it positive.

. Photoemission from a point makes it positive.

. The flying-spot scanner is an instantaneous-type camera pickup.

. Light is effectively stored by the target plate in the image orthicon.

. In the image orthicon, maximum light on the photocathode causes maximum positive
charge on the glass target plate.

. Camera signal output of the image orthicon is taken from the anode of the electron
multiplier.

. The image orthicon has very high sensitivity because of the electron multiplier and charge
storage by the target plate.
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The photolayer in the vidicon emits photoelectrons.

The output signal current from the vidicon is approximately 3 pa, maximum for white.
The image orthicon spectral response is maximum for blue.

Closed-circuit television need not use FCC broadcast standards.

In the image orthicon, the target plate is scanned by the electron beam.

In the vidicon, the photolayer on the glass faceplate is scanned by the electron beam.
Camera signal output from any camera tube includes current variations with respect to
time, corresponding to light variations of the picture elements.

Typical output current from the image orthicon is 6 ma.

ESSAY QUESTIONS

Define the following: photocathode, photoconductor, photocelectrons, secondary electrons,
dynode.

. Describe briefly the operation of a flying-spot camera pickup, with a drawing to show the

physical arrangement.

. In the image orthicon, describe briefly the function of: (4) photocathode; (b) glass target

plate; (c) wire mesh of target; (d) decelerator grid 5; (e) dynode 1; (/) the anode in elec-
tron multiplier.

4. What causes sticking picture in the image orthicon? How is it erased?

wn

o0

. In the vidicon, what are the two layers of the target plate? Give the function of each.
. Make a drawing illustrating construction and operation of the vidicon. Explain briefly how

camera signal output is obtained corresponding to the optical image.

. Explain how the light-storage principle applies to: () the image orthicon; () the vidicon.
. Give two practical applications of the image orthicon and two for the vidicon.
. List five uses for closed-circuit television.

PROBLEMS (Answers 1o odd-numbered problems at back of book.)

1.

With 10 pa peak-to-peak output from an image orthicon, how much is the peak-to-peak
camera signal voltage across a 20,000-ohm R;?

. With 0.35 pa peak-to-peak output from a vidicon, how much is the peak-to-peak camera

signal voltage across a 50,000-ohm R.?

. An electron multiplier has five dynodes. Each emits six secondary electrons for a primary

electron. Assuming that two-thirds of the secondary electrons are attracted to the next
dynode, how much is the current amplification of the electron multiplier?

. Referring to Fig. 2+ 17, which color in the visible spectrum has the shortest wavelength?

Longest wavelength? Give their wavelengths in meters, angstrom (1071 m) units, and
millimicrons (102 m).

. Referring to the image orthicon light-transfer characteristics in Fig. 2- 12, how much out-

put current is produced by 0.005, 0.01, and 0.02 fi-candle on the photocathode?

. Referring to the vidicon light-transfer characteristics in Fig. 2 15, with 0.02 pa dark cur-

rent, how much output current is produced by 0.1, 1.0, and 10 ft-candles on the tube face?
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The electron scanning beam is continuously deflected in a standard se-
quence of horizontal lines to scan all the elements in the picture. On the
picture tube screen, the rectangular area of light produced by the electron
beam as it scans horizontally and vertically is called the scanning rasrer.
Figure 3- | shows the raster on the kinescope screen, without any picture
information. When video signal voltage is coupled to the kinescope con-
trol grid, the picture is reproduced on the raster. However, just scanning
the raster is not enough because the deflection must be synchronized at
the transmitter and receiver. To time the horizontal and vertical scanning
correctly. synchronizing pulses are transmitted to the receiver. With syn-
chronized scanning, the picture elements reproduced on the kinescope
screen have the same relative position as on the image plate of the camera
tube.

3+1 The sawtooth waveform for linear scanning

As an example of linear scanning consider the sawtooth waveshape in
Fig. 3-2 as scanning current in the deflection coils for an electromagnetic
tube. Let its peak value be 400 ma. If 100 ma is needed to produce a de-
flection 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.

If we consider horizontal scanning, this uniform rise of current in the
horizontal deflection coils deflects the beam across the screen with a con-
tinuous, uniform motion that has constant velocity for the trace from left
to right. At the peak of the rise the sawtooth wave reverses direction and
decreases rapidly to its initial value. This fast reversal produces the retrace
or flyback.

For linear vertical scanning the sawtooth deflection waveshape is pro-
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vided in a similar manner but 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, 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 saw-
tooth wave for vertical scanning deflects the beam to the bottom of the
raster. Then the rapid vertical retrace returns the beam to the top.

Both trace and retrace are included in one cycle of the sawtooth wave.
Since the number of complete horizontal lines scanned in | sec equals
15,750, for horizontal deflection the frequency of the sawtooth waves is
15,750 cps. For vertical deflection the frequency of the sawtooth waves equals
the field-scanning rate of 60 cps. The vertical scanning motion at 60 cps is
much slower than the horizontal sweep rate of 15,750, since many hori-
zontal lines must be scanned during one cycle of vertical scanning.

During flyback time, both horizontal and vertical, all picture informa-
tion 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

Fig. 3-1 Scanning raster
on kinescope screen. Retrace
lines are usually not visible.
This raster is not interlaced
because there is no vertical
synchronization.

Fig. 3-2 Sawrtooth scan-
ning wavefornt
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per cent of the total line period. With 63.5 usec for a complete line, 10 per
cent equals 6.35 usec 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 per cent of one complete cycle. A vertical re-
trace 3 per cent of %o sec, as an example, equals 0.0005 sec, or 500 psec.
Although vertical retrace is fast compared with vertical trace, note that
500 psec is long enough to include almost eight horizontal lines scanned
during vertical flyback, since one complete line is only 63.5 psec.

3+2 Standard scanning pattern

The scanning procedure that has been universally adopted employs hor-
izontal linear scanning in an odd-line interlaced pattern. The FCC scan-
ning specifications for television broadcasting in the United States pro-
vide 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 repeated at a rate of 30 per second with two fields interlaced in each
frame.

Interlacing procedure. Interlaced scanning can be compared with read-
ing the interlaced lines written in Fig. 3-3. 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 information would be available as though it were written 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. Afier this ver-
tical scanning cycle, a rapid vertical retrace 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 in-
clude the even scanning lines. With two fields per frame and 30 complete

The horizontal scanning lines are 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.

Fig. 33 Interluced lines. Read the first and odd lines first
and then the second and even lines.
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Fig. 3-4  Odd-line interlaced scanning procedure.

frames scanned per second the field repetition rate is 60 per second and
the vertical scanning frequency is 60 cps. In fact, it is the doubling of the
vertical scanning frequency from the 30-cps frame rate to the 60-cps 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 illustrated in Fig. 3-4. Actually, the electron gun aims
the beam at the center, which is where the scanning starts from. For con-
venience, however, 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 hori-
zontal 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 downward in the direction of scan-
ning because the vertical deflecting signal simultaneously produces a verti-
cal 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 doubling the ver-
tical scanning frequency from the frame repetition rate of 30 to the field
frequency of 60 cps. Deflecting the beam vertically at twice the speed
necessary to scan 525 lines produces a complete vertical scanning period
for only 262 Y2 lines, with alternate lines left blank. The electron beam scans
all the odd lines, then, finally 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. 3-4, the
beam moves from point B up to C, traversing a whole number of horizontal
lines.
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This vertical retrace time is long enough for the beam to scan several
horizontal lines. We can call these vertical reirace lines, meaning complete
horizontal lines scanned during vertical flyback. Note that the vertical re-
trace 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
retrace are not visible, though, because the electron beam is cut off by
blanking voltage during vertical flyback time.

Horizontal scanning during the second field begins with the beam
at point C in Fig. 3-4. This point is at the middle of a horizontal line be-
cause 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 vertical 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 one-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. 3 - 4. 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 retrace where the first
trace started because the number of vertical retrace lines is the same in
both fields. At point 4, 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 4 and are the same. All even fields begin
at point C and are the same. Since the beginning of the even-field scan-
ning at C is on the same horizontal level as 4 with a separation of one-
half line, and 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
requirement for this odd-line interlace is that the starting points at the top
of the frame be separated by exactly one-half line between even and odd
fields.

3+3 A sample scanning pattern

A complete scanning pattern is shown in Fig. 3+ 5 with the correspond-
ing horizontal and vertical sawtooth waveforms to illustrate odd-line inter-
lacing. A total of 21 lines in the frame is used for simplicity, instead of
525. The 21 lines are interlaced 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 as-
sume one line is scanned during vertical retrace for a convenient vertical
flyback time. Then 9% lines are scanned during vertical trace in each field.
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Fig. 3-5 A sample scanning pattern for 21 interlaced lines, with corre-
sponding sawiooth deflection waveform. Beginning at point A, the scanning
motion continues through B, C, D, and back 10 A again.

The entire frame has 2 X 9% or 19 lines scanned during vertical trace, plus
2 vertical retrace lines.

Starting in the upper left corner at 4 in Fig. 3+ 5, 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 vertical flyback begins. Notice that this
vertical retrace starts in the middle of a horizontal line. One line is scanned
during vertical retrace, consisting of two half lines in this illustration, slop-
ing upward in the direction of scanning. During this vertical retrace the
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scanning beam is brought up to point C, separated from point 4 by exactly
one-half line, to start scanning the second field.

Because of this half-line separation between points A and C the lines
scanned in the even field fall exactly between the odd lines in the previous
fietld. The beam then scans 9% even lines from point C down to D where
the vertical retrace begins for the even field. This vertical retrace starts at
the beginning of a horizontal 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. 3 - 5. These points
could all be shifted by any fraction of a horizontal line without loss of in-
terlace if the half-line difference were maintained. The half-line spacing
between the starting points in alternate fields is automatically produced 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 maintained precisely and the flyback
time on the vertical sawtooth wave is constant for all fields.

34 Flicker

Interlaced scanning is used because the flicker effect is negligible with
60 views of the picture presented each second. Although the frame repeti-
tion rate is still 30 per second, the picture is blanked out during each verti-
cal retrace 60 times per second. Then the change from black between
pictures to the white picture is too rapid to be noticeable. If progressive scan-
ning were used instead of interlacing, with all the lines in the frame simply

Fig. 3:6 Trapezoidal rasier. (a) Keysioned sides caused hy
unsymmetrical horizontal scanning. (b) Keystoned at top and
bottom because of unsymmetrical vertical scanning.

=‘ Fig. 3-7  Pincushion distortion of raster in (a) and barrel
Y distortion in ().
_———
_———
e———————
passss—=——
(b)

Fig. 3-8 Incorrect aspect ratio in raster. (a) Insufficient
width. (b) Insufficient height.

(4)
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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 eliminate
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 indi-
vidual lines are interlaced can cause flicker in small areas of the picture.
Any one line in the image is illuminated 30 times per second, reducing 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 horizontal objects in the
picture, such as the roof line of a house. Line crawl is an apparent move-
ment 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.

35 Raster distortions

Since the picture information is reproduced on the scanning lines, dis-
tortions of the raster are evident in the picture. Two common problems
are obtaining the correct aspect ratio and producing uniform deflection so
that the edges are not distorted with respect to the center.

Keystone effect. In Fig. 3- 64, the scanning lines at the top are wider
than those at the bottom, giving the raster the shape of a keystone. This
effect is also called 1rapezoidal distortion because the geometrical form of a
trapezoid has straight edges that are not parallel.

The keystone effect of Fig. 3- 64 occurs in the iconoscope camera tube
because the electron gun is not perpendicular to the image plate. In gen-
eral, though, keystoning or trapezoidal distortion is a trouble in the raster
caused by unsymmetrical deflection. Depending on whether horizontal or
vertical deflection is unbalanced, the raster can be keystoned left to right
as in a, or top to bottom as in b.

Pincushion and barrel distortion. If deflection is not uniform at the
edges of the raster, compared with the center, the raster will not have
straight edges. With the scanning lines bowed inward as in Fig. 3-7a, this
effect is called pincushion distortion. Barrel distortion is shown in b.

Incorrect aspect ratio. Two cases are illustrated in Fig. 3:8. In a
the raster on the kinescope screen is not wide enough for its height, com-
pared 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 distortion as
the raster. This raster needs more width. In b, the raster is too short for its
width and people in the picture will look too short and wide. This raster
needs more height.
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1

Fig. 3- 11 The synchronizing pulses.

The form of the synchronizing pulses is iltustrated in Fig. 3-11. Note
that all pulses have the same amplitude but differ in pulse width or wave-
form. The synchronizing pulses shown include from left to right three
horizontal pulses, a group of six equalizing pulses, a serrated vertical pulse,
and six additional equalizing pulses which are followed by three more
horizontal pulses. There are many additional horizontal pulses after the

(@

Fig. 3-12  Effects of no sync. (a} Pic
ture rolling up or down without vertical

\ syne. (b) Picture torn into diagonal
segments without horizontal sync.
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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 synchronization.

The five serrations are inserted in the vertical pulse at half-line intervals.
The equalizing pulses are also spaced at half-line intervals. These haif-line
pulses can serve for horizontal synchronization, alternate pulses being used
for even and odd fields. The reason for using equalizing pulses, however, is
related to vertical synchronization. Their effect is to provide identical wave-
shapes in the separated vertical synchronizing signal for even and odd fields
so that constant timing can be obtained for good interlace.

Since the equalizing pulses are repeated at half-line intervals their rep-
etition rate is twice 15,750, or 31,500 cps. Therefore, the horizontal pulse
frequency is one-half the equalizing pulse rate. Also, the vertical pulse fre-
quency is 60/31,500 or 1/525 of the equalizing pulse frequency. Since these
are exact submultiples, the horizontal and vertical timing pulses can be
obtained by frequency division of the equalizing pulses. In this way, all
the timing pulses are derived from a common synchronizing signal gen-
erator at the transmitter and their frequencies are automatically inter-
locked in the correct ratios. It may be of interest to note that frequency-
divider circuits are more practical for sync pulses, rather than the frequency
multipliers used for sine waves.

The synchronizing signals do not produce scanning. Sawtooth generator
circuits are needed to provide the deflection of the electron beam that pro-
duces the scanning raster. However, the sync enables the picture informa-
tion reproduced on the raster to hold still in the correct position. Without
vertical sync, the reproduced picture appears to roll up or down the raster;
without horizontal sync the lines of picture elements are reproduced
in diagonal segments. These effects are shown in Fig. 3+ 12.

SUMMARY

1. The sawtooth waveform for deflection provides linear scanning with uniform motion of
the beam. 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 wavetorm for horizontal deflection is the horizontal line rate of
15,750 cps.

3. The frequency of the sawtooth waveform for vertical deflection is the field rate of 60 cps.
Vertical flyback time 5 per cent or less of %o sec is long enough to include several complete
lines. These horizontal lines scanned during vertical retrace are vertical flyback lines.

4. 1n 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 successive fields

(]
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0.

start scanning one-half line away from the previous field, interlacing odd and even lines in
the frame.

. Interlaced scanning climinates flicker because of the 60-cycle vertical blanking rate, while

maintaining the 30-cycle rate for complete picture frames.
Distortions of the scanning raster include keystone. trapezoid, pincushion, and barrel ef-
fects (see Figs. 3-6 1o 3-8).

. Incorrect aspect ratio can make people in the picture Jook too tall or too short.
. Nonlincar scanning spreads or crowds picture information at one end of the raster com-

pared with the opposite end. This etfect also distorts the shape of people in the picture.

. The synchronizing pulses time the scanning with respect to the position of picture intor-

mation on the raster. Horizontal sync pulses time every line at 15,750 cps; vertical sync pulses
time every field at 60 cps. 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 31,300 cps.

SELF-EXAMINATION (Answers at back of hook.)

Q.
Jd s

da ,

b s

A 8.

bo.
4 1o

Choose (a), (h), (¢), or ().

In the sawtooth waveform for linear scanning the: () linear rise is for flyback; (b) com-
plete cycle includes trace and retrace; (c) sharp reversal in amplitude produces trace; (<)
beam moves faster during trace than retrace.

With a vertical retrace time of 635 psec, the number of complete horizontal lines scanned
during vertical flyback is: (@) 10; (b) 20; (¢) 30; (d) 63.

One-half line spacing between the start positions tor scanning even and odd fields pro-
duces: (a) linear scanning; (b) line pairing; (¢) fishtailing; () exact interlacing.

. The number of lines scanned per frame in the raster on the kinescope screen is: (a) 525;

() 262%; (c) 20, () 10.

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

. With 10 per cent for horizontal flyback this time equals: (a) 10 psec; (h) 56 usec; (¢) 6.4

usec; (d) 83 usec.

. Which of the following is not true? (a) Line pairing indicates poor interlacing. (b) People

will fook too tall and thin on a square raster on the kinescope screen. (¢) A person can
appear to have one shoulder wider than the other because of nonlinear horizontal scan-
ning. (d) The keystone effect produces a square raster.

The width of a vertical sync pulse with its serrations includes the time of: (a) six
half lines or three lines; (b) five lines; (¢) three half lines; (4) five half lines.

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

Which of the following frequencies is wrong? (a) 15,750 cps for horizontal sync and scan-
ning: (b) 60 cps for vertical sync and scanning; (c) 31,500 cps for equalizing pulses and
serrations in the vertical sync pulse; () 31,500 for_the vertical scanning frequency.

ESSAY QUESTIONS

2.

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 scan-
ning. as in Fig. 3-5. Assume one line scanned during cach vertical flyback.

Define the following terms: («) scanning raster; (b} pincushion effect; (c) line pairing;
(d) interline flicker; (¢) moire effect.
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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
kinescope raster? How will people look in the picture?

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

6. Draw two cycles of the 60-cps 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 // sawtooth;
(b) start of H flyback; (c) start of linear rise in V sawtooth; (d) start of V flyback?

PROBLEMS (Answers 1o odd-numbered problems at back of book:.)

1. If progressive scanning were used with a frame rate of 60 cps for the same 525 lines per
frame, what would be the frequency of the vertical and horizontal sawtooth scanning
waveforms?

2. 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?

3. Compare the time in microseconds for horizontal flyback equal to 0.08/ and vertical fly-

back of 0.04V.

. Referring to Fig. 4+ 4 calculate the width, in microseconds, of each horizontal sync pulse.

. (@) How much time elapses between the start of one horizontal sync pulse and the next?

(b) Between one vertical pulse in an odd field and the next in an even field?

6. What frequencies correspond to the following periods of time for one cycle: (a) 63.5 psec;

(b) 53.3 usec; (c) 127 psec?

[V -8



Composite means that the video signal includes separate parts. These 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 com-
ponents are added to produce the composite video signal is illustrated in
Fig. 4+ 1. The camera signal in @ is combined with the blanking pulse in b
and then the sync pulse is superimposed on the pedestal atop the blanking
pulse to produce the composite video signal in ¢. The result shown here is
composite video signal for one horizontal scanning line. With signal for all
the lines, the composite video contains the information needed to repro-
duce the complete picture.

4-1 Construction of the composite video signal

In Fig. 4-2, successive values of voltage or current amplitude are shown
for the scanning of three horizontal lines in the image. Note that the ampli-
tude of the video signal is divided into two sections, the lower 75 per cent
being used for camera signal, with the upper 25 per cent for synchronizing
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 the signal is transmitted, using a stand-
ard negative polarity of transmission. Negative transmission 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 information until the black level is reached, which is the
fixed level at 75 per cent of maximum signal amplitude.

Black reference level. The black level is constant at 75 per cent ampli-
tude and independent of picture information, in order to maintain a bright-
ness reference in the television system. When the image is reproduced, the
75 per cent level of the video signal corresponds to the grid cutoff voltage
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of the picture tube and the absence of light, thus establishing a black level.
The brightness values of various shades of white and gray are then defined
in terms of their amplitude relative to the black level. The 75 per cent ampli-
tude is also the pedestal level, or blanking level, because this represents
the tops of the blanking pulses, providing pedestals on which the synchro-
nizing pulses are placed. Blanking is accomplished by making the blarking
level black.

Any signal amplitude greater than the black level is called blacker than
black, because this voltage drives the picture-tube grid voltage more neg-
ative than cutoff. The synchronizing pulses are blacker than black.

The composite video signal and scanning. Referring again to Fig. 4-2,
consider the amplitude variations shown as the desired video signal obtained
in scanning three horizontal lines at the top of the image. Starting at the
extreme left in the figure at zero time, the signal is 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 ampli-
tudes that correspond 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 pulse is then inserted to bring
the video signal amplitude up to black level so that retrace can be blanked
out.

Fig. 4-1 The three compo-
nents of composite video sig-
nal. (a) Camera signal for
one horizontal line. (b) Hori-
zomal blanking pulse added
to camera signal. (¢} Sync
pulse added 10 blanking pulse.

(a) (5)

Fig. 4-2 Composite video
signal for three consecutive

horizontal lines.
level 75% =2.5%

12159, = 2149,
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After a blanking time long enough to include retrace, the blanking volt-
age is removed, since 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 values with medium amplitudes of 40 to 60
per cent.

With respect to time the signal amplitudes just after blanking in Fig.
4 -2 indicate information for the left side at the start of a scanning line.
Just before blanking, the signal variations correspond to the right side. In-
formation exactly in the center of a scanning line occurs at a time halfway
between blanking pulses.

The blanking pulses. The composite video signal contains blanking
pulses to make the retrace lines invisible by raising the signal amplitude to
black level during the time the scanning circuits produce retraces. Retrace
normally is produced during blanking time.

As illustrated in Fig. 4-3, there are horizontal and vertical blanking
pulses in the composite 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 cps. The vertical blanking pulses
have the function of blanking out the scanning lines produced when the
electron beam retraces vertically from bottom to top in each field. There-
fore, the frequency of vertical blanking pulses is 60 cps.

Horizontal blanking time. Details in the horizontal blanking period are
illustrated in Fig. 4-4. The interval between horizontal scanning lines is
indicated by H. This time for scanning one complete line, including trace
and retrace, equals 1/15,750 sec, or 63.5 usec. However, the horizontal
blanking pulse has a width only 0.14H to 0.18H. We can consider the
average of 16 per cent of the line period as a typical value. Then horizontal
blanking time is 0.16 X 63.5 usec for H, which equals 10.2 psec. Subtract-
ing from 63.5 usec we have a remainder of 53.3 usec as the time for visible

Fig. 4-3  Horizonial blunking pulses and vertical blanking pulses in
video signal. Sync pulses not shown.
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Fig 4-4 Details of horizontal blanking and
sync pulses. H equals 1/15,750 sec or 63.5 psec. %

scanning, without blanking, in each line. The
10.2 psec for blanking allows time for retrace.

Superimposed on the pedestals provided by
the tops of the blanking pulses at the black
level are the narrower sync pulses. As noted in
Fig. 4-4, each horizontal sync pulse is 0.08H,
or one-half the average width for the blanking
pulse. This time equals 10.2/2 or 5.1 psec.

For the remaining half of blanking time,
which is also 5.1 psec, the signal is at the ped-
estal level. The part of the pedestal just before
the sync pulse is called the front porch, and the
back porch follows the sync pulse. The front
porch is 0.02H or 1.27 psec and the back porch
0.06 H or 3.81 psec. Note that the back porch is three times longer than
the front porch. In summary, then, with 10.2 psec total blanking, 1.27 psec
is used for the front porch, 5.1 psec for the sync pulse, and 3.81 psec for
the back porch.

The purpose of the blanking pulses is to make the retraces invisible.
Furthermore, blanking time is slightly longer than typical 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 scanning line. This effect of horizontal blanking is illustrated
by the black bars at the left and right sides of the raster in Fig. 4-4. The
black at the right edge corresponds to the front porch of horizontal blank-
ing, before retrace starts. Generally, horizontal flyback starts at the leading
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, horizontal retrace is produced when
the sync pulse starts. The flyback is definitely blanked out because the
sync level is blacker than black. Although retrace starts with the sync
pulse, how much time is needed to complete the flyback depends on the
scanning circuits. A typical horizontal flyback time is 7 psec. Blanking
time after the front porch is longer, however, equal to 9 usec approximately.
Therefore, 2 psec of blanking remain after retrace is completed to the left
edge. Although the blanking is still on, the sawtooth deflection waveform
makes the scanning beam start its trace after flyback. As a result, the first
part of trace at the left is blanked. After 2 usec of blanked trace time at




56 basic television

the left edge, the blanking pulse is removed. Then video signal reproduces
picture information as the scanning beam continues its trace for 53.3 psec
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 effect on the picture other than
decreasing its width slightly, compared with the unblanked raster. How-
ever, the amplitude of horizontal scanning can be increased to provide the
desired width.

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 0.05 —
0.08 ¥, where V" equals %o sec. If we take 6 per cent as an average, vertical
blanking time is 0.06 X %o sec, which equals 0.001 sec or 1,000 usec. Note
that this time is long enough to include many complete horizontal scan-
ning lines. Dividing 1,000 psec vertical blanking time by the total line
period of 63.5 psec, the answer is 15.7 or 16. Approximately 16 lines are
blanked out in each field, therefore, or 32 lines in the frame. This relatively
long time blanks not only vertical retrace lines but also a small part
of vertical trace at the bottom and top.

The sync pulses inserted in the composite video signal during the wide
vertical blanking pulse are shown in Fig. 4-5. 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 illustrate what happens during vertical blanking time. The two signals
shown one above the other are the same except for the half-line displace-
ment between successive fields necessary for odd-line interlacing.

Starting at the left in Fig. 4-5, the last four horizontal scanning lines at
the bottom of the picture are shown with the required horizontal blanking
and sync pulses. Immediately following the last visible line, the video sig-
nal is brought up to black level by the vertical blanking pulse in prepara-
tion 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. There-
fore, the complete vertical sync pulse is three lines wide. Following the
vertical sync is another group of six equalizing pulses and a train of hori-
zontal pulses. During this entire vertical blanking period no picture
information is produced, as the signal level is black or blacker than black
so that vertical retrace can be blanked out.

Notice the position of the first equalizing pulse at the start of vertical
blanking in Fig. 4-5. In the signal at the top, the first pulse is a full line
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
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Fig. 4-5 Sync and blanking pulses for successive fields. V equals
1/60 sec.

pulses, so that the vertical sync pulses for successive fields have the timing
required for odd-line interlacing.

The serrated vertical sync pulse forces the 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 ca-
pacitor to trigger the scanning circuits. If we assume vertical flyback
starts with the leading edge of the third serration, the time of one line passes
during vertical 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 pro-
duced. This vertical retrace is easily fast enough to be completed within
vertical blarking time.

With four lines blanked at the bottom before flyback and five lines dur-
ing flyback, seven lines remain of the total 16 during vertical blanking.
These seven blanked lines are at the top of the raster at the start of the
vertical trace downward.

In summary, four lines are blanked at the bottom and seven 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. 4-4. The resulting slight reduction in height of the
picture with blanking, compared with the unblanked raster, is easily cor-
rected by increasing the amplitude of the sawtooth waveform for vertical
scanning,
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4-2  Picture information and the video signal

Two examples are shown in Fig. 4- 6 to illustrate how the composite
video signal corresponds to visual information. In «, the video signal
corresponds 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.

Starting at the left in Fig. 4- 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 continues its forward motion across
the white background of the frame and the signal continues 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 ampli-
tude 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 horizontal blanking pulse raises the video
signal amplitude to black level in preparation for horizontal retrace. After
retrace, the forward scanning motion begins again to scan the next hori-
zontal line. Each successive horizontal line in the even and odd fields is
scanned in this way. As a result, the corresponding composite video signal
for the entire picture contains a succession of signals with a waveform
identical with that shown in Fig. 4- 6a for each active horizontal scanning
line. For the image in b the idea is the same but the camera signal corre-
sponds 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 con-
tains five vertical black bars against a white background, the composite
video signal for each horizontal line will include five rapid variations in

Fig. 4-6 Composite video signal and its corresponding picture informa-
tion. (a) Image with black vertical line on white background. (b) White
line on black background.

il
.

() (b)
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Fig. 4-7 Typical oscilloscope photographs of
composite video signal shown with sync polarity
downward. (a) Two lines of horizontal picture
information between horizontal blanking and
sync pulses. Oscilloscope sweep at 7,875 cps.
(b) Two fields of vertical picture information
between vertical blanking and sync pulses.
Oscilloscope sweep ar 30 cps.

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 horizontal lines will contain white picture infor-
mation for the entire trace period, with the camera signal amplitude
remaining at white level except for the blanking intervals. However, those
horizontal lines that scan across the black bar will produce camera signal
that remains at black level for the complete active scanning time.

A typical image consists of picture elements having various degrees of
light and shade with a nonuniform distribution. In this case, then, the cor-
responding video signal contains a succession of varying signals. Within
each horizontal line there are variations in camera signal amplitude for
different picture elements. Furthermore, the waveforms of camera signal
for each horizontal line vary for different lines in the frame. See the oscil-
loscope photographs of typical video signal in Fig. 4-7.

4-3 Video frequencies and picture information

Referring to the checkerboard pattern in Fig. 4-8, the square-wave
signal shown represents the camera signal variations of the composite
video signal obtained in scanning one horizontal line at the top of the
image. Itis 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 system can transmit and reproduce the corresponding
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 succeeding point with the same magni-
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tude and direction. The frequency can then be found as the reciprocal of
the period for one cycle. Thus the period of one horizontal scanning line is
1 /15,750 sec and the line-scanning frequency is 15,750 cps. The camera
signal variations within one horizontal line, however, necessarily have a
shorter period and a higher frequency.

Note that one complete cycle of camera signal in Fig. 4-8 includes the
information in two adjacent picture elements, one white and the 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. There-
fore, 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. 4-8 can be calculated. The horizontal line period is
1/15,750 sec, or 63.5 psec, including trace and retrace. With a horizontal
blanking time of 10.2 usec, the time remaining for visible trace equals 53.3
psec. This is the time to scan across all the picture elements in a line. For
12 squares across one line in 53.3 usec, the beam scans two squares in %2
or % of 53.3 usec. Then 53.3/6, or 8.9 usec, is the time to scan two squares.
This time is the period of one complete cycle of the square-wave signal.
The reciprocal of 1/8.9 psec is the frequency, therefore, which equals
0.11 X 108cpsor 0.11 Mc. This is the frequency of the square-wave camera
signal variations in Fig. 4-8.

When a typical picture is scanned the scattered areas of light and shade
do not produce symmetrical square-wave signal. However, the differences
of light and shade correspond to changes of camera signal amplitude in
the same way. The frequency of the resultant camera signal variations al-
ways 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 corresponding 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 frequencies correspond to variations between very small picture ele-
ments in a horizontal line.

The ability of the television system to transmit and reproduce the high
video frequencies determines how well the horizontal detail in the image
can be reproduced. High frequencies in the signal are associated with fine
detail within the lines because the beam moves fast in horizontal scanning.
However, the highest video frequency that can be transmitted is restricted
to approximately 4 Mc with the use of 6-Mc channels for commercial tele-
vision broadcasting.

At the opposite extreme, signal variations corresponding to picture ele-
ments 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 approximately 10 kc. Slower changes
over larger distances in vertical scanning produce frequencies below 10 kc.
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Fig. 4-8 Checkerboard pattern
of black and whiie squares with
corresponding signal variations.

The very low frequency of 30 cps corresponds to a variation in light level
between two successive fields.

Figure 4-9 shows how the size of the picture information can be con-
sidered in terms of video frequencies. The main body of the image with
the larger areas of black and white is reproduced in b with video frequencies
up to 0.1 Mc or 100 kc. However, the detail with sharp edges and outlines
is filled in by the high video frequencies from 0.1 to 4 Mc, as shown in c.
Notice that the canopy of the building is reproduced in b but its stripes
and the small lettering need the high-frequency reproduction in c.

(@)

Fig. 4-9 Effect of video frequencies on picture repro-
duction. (a) Normal picture reproduction. (b) Only large
areas in picture reproduced by low video frequencies up
to 0.1 Mc. (c) Only horizontal edges and outlines repro-
duced by high video frequencies between 0.1 and 4 Mc.

)
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44 Maximum number of picture elements

If we consider a checkerboard pattern such as Fig. 4+ 8 with many more
squares, the maximum possible number of picture elements can be calcu-
lated where each square is one element. The total elements in the area equal
the maximum details in a line horizontally, multiplied by the details in a
vertical row. However, horizontal detail and vertical detail must be con-
sidered separately in a television picture because of the scanning process.
For horizontal detail, the problem is to determine how many elements cor-
respond to the high-frequency limit of 4-Mc 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 Mc can be
determined to show the maximum number of picture elements in a hori-
zontal line and the size of the smallest possible horizontal detail. The
period of one complete cycle for a 4-Mc signal variation is 1/(4 x 106) sec,
or 0.25 psec. This is the time required to scan two adjacent picture ele-
ments. With two elements scanned in 0.25 or % psec, then eight elements
are scanned in | psec. Finally 8 x 53.3, or 426, picture elements can be
scanned during the entire active line period of 53.3 usec. If there were 426
squares in the horizontal direction in the checkerboard pattern in Fig. 4-8,
therefore, the resultant camera signal variations would produce a 4-Mc
signal.

In order to reproduce the squares of the checkerboard pattern as indi-
vidual, discrete elements, a square-wave signal is needed. Response up to

Fig. 4-10 Vertical detail depends on how the scanning lines cover the
picture elements. (a) Each line reproduces an individual black or whire
detail. (b) Scanning lines siraddle the veriical details.

(a)

(®)
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about the fifteenth harmonic of the fundamental frequency is required to
reproduce a square wave. A 60-Mc sine-wave signal, equal to the fifteenth
harmonic of 4-Mc, would be necessary, therefore, but this video frequency
is beyond the capabilities of the television system. As a result, the max-
imum number of 426 horizontal details in a television picture can be re-
produced only as continuous variations in shading for a 4-Mc sine-wave
video signal, instead of individual, discrete elements corresponding to
4-Mc square-wave 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. The two opposite cases are illustrated in
Fig. 4 - 10 where the image to be scanned is a vertical bar containing a number
of alternate black and white squares. The height of each square is con-
sidered to be equal to the width of a scanning line. When a square in the
image has a position such that the scanning beam passes directly over it,
as in a, the corresponding camera signal represents the vertical detail per-
fectly. This is the best possible case, and the reproduced pattern corresponds
exactly to the original image. For the case illustrated in b, however, the
details in the image are so placed that the scanning beam passes over the
boundary between a black and a white square. Then the camera signal varia-
tion corresponds to a gray level intermediate between the black and white
details, representing the average brightness of the two elements. When the
scanning beam covers two picture elements in this way the vertical details
are entirely lost. Instead, the reproduced image becomes the uniform gray
bar in b.

Typical picture content has a nonuniform arrangement of elements.
Some fall directly on a scanning line while others straddle the scanning
lines. The problem in establishing the useful vertical detail, then, is
determining how many picture elements can be reproduced along a verti-
cal line by a given number of scanning lines. This factor depends on the
average number of elements that can be expected to fall directly on a
scanning line when there is a random distribution of light and dark picture
elements. 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 calculations and experimental tests show that
the utilization ratio ranges from 0.6 to 0.8 for different images with typical
picture content. We can use 0.7 as an average.

Now the maximum possible number of vertical elements can be de-
termined. The number of visible lines equals 525 minus those scanned dur-
ing vertical blanking. With a vertical blanking time of 6 per cent the num-
ber of lines blanked out for the entire frame is 0.06 X 525, or approximately
32 lines. Some of these lines occur during vertical retrace, while others are
scanned at the top and bottom of the frame but all are blanked out. There-
fore, 493 visible lines remain. The number of lines useful in showing ver-
tical detail is 483 X 0.7 since this is the utilization ratio, providing 338
effective lines. Therefore, the maximum number of vertical details that can
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be reproduced with 525 total and 493 visible scanning lines is about 338,
the exact value depending upon the utilization ratio.

Total number of picture elements. On the basis of the previous calcula-
tions, the maximum number of picture elements possible for the entire
image is 426 x 338, or about 150,000. This number is independent of pic-
ture size. With different picture content, there may be 100,000 to 200.000
picture elements. Since the total number of picture elements can be
regarded as the figure of merit it may be compared with motion-picture
reproduction. A single frame of 35-mm motion-picture film contains about
500,000 picture elements. The smaller 16-mm frame contains one-fourth as
many, or about 125,000. The televised reproduction, therefore, can have
about the same amount of details as 16-mm motion pictures. The detail in
a 16-mm film reproduction is superior to a television picture, however, be-
cause the picture elements in film are reproduced as discrete units.

4.5 Test patterns

In order to adjust a television system conveniently and compare per-
formances, a standard picture is desirable. This is usually in the form of a
test patiern (see Fig. 4+ 11). The test pattern is composed of black and white
lines with a gray background halfway between black and white. The black
and white areas at the outer ends of the horizontal wedges produce a
signal that permits the voltage amplitude swing between white and black
to be readily determined. The target circles range from black in the center
to white on the outside in equal steps of gray.

The aspect ratio is 4:3. Proper aspect ratio is obtained when the height
of the picture is equal to the diameter of the large black inner circle and
the diameter of the large white outer circle equals the width of the picture
frame. Linearity of the scanning motions may be judged by the circles after
the proper width and height have been sct. If the circles appear round, the
scanning linearity is properly adjusted. Linearity can also be checked by
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Fig. 4-12  Patierns for iest purposes, with corresponding video signal
for one horizonial line. (a) Window signal. (b) Bar patiern. (c) Siair-
case signal.

the wedges. The two vertical wedges are of equal length, as are the two
horizontal wedges. When the top and bottom wedges are reproduced with
the same length, the vertical scanning is linear; equal lengths for the two
side wedges indicate linear horizontal scanning.

Resolution. The picture detail or resolution is measured on the test
pattern in number of lines. If the vertical resolution is 150 lines in the re-
produced picture, this means that it is possible to see 150 individual
horizontal lines consisting of 75 black lines separated by 75 white lines.
For equal resolution in the horizontal direction and an aspect ratio ot 4:3,
150 x 4, or 200, vertical lines can be resolved in the picture, consisting of
100 black lines separated by 100 white lines. However, this is still considered
150-line resolution because the resolution is measured in terms of the pic-
ture height when indicating either horizontal or vertical detail, in order 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 moire effect in the
diagonal lines.

Additional forms of test patterns for specific applications include the
Electronic Industries Association! (EIA) resolution chart, which is like the
NBC test pattern but more detailed. Resolution up to 600 lines and 6-Mc
response can be checked with the EIA chart. Another test pattern features
reproduction of an Indian head, which enables checking the quality of
gray tones in an actual picture.

More specific test signals are illustrated in Fig. 4-12. The window signal
in a provides maximum 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 to check horizontal linearity, horizontal to check ver-

! Formerly Radio Manufacturers Association (RMA).
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tical linearity, or both may be used in a crosshatch pattern. The staircase signal
in c illustrates uniform changes in signal amplitude from white, progressing
through gray values in equal steps to black.

4-6 D-c 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 brightness. As an example of the importance of brightness level,
the a-c camera signal for a gray picture element on a black background
will be the same as signal for white on a gray background, if there is no
average-brightness information to indicate the change in background.

Dark and light scenes. The average level of a signal is the arithmetic mean
of all the instantaneous values measured from the zero axis. In Fig. 4-13a
the average level is higher than in b because the camera signal variations
have higher amplitudes. Now it is important to remember that for any sig-
nal variation, its average value for a complete cycle is its d-c component.
Therefore, the d-c component in « is closer to the pedestal level than in b.
Although illustrated here for one scanning line, for convenience, the re-
quired d-c component of the video signal is its average value for complete
frames, since the background information of the frame indicates the bright-
ness of the scene.

When the average value or d-c component of the video signal is close to
the pedestal level, as in Fig. 4- 134, the average brightness is dark, since
the axis is close to black reference level. The same a-c signal variations in
b have a lighter background because the d-c axis is farther from the black
pedestal level.

In the reproduced picture, its brightness depends on the kinescope d-c
bias set by the brightness control. Furthermore, the d-c component of the
video signal coupled to the kinescope can add or subtract from the bias to
make the brightness lighter or darker. The average brightness, therefore,
depends on how far the average-value axis is from the black level.

Fig. 4-13 Video signals with same a-c variations but different average
brightness values. Only one line of frame illustrated. (a) Dark scene
with average value close 10 black level. (b) Light scene with average
value farther from black level.

(a) (h)
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Pedestal height. As noted in Fig. 4+ 13, the pedestal height is the dis-
tance between the pedestal level and the average-value axis of the video
signal. This indicates average brightness since it measures how much the
average value differs from the black level. Although not the d-c component
measured from the zero axis, the pedestal height is a convenient measure
of the average brightness because the distance between the pedestal and
average-value levels stays the same if the signal loses its d-c component.
With the pedestal level as the fixed black reference level, therefore, the
pedestal height can always indicate the relative brightness for different video
signals.

Setting the pedestal level. The method of using the pedestal level for
black reference voltage can be followed by starting with the camera signal.
The camera output voltage 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 d-c component, since the d-c level is 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 pedestals provided by 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. 4 - 14). The level at which blanking pulses are
clipped becomes the pedestal level that determines the black reference
voltage for the entire system.

Note that setting the clipping level determines the pedestal height in the
video signal. In Fig. 4- 14, clipping lower on the blanking pulses reduces
the pedestal height, making the brightness darker, as the average-value
axis is then closer to the black reference. For the opposite case, a higher
clipping level means a greater pedestal height to shift the black reference
farther from the average axis and the signal will have a lighter background.

The bias and cutoff voltage of the clipper stage set the clipping level.
At what level the pedestals will be clipped is decided in terms of average
brightness in the scene being televised. The video control operator who
observes the scene at the studio sets the level for the desired brightness in

Fig. 4-14 Formation of pedestals by clipping top of

' blanking pulses. (a) Blanking pulses alone. (b) Camera
] signal without blanking. (c) Blanking pulses added o
(d) camera signal. (d) Pulses clipped to provide pedestal

w level for sync pulses.

(c)

N A

)]

L

(a)
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the reproduced picture which he is viewing on a monitor kinescope.

D-cinsertion. This means adding a d-c component to an a-c signal. Note
that adjusting the clipping level of the video signal is equivalent to d-c in-
sertion because its average value is shifted.

Once the d-c insertion has been accomplished, the pedestal level be-
comes the black reference and the pedestal height indicates correct relative
brightness for the reproduced picture. However, the d-c level inserted in
the control amplifier is usually lost in succeeding stages because of capacitive
coupling. Still, the correct d-c component can be reinserted when neces-
sary because the pedestal height remains the same.

D-c reinsertion. This means restoring the d-c component to a sig-
nal that has lost its d-c level. The d-c reinsertion is accomplished by a cir-
cuit that rectifies the a-c video signal to produce a d-c component
proportional to the pedestal height. This procedure automatically reinserts
the correct relative amounts of d-¢ component.

At the transmitter, d-c reinsertion is used for the video signal that mod-
ulates the transmitted picture carrier. With the correct d-c component in
the video signal, all sync pulses are in line at the pedestal level so that pedestal
voltage can produce a constant 75 per cent of peak amplitude in the trans-
mitted picture carrier signal. In addition, d-c reinsertion may be needed in
the control-grid circuit of the picture tube. Here the correct d-c com-
ponent in the video signal keeps the black pedestal voltage at the grid-
cutoft voltage of the kinescope. Then the blanking level is black and all
tight values are reproduced in their correct relation to black.

The signal could be transmitted without d-c reinsertion in the modula-
tion, allowing the receiver to reinsert the d-c component. However, the
constant pedestal level and sync pulse amplitudes provide greater efficiency
at both the transmitter and receiver. The basic reason is that a constant
peak amplitude allows maximum peak-to-peak signal voltage to be used
in modulating an amplifier without producing overload distortion.

4-7 Gamma

This 1s a numerical factor used in television and film reproduction for
indicating how light values are expanded or compressed. Referring to Fig.
4- 15, the exponent of the equations for the curves shown is called gamma
(v)- 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 one is bowed downward as in @ of Fig. 4+ 15, with the greatest
slope at the start and the relatively flat part at the end. When the gamma
is more than one the curve is bowed upward as in b, making the start com-
paratively flat while the sharp slope is at the end. With a gamma of one the
result is a straight line as in ¢, where the slope is constant.

A gamma value of one means a linear characteristic that does not exag-
gerate any light values. When gamma is greater than one for the white parts
of the image, the reproduced picture looks “contrasty” because the in-
creases in white level are expanded by the sharp slope, to emphasize the
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(a) (k) ()

Fig. 4-15  Gamma characteristics. (a) Visual response of the eyve;
gamma less than one. (b) Control-grid characteristic of pictare tube;
gamma approximately three. (c) Linear characteristic of an amplifier;
gamma equals ore.

white parts of the picture. Commercial motion pictures shown in a darkened
theater have this high-contrast appearance. Gamma values of less than
one 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 character-
istics. As a typical example, picture tubes have the control-characteristic
curve illustrated in b of Fig. 4-15. The video signal voltage is always im-
pressed 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 produces a greater change in
beam current and screen brightness than it would at a darker level. There-
fore, 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 one, an average value being 1.5. In 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. 4- 15¢). 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, therefore, to expand or compress the white video signal amplitudes
relative to the black level.

The image orthicon camera tube has an operating characteristic that is
essentially linear with a gamma of one. However, the gamma-control stage
may reduce gamma for the transmitted signal. The purpose of emphasizing
dark parts of the signal is to minimize the effects of noise in dark parts of
the picture. At the receiver, the high gamma of the kinescope provides the
high contrast desired for the picture reproduction.
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SUMMARY

Lln
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The composite video signal includes camera signal with picture information, synchroniz-
ing pulses to time scanning, and blanking pulses to blark out retraces.

. The signal is transmitted with the top 25 per cent in amplitude for sync, and the remain-

ing 75 per cent for camera signal. Specifically, the peak amplitude is tip of sync: 75 per
cent level is pedestal, blanking, or black reference level; maximum white is 12.5 % 2.5 per
cent amplitude. Gray values are between 12.5 per cent for white and the 75 per
cent black level.

Horizontal blanking pulses at 15,750 cps blank out retrace for every line by raising the
signal to 75 per cent black level. Average pulse width for horizontal blanking is 0.16// or
10.2 psec. Horizontal sync pulses with a width of 5.1 psec are on this pedestal provided
by the top of each blanking pulse.

. Vertical blanking pulses at 60-cps blank vertical retrace for every field by raising the sig-

nal to 75 per cent black level. Much longer than horizontal blanking time, a typical value
is 0.06V for vertical blanking. This equals the time for 16 lines blanked in every field to
make sure that the vertical flyback lines are blanked out.

. The camera signal variations in the video signal correspond to the picture information in

the image. Amplitude changes between the 12.5 and 75 per cent levels indicate variations
in light level between white and black.

. The high video frequencies in the camera signal correspond to horizontal detail. Approx-

imately 4 Mc is the highest video frequency that can be broadcast in the 6-Mc transmis-
sion channel.

. The average utilization ratio of 0.7 means 70 per cent of the visible scanning lines are

uscful in showing details in the vertical direction.

- A test pattern usually includes black, white, and gray lines and areas to check picture re-

production. Vertical wedges indicate horizontal resolution as the beam scans across in-
dividual line divisions. The ability to resolve divisions in the side wedges indicates ver-
tical resolution. The side wedges also show poor interlacing by moire eflect in the
diagonal lines. In addition, equal lengths for the horizontal wedges show linear horizontal
scanning; cqual lengths for the vertical wedges show linear vertical scanning.

. The d-c component of any signal is its average-valuc axis. The pedestal height is measured

from the average-value axis to the pedestal level.

. Gamma is a numerical factor indicating how contrast is expanded or compressed. Picture

tubes have a characteristic curve with gamma more than one, which emphasizes white
signal voltages.

SELF-EXAMINATION (Answers ai back of hook.)

Answer true or false.

1.
T 2
F 3
7 4
Fos.
F 6.
F 1
T8

79,

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

Sync pulses transmitted during vertical blanking time include equalizing pulses, the ser-
rated vertical sync pulse, and horizontal sync pulses.

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

The 10 per cent amplitude in composite video signal corresponds to maximum white pic-
ture information.

The video signal is at the 75 per cent black level during horizontal blanking but not dur-
ing vertical blanking.

The visible trace time for one horizontal line is 10.2 psec.

When the vertical blanking pulse starts, the scanning beam is at the top of the raster.

. The equalizing pulses and serrations in the vertical sync pulse are spaced at half-line

intervals.
The horizontal blanking pulses can produce vertical black bars at the sides of the raster.
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The vertical sync pulse for one field starts a half line away from its timing in the previous
field.

. Camera signal variations between successive horizontal blanking pulses correspond to

5 e

information from left to right in the picture.
The picture has the left half white and the right half black. The corresponding signal fre-
quency in scanning across one line is approximately 19 kc.

. The picture has the top half white and the bottom half black. The corresponding signal

Ta.
15,

T te.

. The utilization ratio is the proportion of unblanked scanning lines to total lines.
18.

T .
T 2.

frequency in scanning vertically through one frame is slightly more than 60 cps.

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 indi-
cates 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 one, emphasizing white to increase con-
trast in the reproduced picture.

Average brightness of the reproduced picture depends on the d-c bias of the kinescope
grid.

The pedestal height is a measure of brightness by indicating how far the average-value
axis is from black level.

ESSAY QUESTIONS

1.

v bW

Show the picture and draw the composite video signal of two consecutive lines in seanning
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 blarking.

. Define: pedestal level, white level, pedestal height, gamma, utilization ratio, resolution,

crosshatch pattern, and staircase signal.

. Why do thin vertical lines produce higher video signal frequencies than wide vertical bars?

PROBLEMS (Answers 1o odd-numbered problems at back of book )

In the checkerboard pattern of Fig. 4 -8, if there are 300 squares in a line, what is the fre-
quency of the corresponding signal variations? Use 53.3 psec for visible trace time.

. With a utilization ratio of 0.7, what would be the maximum vertical detail for a vertical

blanking time of 0.08 V?

. In the test pattern of Fig. 4-11, calculate the vertical resolution at a point on the

side wedge exactly midway between the 150 and 200 markers.

. Inthe test pattern of Fig. 4« 11, calculate the horizontal resolution at a point on the bottom

wedge exactly betwecen the markers for 2.5 and 3.5 Mc, measured in number of lines referred
to picture height. With this resolution, how many horizontal details can be reproduced
along a horizontal line?

. Assume a facsimile reproduction with specifications of 200 lines per frame, progressive

scanning, and five 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 per cent blanking;
(¢) Video frequency corresponding to 100 total black and white elements in a line.

. Calculate the frequency of video signal produced in horizontal scanning of the window

signal in Fig. 4 12. Assume 53.3 psec visible trace time.
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7. Referring to the Table of Television Standards for foreign countries in Appendix C, cal-
culate the maximum vertical details with a utilization ratio of 0.72 for the systems in:
(a) United States; (b) England. (¢) Western Europe; () France.

8. For the same systems as in Question 7 calculate the time to scan one line, including trace
and retrace.

9. Show the pictures corresponding to the video signals below. Assume that all the lines of
video signal are the same as the one shown.

1L, AL

75%

10%

(a) ()

J

(0



The method of transmitting the AM picture signal is similar to the more
familiar system of sound transmission in the standard broadcast band for
radio, where the amplitude of an r-f carrier wave is made to vary at the
audio rate. In television broadcasting the composite video signal modulates
a high-frequency carrier wave to produce the amplitude-modulated pic-
ture signal! illustrated in Fig 5+ 1. The amplitude of the transmitted carrier
wave varies with the video modulating signal. In this way the desired
camera signal, blanking pulses, and synchronizing pulses are transmitted
to the receiver as the envelope of the modulated picture carrier signal. At
the receiver the picture signal is detected to recover the composite video
signal, which is then used to reproduce the picture.

5+1 Negative transmission

The transmitted picture carrier signal in Fig. 5-1 is shown with the
negative polarity of modulation that is an FCC standard for all commer-
cial television broadcast stations. Negative transmission means that
changes toward white in the picture decrease the amplitude of the AM
picture carrier signal.

In Fig. 5- 1 the tips of sync voltage produce the peaks of r-f amplitude
in the AM carrier wave. This peak carrier amplitude is its 100 per cent
level. Pedestal level in the composite video signal is transmitted at the
constant level of 75 per cent of peak carrier amplitude. Smaller amplitudes
in the modulated r-f carrier correspond to picture information that varies
between black and maximum white. The whitest parts of the picture pro-
duce a carrier amplitude 10 to 15 per cent of the peak value. All these
relative amplitudes are the same for the top or bottom of the envelope be-

! The term picture signal is used here for the modulated r-f carrier wave, while video repre-
sents the signal that can be used directly to reproduce the desired visual information when
applied 1o a picture tube, corresponding to audio in a sound system.

73
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Fig. 5+ 1 Transmitted picture carrier wave, amplitude-modulated
by composite video signal.

cause the modulated r-f carrier wave has a symmetrical envelope of
amplitude variations.

The negative transmission refers to the polarity of video modulating
voltage, not the individual cycles of r-f carrier voltage, which are both
positive and negative. When the video modulation polarity is chosen to
make the carrier amplitude decrease for white video voltage, the trans-
mitted carrier has negative polarity of modulation. If the video modulating
voltage had opposite polarity, the transmitted carrier would have positive
polarity of modulation.

It may be of interest to note that, instead of negative transmission
positive transmission is used for television broadcasting in England and
France.2 With positive modulation, maximum white produces peak carrier
amplitude and sync voltage reduces the carrier level toward zero. Each
system has its own merits. However, negative transmission is standard
practice for all broadcast stations in the United States so that receivers
tuned to any station will produce a normal picture. The wrong polarity of
video signal will reverse the light values in the reproduced picture with
black instead of white and white for black, as in a film negative.

5-2 Vestigial-side-band transmission

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

Amplitude modulation. In Fig. 5-2 an r-f carrier wave is amplitude-
modulated by a sine-wave audio signal in a plate-modulation arrangement.
For simplicity the r-f carrier frequency is taken as 100 kc and the audio as
5,000 cps. The B+ voltage for the r-f power amplifier is assumed to be

2See appendix C for television standards in countries other than the United States.
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Fig. 52 Plate modulation circuit. The 100-kc r-f carrier is amplitude-
modulated by 5,000 cps audio modulating voltage.

Tuble 5-1 Modulation values for Fig. 52

Audio B+ R-f amplifier Modulated r-f

voltage vollage plate voliuge 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

600 volts and the peak value of the audio sine-wave modulating voltage
is also 600 volts, allowing 100 per cent modulation.

Note that the audio voltage across the secondary of the modulation
transformer is in series with the B+ supply and the r-f amplifier plate cir-
cuit. Therefore, the audio modulating voltage varies the plate voltage of
the r-f amplifier at the audio rate (see Table 5-1).

The varying amplitudes of the r-f carrier wave provide an envelope that
corresponds to the audio modulating voltage. Both the positive and nega-
tive peaks of the r-f carrier wave are symmetrical above and below the
center axis and have exactly the same amplitude variations. The envelope
is symmetrical because the changes in amplitude of the negative and posi-
tive half cycles of the r-f signal are equal, as the carrier amplitude is
varied at the audio rate, which is much slower than the r-f variations. Any
point on the audio waveform includes many cycles of the r-f carrier. The
result of the modulation in this case, then, is to produce an r-f carrier wave at
a frequency of 100 kc with an amplitude that varies at the audio rate of
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Fig. 5-3  Equivalence of amplitude-modulated wave 1o carrier plus
two side carriers produced by modulation.

Fig. 5-4  Double side bands resulting frem amplitude modu-
lation of 100-kc carrier with all frequencies up 10 5,000 cps.

5,000 cps. Either the top or bottom envelope of the amplitude-modulated
carrier wave corresponds to the 5,000-cps audio modulating signal.

Side-carrier frequencies. Referring now to Fig. 5-3, it is shown that the
AM wave is equal to the sum of the unmodulated r-f carrier and two side-
carrier frequencies. Notice that the carrier and its equivalent side frequen-
cies all have a consiant level. Also, the amplitude of the side carriers
equals one-half the unmodulated carrier level, for 100 per cent modulation.
Each side frequency differs from the carrier by the audio modulating fre-
quency. The upper side frequency is 105 kc and the lower side frequency
95 kc in this illustration.

The question as to whether the transmitted 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 unmodu-
lated carrier plus two side carriers of proper amplitude, phase, and
frequency. The equivalence of the two signals is due to the fact that the
modulated r-f 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 r-f 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
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is the audio modulating signal of 5,000 cps while the r-f side frequencies
are 105 and 95 kc. If the audio modulating frequency is 1,000 cps, the r-f
side frequencies will be 101 and 99 kc. Then the modulated carrier will
have an audio envelope of 1,000 cps.

When the carrier is modulated by a voltage that includes many fre-
quency components, each audio modulating frequency produces a pair of
r-f 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 fre-
quencies the lower side band. This idea is illustrated in Fig. 5-4 for the
case of modulation with a continuous band of audio frequencies from d-c
to 5,000 cps. The graph here indicates the corresponding side frequencies
for a 100-kc carrier. The upper side band includes all side frequencies
from the carrier frequency of 100 kc up to 105 kc; the lower side band in-
cludes the side frequencies down to 95 kc. The bandwidth required for the
two side bands in this case is =5 kc centered around the carrier fre-
quency of 100 ke, or a total bandwidth of 10 kc. 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 r-f carrier frequency varies in accordance with the
amount of audio modulating volrage, but in AM the side frequencies de-
pend on the audio modulating frequency.

Vestigial side bands. Note that the information of the modulating sig-
nal is in the side bands of the amplitude-modulated r-f carrier. Frequency
of the modulation is indicated by how much the side frequencies differ
from the carrier frequency; modulating voltage is indicated by the ampli-
tude of the two side carriers. For the case of 100 per cent 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 double side bands but one side
band can be filtered out if desired.

Figure 5-5 illustrates just one side frequency transmitted with the car-
rier. Notice that the resultant modulated wave has amplitude variations
for only 50 per cent modulation, instead of the 100 per cent modulation
produced with both side bands. In Fig. 5- 5, the modulated wave varies in
amplitude 50 per cent above and below the unmodulated carrier ampli-
tude, but with 100 per cent modulation the peak carrier amplitude doubles
the unmodulated level and decreases to zero. Therefore, a signal trans-
mitted with one side band has effectively one-half the per cent modulation,
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high-band channels 7 to 13 also in the VHF range; and the 70 UHF
channels 14 to 83.3 Frequencies between these television broadcasting
bands are used by other radio services.

The number of channels available for television broadcast stations in
any one locality depends upon its population, varying from one channel
in a smaller city to nine for New York City, including VHF and UHF
channels. Most cities have one channel reserved for a noncommercial
educational television broadcast station.

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

The standard channel. The structure of a standard television channel is
illustrated in Fig. 5-64. The width of the channel is 6 Mc, including the
picture and sound carriers with their side-band frequencies. The picture
carrier is spaced 1.25 Mc from the lower edge of the channel, and
the sound carrier is 0.25 Mc below the upper edge of the channel. As a re-
sult there is always a fixed spacing of 4.5 Mc between the picture and sound
carrier frequencies. The specific picture and sound carrier frequencies for
all television broadcast channels are listed in Appendix A.

The standard channel characteristics shown in Fig. 5+ 6 should not be
interpreted as an illustration of the picture signal. The graph merely de-
fines 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 side-band frequencies, which are their relative
amplitudes for 100 per cent modulation.

Since the sound signal is frequency-modulated its side-band frequencies
do not have the same type of amplitude characteristic as in the pic-
ture signal, and these are not shown. The sound carrier signal is a con-
ventional FM signal, with a bandwidth of approximately 50 kc for a fre-
quency swing of = 25 kc.

In the picture signal all upper side-band frequencies up to approximately
4-Mc video modulation are transmitted with their normal amplitude, as
are all lower side-band frequencies that differ from the carrier frequency
by 0.75 Mc or less. However, the lower side-carrier frequencies that differ
from the picture carrier by more than 0.75 Mc but less than 1.25 Mc are

3 After Apr. 30, 1964, all receivers sold in interstate commerce must be able to tune in
UHF channels as well as VHF channels.
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Fig. 5-6 The standard commercial
television broadcast channel. (a) Fre-

| quency separations for any channel.
ot 1 4 (b) Frequencies for channel 4, 66 ro
72 Mc.
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gradually attenuated. Lower side-carrier frequencies below the picture
carrier by 1.25 Mc or more are outside 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 Mc above the picture carrier frequency
are also attenuated to eliminate interference with the associated sound
signal.

Numerical values for channel 4 as a typical television channel are shown
in Fig. 5-6b. The channel has a bandwidth of 6 Mc from 66 to 72 Mc.
The picture carrier is 1.25 Mc above the lower edge of the channel, which
is 67.25 Mc for this channel. The sound carrier is 71.75 Mc, 4.5 Mc above
the picture carrier frequency. With vestigial-side-band transmission, the
upper side-band frequencies to 71.25 Mc and lower side-band frequencies
to 66.5 Mc, approximately, are transmitted without attenuation. As an ex-
ample, when the video modulating voltage has a frequency of 0.75 Mc,
both the upper and lower side frequencies of 68 and 66.5 Mc are trans-
mitted without attenuation. For this case, the picture carrier is a normal
double-side-band signal. The same is true for any video modulating signal
having a frequency less than 0.75 Mc.

However, for components of video modulating signal with a frequency
higher than 0.75 Mc only the upper side carrier is transmitted with normal
amplitude. For 2-Mc video modulation, as an example, the upper side fre-
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quency of 69.25 Mc is in the channel. The lower side frequency is 65.25
Mc, which is outside channel 4 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-side-band transmission. The result is a
vestigial-side-band transmission system because double-side-band trans-
mission is used for video modulating frequencies lower than 0.75 Mc but
single-side-band transmission is used for higher video modulating fre-
quencies up to 4 Mc, approximately.

The advantage of using vestigial-side-band transmission can be seen
from the fact that the picture carrier is 1.25 Mc from the end of the channel,
allowing video modulating frequencies up to 4 Mc to be transmitted in the
6-Mc channel. A video-frequency limit of about 2.5 Mc would be neces-
sary if double-side-band transmission were used with the picture carrier at
the center of the channel. This would represent a serious loss in horizontal
detail, since the high-frequency components of the video modulation de-
termine the amount of horizontal detail in the picture.

It might seem desirable to place the picture carrier at the lower edge of
the channel and use single-side-band transmission completely, allowing
the use of video modulating frequencies higher than 5 Mc and increased
horizontal detail, but 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 introducing objectionable phase distortion for the lower video sig-
nal frequencies, which causes smear in the picture.

The practical compromise of vestigial-side-band transmission that is
used provides for complete removal of the lower side band only where the
side-carrier frequencies are sufficiently removed from the picture carrier to
avoid phase distortion. The picture carrier itself and all side frequencies
close to the carrier are not attenuated. The net result is normal double-side-
band transmission for the lower video frequencies corresponding to the

Fig. 57 Horizon distance r depends on antenna heighi h.

Fig. 5-8 Graph showing how the radio horizon dis-
tance increqses with antenna height.
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main body of picture information for large areas in the picture, while
single-side-band transmission is used only for the higher video frequencies
that represent details of edges or outlines in the picture.

It should be noted that the vestigial-side-band transmission distorts the
picture signal in terms of relative amplitude for different frequencies. Re-
member that a signal transmitted with only a single side band and
the carrier represents 50 per cent modulation in comparison with a normal
double-side-band signal with 100 per cent modulation. Therefore, the
higher video frequencies provide signals with one-half the effective carrier
modulation produced by the lower video frequencies that are transmitted
with both side bands. This is in effect a low-frequency boost in the video
signal. However, it is corrected by deemphasizing the low video frequencies
to the same extent in the i-f amplifier of the television receiver.

5+4 Line-of-sight transmission

Propagation of radio waves in the VHF and UHF bands is produced
mainly by ground-wave effects, rather than sky waves from the ionized
atmosphere. The ground wave is that part of the radiated signal affected
by the presence of the earth and can be considered as being propagated
along the surface of the earth from the transmitting antenna. Since the
television broadcast channels are in the VHF and UHF bands, transmis-
sion 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 earth’s surface
to the horizon, as viewed from the transmitting antenna. This is called /ine-of-
sight transmission, and the line-of-sight distance to the horizon is the
horizon distance (see Fig. 5-7). The horizon distance for the transmitted
radio wave, however, is about 15 per cent longer than the optical horizon
distance because the path of the ground wave curves slightly in the same
direction as the earth’s curvature. This bending of the radio waves by the
earth’s atmosphere is called refraction. The graph in Fig. 5-8 shows the
radio horizon distance directly for any antenna height up to 10,000 ft.

Figure 5-9 shows several television transmitting antennas mounted at
the top of the Empire State Building in New York City, in order to increase
the antenna height and horizon distance. This antenna height is about
1,500 ft, providing a radio horizon distance of approximately 50 miles.

When considering the line-of-sight distance from the transmitting antenna
to the receiving antenna, the horizon distance of each must be added. For
an antenna height of 150 ft at the receiver, as an example, the radio horizon
distance is approximately 17 miles, and line-of-sight communications
could be obtained with a transmitting antenna atop the Empire State
Building for a distance of 17 miles plus 50 miles, or 67 miles. The trans-
mitting and receiving antennas should be mounted as high as possible,
therefore, for line-of-sight transmission over appreciable distances.

Service area. Although the service area for reliable reception is within
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Fig. 5-9 VHF transmitter an-
tennas aiop Empire State Build-
ing in New York City.

the radio horizon distance, the strength of the ground-wave signal decreases
rapidly with distance from the transmitter. In addition, higher frequencies
have greater propagation losses. The service area is determined by either
measuring or computing the boundary or contour within which the field
strength of the transmitted signal is a minimum acceptable level.

Field strength is indicated by a receiving antenna at a height of 30 ft
and is measured in microvolts per meter of antenna length. The minimum
field strength for grade A service in cities and built-up areas is 2,510 pv
per meter for channels 2 to 6 (54 to 88 Mc), 3,550 uv per meter for channels
7 to 13 (174 to 216 Mc), and 5,010 uv per meter for the UHF channels 14
to 83. Notice that more signal is needed for higher channels because of
lower sensitivity at the receiver. For grade B service in rural areas,
the minimum field strength required is lower because of less interference.
The service area, therefore, may extend 25 to 75 miles from the station, de-
pending on antenna height, radiated power, and channel frequencies for
the transmitter. The smaller distances are for UHF channels. Greater dis-
tances can be obtained by increasing the height of the receiving antenna.

In unusual cases that depend on atmospheric conditions, television
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carrier frequencies may be returned from the ionosphere to provide
reception over very long distances beyond the horizon. This condition
probably results from scatter propagation in the earth’s atmosphere but is
not considered in the service area.

Reflections. As the ground wave travels along the surface of the earth,
the radio signal encounters buildings, towers, bridges, hills, and other ob-
structions. When the intervening object is a good conductor and its size is
an appreciable part of the radio signal’s wavelength, the obstruction 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 wavelengths. For the
television channel frequencies between 54 and 890 Mc the wavelengths are
between 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 area behind the obstruction is shadowed and there-
fore 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 accomplished by utilizing waves
reflected from other buildings nearby.

Booster stations. Some areas are either shadowed 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 suit-
able location for reception and rebroadcasts the program to receivers in
the local area. Some booster stations convert the VHF channel frequencies
for rebroadcasting on an unused UHF channel, to minimize interference
problems. These are translator stations. Both booster and translator stations
charge an annual fee.

Community television systems. This is another method of providing
service to isolated areas. The signal from a distant station is received at
the site of a master antenna. After being amplified, the signal is distributed
by coaxial cable to subscribers who pay for this private service. The signal
is usually converted to a low-band VHF channel for minimum cable losses.

Stratovision. Much greater line-of-sight transmission distance can be ob-
tained by broadcasting from an airplane. The UHF channels 66 to 83 are
available for experimentation with this airborne television system called
stratovision. In one arrangement, an airplane circling at an altitude of
23,000 ft broadcasts educational television programs reaching most of six
surrounding states.

Satellites for world-wide television broadcasting. One method is the
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Telstar? project sponsored by the Bell System, American Telephone and
Telegraph Company. A photograph is shown in Fig. 5-10. Its orbit is 575
t0 3,500 miles high. Such an orbit has a period of 2'2 hr for each pass around
the earth. The satellite is visible in both the United States and Europe for
Y2 hr of each pass for testing purposes. However, additional satellites can
be used for more available time. In the Syncom project, the orbits for
three satellites are designed to be constant with respect to the earth’s rota-
tion. Then signals can be transmitted by line of sight from earth to one
satellite, relayed between satellites and then back to earth.

The Telstar satellite contains one broad-band repeater amplifier for re-
laying either one television signal or the equivalent of about 600 telephone
channels. Transmission from the ground station at Andover, Maine, is at
the microwave carrier frequency of 6,390 Mc, with a power of 2 kw. The
signal received by the satellite is amplified and shifted to the carrier fre-
quency ot 4,170 Mg, to be retransmitted with a power of 2 watts. For con-
trol functions, the VHF carrier frequencies of 120 and 136 Mc are used.

It should be noted that the satellite serves as a relay station, to provide
signal for local stations broadcasting on their assigned channel frequencies.
With satellites as relay stations, television programs can be broadcast be-
tween countries in any part of the world. Although different countries may
use different scanning standards, as listed in Appendix C, the video signal
can be converted from one set of standards to another. Television broad-
casts from Europe and England have been on the United States standards.

5+5 Television broadcasting

A commercial television broadcast station includes equipment for pro-
ducing camera signal, forming the composite video signal, and transmitting
the picture signal. Since the associated sound must also be broadcast,
audio facilities and an FM transmitter for the sound signal are included.
The equipment used in broadcasting a televised scene can be considered
in two parts: the studio and the transmitter. At the studio the camera
pickup generates the camera signal to which blanking and synchronizing
pulses are added to produce the composite video signal. The amount of
video signal delivered to the transmitter is about 2 volts peak to peak
across 75-ohm coaxial cable. At the transmitter, the video is amplified
enough to modulate the picture carrier, and the modulated picture signal
is radiated from the transmitting antenna.

The studio normally includes facilities for direct pickup of live-talent
shows, motion-picture film, and video tape recordings. In addition, field
equipment may be used for remote pickups in televising sport features and
other special events outside the studio. Video signal from field equipment
is relayed to the studio before being broadcast.

+ For more details of the Telstar project, sec H. E. Weppler, /RE Trans. Broadcasi Tele-
vision Receivers, April, 1962.
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Fig. 5-10 Telstar satellite is 3 fi in diameter and weighs 170 Ib.
(A. T. & T. Long lines Department.)

Live-talent studio. Live-talent programs are staged in a television studio,
as shown in Fig. 1-4, or in a theater for big musical productions. Two or
more cameras provide close-ups or wide-angle views for long shots and
allow switching from one scene to another. Each camera has a turret with
three or four lenses of different focal length. One may be a Zoomar lens,
which is a telephoto lens of variable focal length easily adjusted for quick
close-up shots, while maintaining correct focus. Image orthicon cameras
are generally used, with 35-mm optical equipment.

Televising motion-picture films. A separate studio is employed for tele-
vising film. Projectors are available for 35- and 16-mm motion-picture film
and for slides, which can be used for titles, station identification, and com-
mercial advertisements. The projector throws the light image directly onto
the image plate of the television film camera. A mirror triplexer can be
used to enable the image from any one of three projectors to be televised
with one film camera. The film camera usually employs the iconoscope or
the vidicon camera tube. When motion-picture film is televised, a special
projector is used which allows the film to travel at the speed of 24 frames
per second but projects 60 light images of the scene per second, instead of
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the normal 48. As a result, the time for 60 scanning fields or 30 television
frames matches 24 film frames.

Television transcriptions. In order to distribute the same program ma-
terial to many broadcast stations, or to transcribe a live-talent program to
be shown some other time, the picture and sound can be recorded. The
picture reproduced on the screen of a monitor kinescope at the studio is
photographed on special high-quality 16- or 35-mm motion-picture film,
and the audio signal is recorded on the sound track, to transcribe the pro-
gram on film. This is called a kinescope recording or teletranscription. The
film is run at 24 frames per second, so that the recording can be projected
like commercial motion-picture film.

Video tape recording. Most transcriptions now are made by recording
on magnetic tape because the picture quality is much better than kinescope
film recordings. Figure 5-11 shows a typical video tape recorder. The
magnetic tape is 2 in. wide and | mil thick. Tape speed for recording or
playback is 15 in. per sec. A 14-in. reel with 7,200 ft of tape plays 96 min.

The main problem in recording video signal is its frequency range from
30 cps to 4 Mc. For high frequencies the motion of the tape with respect
to the gap of the recording head must be very fast. This problem is solved
by rotating the video heads transversely across the tape, as it moves

Oscilloscope
wave form 17 in, Pcture Sound
monitor mongor monitor

Fig. 5-11 Video tupe recorder.
(Ampex Corporation.)

Four
recording heads
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lengthwisc between reels. There are four record-or-playback heads mounted
on a wheel rotating at 14,400 rpm. The heads are phased 90° apart so that
the four gaps contact the tape in sequential order. As one head moves off
the bottom of the tape, the next head comes on at the top. The video signal
then is recorded as a series of transverse tracks across the tape. In addition
to the video head assembly, provision is made for recording audio.

The problem of bandwidth is minimized by converting the video signal
to a frequency-modulated signal for recording, so that all signal frequencies
are in the megacycle range. A center carrier frequency of approximately
5.5 Mc is used for the FM signal with narrow-band deviation. The
required bandwidth is still 4 Mc but the ratio of highest signal frequency
to the lowest is much smaller in the modulated signal. Another advantage
of using the FM signal is that its constant amplitude eliminates the need
for bias current in recording. In playback, the FM signal from the tape is
demodulated to recover the original video signal.

Camera chain. A single chain includes one camera with its control
equipment. Figure 5-12 shows two image orthicon cameras, their two
camera control units, and associated equipment needed for both camera
chains. The portable suitcase-type units are convenient for remote pickups

Fig. 5-12  Poriable field equipment for wo camera chains. (RCA.)

IMAGE ORTHICON CAMERA IMAGE ORTHICON CAMEF A
| WITH TELEPHOTO LENE

SWITCHING
SYSTEM
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CONTROLS
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POWER DISTRIBUTION BOX SUPPL ES SHAPER FORMER
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in the field but can also be used for studio work. Within the camera head
are the camera tube, deflection and blanking circuits for the camera tube,
and a preamplifier to supply about 0.5 volt camera signal output for the
control unit. In addition, an electronic view finder on the head displays
the televised image on a small kinescope. The control unit provides remote
control of gain, black level, beam current, target voltage, and electrical
focus in the camera tube. Optical focus is varied by the cameraman.

Camera control and monitoring. As the video control operator views the
televised scene, picture quality is monitored by adjusting gain and black
level of the video signal, after the camera-tube controls have been set for
best picture. The picture reproduction is observed on the kinescope monitor
while the oscilloscope monitor shows video signal waveform. How the
composite video signal looks on the monitor oscilloscope is shown in Fig.
513, for two horizontal lines. Note that sync is down on the oscilloscope
screen, which is general practice for studio monitors. The blanking or
pedestal level is set 5 to 10 per cent from black peaks in the camera signal.
This difference in voltage between maximum black in the picture and the
black blanking level is called serup. With this setup, black in the picture
cannot extend past blanking into the sync amplitudes. The standard IRE
scale of 140 divisions for video signal at the studio is used as follows: 40
divisions sync, 10 divisions black setup, and 90 divisions picture informa-
tion between maximum white and black. These relative amplitudes are in
the video signal sent to the transmitter. Then the amplitude-modulated
picture carrier signal can have the standard relative amplitudes of 75 to
100 per cent for sync and lower amplitudes for picture information.

Switching and mixing. The switching system selects the desired on-the-
air signal, viewed on the master monitor. Various input signals are pro-
vided, including all live cameras, film camera, and video tape recorder. The
switcher unit in Fig. 5-12 has two rows of push buttons, a pair for each
input signal. Punching in different signals along the same row instantly
switches them. A continuous control is also provided to fade out smoothly
to black. Or signal on one row can be mixed smoothly with signal on the
opposite row in a lap dissolve before one alone is on the air. Although not
shown here, wipe effects can be produced by inserting variable-width
blanking pulses.

Synchronizing signal generator. The sync generator produces driving
pulses for sync and blanking in all the camera chains at the studio, plus
the kinescope sync and blanking pulses for the composite video signal
transmitted to the receiver. There are two main sections: the pulse former
that produces timing pulses at the correct frequency and the pulse shaper
to provide the standard waveforms required for horizontal, vertical, and
equalizing pulses. All the pulses are derived from a master oscillator,
whose frequency is divided down. Starting with 31,500 cps for equalizing
pulses, the oscillator output can be divided to %4 x 31,500 for 15,750-cps
horizontal pulses. The 60-cps vertical pulses can be divided in steps of
31,500 x ¥ X % x Y% X '5, which equals 31,500 cps divided by 525. The
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Fig. 5-13 Video signal on oscilloscope
screen of studio monitor, with 10 per cent
setup. Oscilloscope frequency at 7,875 cps
to show two horizonial pulses. Sync polarity
is down. Standard I RE scale of video am-
plitude at left. (American Telephone and
Telegraph Co.)

master oscillator can be locked in phase with the 60-cycle power line or
operate independently as a crystal-controlled oscillator. It should be noted,
however, that for color television broadcasting the master oscillator is
locked to the color subcarrier frequency of 3.579545 Mc.

Television relaying. To convey the signal for a television program from
one location to another, relaying is used for studio-to-transmitter links,
remote pickup-to-studio links, and intercity networks. When a program is
broadcast over a network, each station in the network receives the pro-
gram signal by means of intercity refay links. Then the station uses the
relayed video signal as a program source to produce the standard AM pic-
ture signal broadcast in its assigned channel for the receivers in the area.

Television relaying is done by either cable or radio relays. Radio relays
use microwave transmitters and receivers, operating in the range of 7,000
Mc. FM is generally used to transmit the picture signal by radio relay but
this is converted to the standard AM picture signal broadcast by the station
in its assigned channel.

Television transmitters. The peak r-f power output of a typical picture
or sound signal VHF transmitter is 1 to 50 kw. However, the effec-
tive radiated power can be higher because it includes the gain of the trans-
mitting antenna. The minimum effective radiated power specified by the
FCC for a population of one 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 per
cent or more than 150 per cent of the radiated power for the picture
carrier signal, for monochrome transmission. In color transmission, the
sound power is limited to 50 to 70 per cent of the picture power for mini-
mum sound interference in the picture.

The frequency tolerance for the picture or sound carrier is +0.002 per
cent. However, the exact carrier frequencies for different stations on the
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same channel are offset from each other by plus 10 kc or minus 10 ke, in
order to reduce interference between co-channel stations. This system is
called offser carrier operation.

SUMMARY

1. 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-side-
band transmission.

2. 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 per
cent level.

3. Vestigial-side-band transmission means that all the upper side frequencies but only some
of the lower side frequencies are transmitted in the 6-Mc channel for the modulated pic-
ture carrier signal. The band of upper side frequencies approximately 4 Mc above
the carrier frequency is transmitted with full amplitude. Similarly, lower side frequencies
separated by 0.75 Mc, 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.

4. Channels 2 1o 6 are low-hand VHF channels between 54 and 88 Mc; channels 7 to 13 are
high-band VHF channels from 174 10 216 Mc: channels 14 to 83 are UHF channels trom
470 to 890 Mc. In all bands the station broadcasts in a standard channel 6 Mc wide.

5. The standard 6-Mc channel includes the AM picture carrier 1.25 Mc above the low end,
and the FM sound carrier 0.25 Mc below the high end, with 4.5 Mc between the picture
and sound carrier frequencies.

6. The equipment for broadcasting picture carrier signal includes studio facilities to produce
composite video signal and transmitter equipment to generate the r-f carrier which is mod-
ulated by the video signal. At the studio, two or more camera chains are used for live-talent
shows. plus camera chains for film and video tape. The synchronizing signal generator
provides timing pulses for all camera chains, plus blanking and sync for the composite video
signal transmitted (o receivers.

SELF-EXAMINATION (Answers at back of book.)

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

I. 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.

Z 2. Which of the following statements is true? (@) Negative transmission means the carrier
amplitude decreases for black. (h) Negative transmission means the carrier amplitude de-
creases for white. (¢) Vestigial-side-band transmission means both upper and lower side
bands are transmitted for all modulating frequencies. () Vestigial-side-band transmission
means the modulated picture carrier signal has only the upper envelope.

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

a 4. With 0.5-Mc video signal modulating the picture carrier; (¢) both upper and lower side
frequencies are transmitted; () only the upper side frequency is transmitted; (c) only the
lower side frequency is transmitted: (d) no side frequancies are transmitted.

C 5. Inall standard television broadcast channels the difference between picture and sound
carrier frequencies is: (a) 0.25 Mc: (b) 1.25 Mc; (c).4.5 Mc; (d) 6 Mc.
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The difference between the sound carrier frequencies in two adjacent channels equals:
() 0.25 Mc; (b) 1.25 Mc; (¢) 4.5 Mc; (d) 6 Mc.

The sync for the receiver is produced in the: (a) deflection circuits in the receiver; ()
carrier generator at the transmitter; (¢) camera control unit at the studio; (d) synchro-
niZing signal generator at the studio.

Which of the following has the function of camera pickup? (4) synchronizing signal
generator; () video tape recorder; (¢) master monitor; (d) vestigial-side-band filter
With 5 per cent black setup, maximum black in the picture corresponds to what per cent
amplitude in the modulated picture carrier signal? (a) 5; (b) 70; (¢) 75; (d) 95.
Line-of-sight transmission is a characteristic of propagation for the: (¢) VHF and UHF
bands of frequencies; () VHF band but not the UHF band; (c) low radio frequencies
below 1 Mc; (¢) AM picture signal but not the FM sound signal.

ESSAY QUESTIONS

8.

. Define negative transmission.
. Give one advantage and one disadvantage of vestigial-side-band transmission.
. For each of the following channels, list the picture carrier and sound carrier frequencies

with their frequency separation: channels 2, 5, 7, 13, 14, 83.

. Define the following terms: («) black setup; (b) offset carrier operation; (c) camera chain;

(d) booster station; (e) shadow area (f) intercity network: (g) carrier generator.

. Which television channel numbers are in the 30- to 300-Mc¢ VHF band? Which are in the

300- to 3000-Mc UHF band?

. Draw a graph similar to Fig. 5- 6 showing frequencies transmitted in channel 8, indicating

picture and sound carriers with their frequency separation.

. Why is reflection of the transmitted carrier wave a common problem with the picture sig-

nal in television, but not in the radio broadcast band of 535 to 1,605 kc? What is the effect
in the reproduced picture of multipath signals caused by reflections?
Describe briefly three technical jobs in producing television programs.

PROBLEMS (Answers to odd-numbered problems ar back of book.)

L

List the r-f side frequencies transmitted in addition to the picture carrier for the following
modulation examples: (a) 0.25-Mc video modulation of channel 2 carrier; () 3-Mc video
modulation of channel 5 carrier; (¢) 0.5-Mc video modulation of channel 14 carrier: () 4-
Mc¢ video modulation of channel 14 carrier.

. In negative transmission, what is the relative amplitude of the modulated picture carrier

wave for: (@) maximum white; (b) tip of sync; (c) blanking level; () black in picture; (e)
medium gray?

. Give the exact picture carrier frequencies for: (@) channel 2 offset — 10 kc; (b) channel 5

offset + 10 kc; (c) channel 9 oftset + 10 kc; («) channel 10 offset — 10 kc.

. Give the frequency separation for the following combinations: («) picture and associated

sound carriers; (b) picture carrier and lower adjacent-channel sound carrier; (c) picture
carriers in two adjacent channels; (¢) sound carriers in two adjacent channels.

. Give the picture and sound carrier frequencies for channel 3.

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



In effect, two receivers are included in the television chassis: an AM
receiver for the transmitted picture carrier signal and an FM receiver for
the associated sound signal. The sound section of the receiver provides
audio signal for the loudspeaker, while the picture section provides video
signal for the grid-cathode circuit of the picture tube. In addition, the
television receiver has horizontal and vertical deflection circuits for scan-
ning the raster on the kinescope screen. Finally, with video signal to
reproduce the picture on the raster, synchronizing circuits are necessary
to time the horizontal and vertical scanning. All these functions are pro-
vided by 15 to 20 tubes in the television receiver, many being dual-purpose
tubes. Figure 6- 1 shows a typical television receiver chassis.

61 Receiver circuits

Figure 62 illustrates the typical arrangement in television receivers.
The superheterodyne circuit is used, as both the r-f picture signal and r-f
sound signal beat with the local oscillator to produce the lower intermedi-
ate frequencies. The fact that the sound is an FM signal does not afiect
the heterodyning action.

Notice that both the sound and picture signals are amplified in the r-f
section and the common i-f section. These circuits have enough bandwidth
to amplify both signals, even though the sound and picture carrier fre-
quencies are 4.5 Mc apart. Then the sound signal can beat with the picture
carrier in the video detector stage, to produce an i-f signal centered at 4.5
Mc for the FM sound. This arrangement is called intercarrier sound, be-
cause the associated sound signal is obtained as the 4.5-Mc beat between
the picture and sound carrier frequencies.

R-f section. Starting at the antenna, the picture and sound r-f carrier
signals are intercepted by a common receiving antenna for both signals. A
transmission line connects the antenna to the receiver input terminals,

94
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coupling the r-f picture and sound signals to the r-f amplifier stage. The
amplified r-f output is then coupled into the mixer stage. Also coupled in-
to the mixer is the output of the local oscillator to heterodyne with the in-
coming r-f picture and sound carrier signals. The oscillator usually beats
above the r-f signal frequencies. When the oscillator frequency is set for
the channel to be tuned in, the carrier signals of the selected station are
heterodyned to the lower intermediate frequencies of the receiver.

The oscillator beating with the two r-f carrier signals produces two i-f
carrier signals. One is the picture i-f signal corresponding to the r-f picture
signal and the other is the sound i-f signal corresponding to the sound r-f
signal. The original modulating information of the r-f carrier signals is
present in the i-fsignals out of the mixer, for both the AM picture signal and
the FM sound signal. Furthermore, the 4.5-Mc separation between the r-f car-
rier frequencies is maintained in the i-f carrier frequencies. For most
television receivers the intermediate frequencies in the output of the mixer
stage are 45.75 Mc for the picture carrier and 41.25 Mc for the sound car-
rier, or 25.75 and 21.25 Mc in older receivers. In either case, note the 4.5
Mc difference between picture and sound carrier frequencies.

The r-f amplifier, mixer, and local oscillator stages are usually on an in-
dividual subchassis, which is called the front end, head end, r-f unit, or the
runer. Most often the local oscillator and mixer functions are combined in
one tube, as indicated by the dotted lines around the frequency-converter
stage in Fig. 6-2. With its station selector and fine tuning controls, the
tuner selects the channel to be received by converting its picture and
sound r-f carrier frequencies to the intermediate frequencies of the
receiver, so that the selected signals can be amplified in the i-f stages.

Ficture tube Front panel Fig. 6-1 Television receiver chas-
Tings controls sis. (Andrea Radio Corp.)

connector
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Fig. 6-2  Block diagram of a typical television receiver. Amplitudes of
signal waveshapes not shown 1o scale.
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Picture I-f signal. The common i-f amplifier usually includes three
tuned stages, with enough bandwidth for the i-f picture signal and its side
frequencies. Because of the broad bandwidth the gain is relatively low,
typical values being 20 to 30 for each stage. Although the sound i-f signal
is also amplified here, the main function of the i-f section is amplifying the
picture i-f signal from the mixer to provide several volts for the video de-

tector. It should be noted that these amplifiers are usually called video i-f

stages in schematic diagrams.

Video detector. The modulated i-f picture signal is rectified and filtered
here to recover its AM envelope, which is the composite video signal
needed for the picture tube. This stage is also called the picture second de-
tector, considering the frequency converter in the tuner as the first
detector. Actually, detection and frequency conversion both require non-
linear operation or rectification. For this reason, the video detector can
beat the FM signal against the picture carrier to produce the difference
frequencies corresponding to the 4.5-Mc sound signal. A wave trap tuned
to 4.5 Mc is then used to take off the sound signal and couple it to the
sound section of the receiver. However, the main purpose of the video de-
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tector is to provide for the video amplifier the composite video with its
camera signal, sync, and blanking information needed for reproduction of
the picture.

Video amplifier. Consisting of one or two 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 intensity as the spot scans the screen enable the picture
to be reproduced on the raster.

The blanking pulses in the composite video signal drive the kinescope
grid-cathode voltage negative to cutoff, blanking out retraces. Although
the sync is included in the video signal to the kinescope, the only effect of
sync voltage 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
synchronizing pulses are separated for use in timing the receiver scanning,

The amount of composite video signal required is about 80 volts peak
to peak to drive the kinescope grid for strong contrast. With 4 volts out-
put from the video detector, one video amplifier stage with a gain of 20
can supply the required signal for the picture tube. When the composite
video signal is coupled to the kinescope control grid, this method is called
grid drive; coupling the signal to the cathode is cathode drive.

Automatic gain control. In Fig. 6-2 the video detector is shown pro-
viding a bias voltage for automatic control of the gain of the preceding
i-f and r-f stages. This automatic-gain-control (AGC) circuit is similar
to the automatic-volume-control (AVC) system in conventional sound
receivers. The stronger the picture carrier signal is, the greater the negative
AGC bias voltage produced and the less the gain of the receiver. The
result is relatively constant video signal amplitude for different carrier-
signal strengths. Therefore, the automatic gain control in the picture
amplifier chain is useful as an automatic control of contrast in the
reproduced picture. AVC is not generally used in the FM sound i-f ampli-
fier. However, the AGC circuit affects both the picture and sound, since
it controls the gain of the r-f and common i-f stages, which amplify the
picture and sound signals.

Synchronizing circuits. The video detector output includes the synchro-
nizing pulses as part of the composite video signal. Therefore, the com-
posite video is also coupled to the sync circuits to provide the timing
pulses needed for controlling the frequency of the vertical and horizontal
deflection oscillators in the receiver.

The synchronizing circuits include one or more amplifier and separator
stages. A sync separator is a clipper stage that can separate the synchro-
nizing pulse amplitude from the camera signal in the composite video.
Remember that the top 25 per cent 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
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scanning, Fig. 62 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 cps.
For horizontal synchronization, an automatic-frequency-control (AFC)
circuit is used to lock in the horizontal deflection oscillator at 15,750 cps.

Overall receiver gain. The picture amplifier circuits produce a total
voltage amplification of one million, approximately, from the antenna
input terminals to the kinescope grid-cathode circuit. This is the product
of the voltage amplification for individual stages. Although the r-f and i-f
gain depends on AGC bias, typical values are about 10 in the r-f section,
10,000 for picture i-f signal, ' for the diode video detector, and 20 in the
video amplifier. The product then is

10 x 10,000 x %2 x 20 = 1,000,000

For 80 volts of video signal at the kinescope, therefore, 80 v signal
is needed at the antenna terminals. However, more antenna signal may be
necessary for a picture with good sync and no snow.

Deflection circuits. As shown in Fig. 62, the deflection circuits include
the vertical oscillator and amplifier for vertical scanning at 60 cps. plus the
horizontal oscillator and amplifier for scanning at 15,750 cps. 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 circuitalso
includes the damper stage, which has the function of reducing sine-wave
oscillations in the horizontal sawtooth scanning current. In addition, the
damper provides boosted B+ voltage for the horizontal amplifier. There-
fore, the horizontal output circuit cannot operate without the damper. The
horizontal output is also coupled to the high-voltage rectifier to supply
anode voltage for the picture tube.

The horizontal and vertical deflection circuits produce the illuminated
scanning pattern forming the raster on the kinescope screen. The spot
intensity can then be varied by the video signal voltage coupled to the
kinescope grid-cathode circuit, to reproduce the picture on the raster.

The deflection circuits produce the required scanning current and the
resultant raster 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 can scan the raster but the picture will not hold still.

Power supplies. Two power supplies are needed in the television re-
ceiver. One is the usual B+ supply with about 300 volts output to supply
d-c operating potentials for all amplifier stages. This is called the /ow-
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voltage supply in the television receiver because its output voltage is low
compared with the high-voltage supply, which provides anode voltage for
the picture tube. For sufficient brightness, the anode voltage for direct-view
picture tubes is generally 9 to 18 kv, while projection kinescopes require
20 to 80 kv.

The high-voltage rectifier obtains its a-c input from the horizontal
amplifier. This arrangement is called a flyback supply because the high
voltage is generated as an induced voltage during the fast horizontal re-
trace. The resultant voltage is stepped up by the horizontal output trans-
former for the required amount of high voltage. The rectified output is the
d-c anode voltage needed by the kinescope to produce brightness on the
phosphor screen. Because the kinescope anode voltage depends on the
horizontal output, there cannot be any brightness on the kinescope screen
if the horizontal scanning circuits are not operating.

6+2 Sound take-off circuit

Since the bandwidth of the sound signal is narrow compared with the
picture signal, a resonant circuit can be used as a wave trap to filter out
the sound signal and couple it to a separate sound i-f amplifier. The sound
take-off block in Fig. 6-2 is an LC tuned circuit resonant at 4.5 Mc for
intercarrier sound receivers. Connected to the video detector output cir-
cuit, where the sound signal is converted to 4.5 Mc, the sound take-off circuit
rejects 4.5 Mc from the video circuits and couples the sound signal to the
sound i-f amplifier. In some circuits the 4.5-Mc sound take-off is in the
output of the video amplifier. Then its frequency response must extend up
to 4.5 Mc to amplify the sound signal in addition to the video signal.

Regardless of where the sound take-off tuned circuit is in the receiver,
this point marks the separation of sound and picture signals. All stages before
the sound take-off circuit amplify both the sound and picture signals.
After the sound take-off the signal amplifiers can be considered in two
groups, one for sound and the other for picture. In Fig. 6-2, only the
video amplifier is for picture alone. The 4.5-Mc i-f amplifier and FM de-
tector with the audio amplifier are for sound alone.

Intercarrier sound receivers. Note the sequence of stages for sound in
Fig. 6-2. After being amplified in the r-f tuner with the picture signal, the
sound i-f signal passes through all the i-f amplifiers for picture signal so
that both i-f signals are coupled into the video detector. This is accomplished
by having a little more bandwidth in the common i-f amplifier to provide
some gain for the sound i-f signal. However, there is much more gain for
the picture signal. As a result, the video detector can produce the 4.5-Mc
sound signal as the difference frequencies between the strong i-f picture
carrier beating with the weaker i-f sound signal. This action corresponds
to the operation of the converter in the tuner, where the relatively strong
output of the local oscillator stage beats with the weak r-f signal input.

We can consider the picture carrier as a second local oscillator to
heterodyne with the i-f sound signal. The receiver then is a double super-
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Fig. 6-3  Signal circuit in a split-sound receiver, showing sound 1ake-
off in mixer outpui.

heterodyne with two frequency conversions for the associated sound. First,
the r-f sound carrier of any selected station is converted by the tuner to
41.25 Mc in the mixer output, assuming this value as the sound i-f carrier
frequency for the receiver. Then in the video detector the picture carrier at
45.75 Mc heterodynes with the 41.25-Mc sound i-f signal to beat it down
to 4.5 Mc. This second sound i-f value is always exactly 4.5 Mc because
this is the exact difference between picture and sound carrier frequencies,
as determined by the transmitter, for all stations.

The sound take-off circuit filters out the 4.5-Mc sound signal from the
video frequencies and couples it to the sound i-f amplifier. It is important
to note that the take-off circuit, the sound i-f amplifier, and the FM
detector are always tuned to 4.5 Mc. This 4.5-Mc combination is the mark
of all intercarrier sound receivers.

The sound i-f amplifier has the function of amplifying the 4.5-Mc signal
enough to drive the detector. The FM detector is necessary because the
4.5-Mc sound signal is not an audio signal. It is just the FM sound
1-f signal at the lower center frequency of 4.5 Mc. The FM signal must still
be detected to recover the desired audio signal. After detection, the audio
signal is amplified in a conventional audio amplifier to operate the
loudspeaker.

Split-sound receivers. In older receivers, the sound signal is separated
from the picture signal in the i-f circuits, before the video detector. In this
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case, the sound take-off is usually in the mixer output circuit, as illustrated
in Fig. 6+ 3. This arrangement is considered a split-sound receiver because
there is a separate i-f amplifier for picture signal alone and a separate
sound i-f amplifier. Figure 6 -3 does not show sync and deflection circuits
or power supplies because these circuits can be the same for either inter-
carrier sound or split sound.

In a split-sound receiver, the local oscillator in the r-f tuner must
be tuned exactly to make the sound i-f signal from the mixer be the same
as the frequency to which the sound i-f circuits are tuned. In Fig. 63, this
sound i-f value required from the mixer plate circuit is 21.25 Mc. If you
detune the oscillator slightly, the sound signal changes from its 21.25-Mc
center frequency. Then the sound may be weak or distorted. Furthermore,
the oscillator can easily be detuned enough to cause no sound at all. when
the i-f signal is too far off the frequency to which the sound i-f circuits are
aligned. However, this problem of tuning in the sound is practically elim-
inated in intercarrier-sound receivers. Even when the oscillator tuning
changes the sound i-f signal out of the mixer, the picture i-f carrier changes by
the same amount and the difference frequency is still 4.5 Mc. As a result,
the 4.5-Mc sound circuits are always tuned to the same frequency as the
intercarrier-sound signal. This ability to provide good sound automatically
when the picture is tuned in is the main reason why the intercarrier-sound
arrangement is used now in all receivers.

63 Functions of the receiver circuits

The television receiver can be considered in sections, each with a specific
function, as follows:

Ilumination. The picture tube with its auxiliary components and the
high-voltage supply, which provides the kinescope anode voltage, have the
function of producing brightness on the kinescope screen. Just the spot of
light on the screen illustrated in Fig. 6-4a shows that the kinescope and
high-voltage supply are operating. It should be noted that the illuminated

Fig. 6+4 liustrating how the receiver puts the picture on the raster. (a) Hlumination on
kinescope screen. (b) lilumination plus horizontal scanning. (c) Horizontal and vertical scan-
ning to produce the illuminated raster. (d) The picture on the raster.
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spot for this illustration was produced with an external high-voltage supply,
as the flyback supply in the receiver cannot produce high voltage without
horizontal output.

Horizontal scanning. The horizontal deflection circuits produce hori-
zontal scanning lines. The single horizontal line on the kinescope screen in
Fig. 6-4b shows illumination and horizontal scanning.

Vertical scanning. The vertical deflection circuits produce vertical scan-
ning to spread the horizontal scanning lines over the entire screen area, to
form the scanning raster. The illuminated raster on the kinescope screen in
Fig. 6+ 4c shows that the vertical and horizontal deflection circuits, Kinescope,
and high-voltage supply are operating.

Picture. Figure 6-4d shows a picture reproduced on the raster. The cir-
cuits for picture signal from the antenna input to the kinescope grid pro-
vide video signal corresponding to the desired picture information. The
video signal-voltage variations on the kinescope grid vary the intensity of
the electron beam, while the deflection circuits produce scanning, to repro-
duce the picture as shades of white, gray, and black on the raster.

Synchronization. The sync circuits in the receiver hold the line structure
of the picture together and make it stay still by timing the horizontal and
vertical scanning correctly with respect to the reproduced picture informa-
tion. Horizontal synchronization prevents the line structure of the picture
from tearing apart into diagonal segments. Vertical synchronization allows
successive frames to be superimposed over each other so that the picture
will not roll up or down on the screen.

Sound. The signal circuits for the sound provide audio signal for the loud-
speaker to reproduce the sound.

Table 6 - 1 illustrates how the receiver can be divided into circuits that
produce the illuminated raster and circuits for the picture and sound
signals. The signal circuits are subdivided between picture and sound for
the typical case of an intercarrier-sound receiver that has the 4.5-Mc sound
take-off circuit in the video detector output. Note that the low-voltage

Table 6+ 1 Receiver circuit functions

Circuits for the raster Circuits for the signal
2 > S )
Hlumination Scanning Rle{urn g Lt Sound only
sound only :
Kinescope Horizontal deflec- | R-f tuner Video 4.5-Mc i-f stages
tion circuits amplitier
High-voltage | Vertical deflection | Common i-f | 4.5-Mc FM detec-
supply circuits stages Sync circuits tor
Second detector Audio amplitier
AGC circuit

Low-voltage power supply
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Fig. 65 Dual potentiometer with concentric shafts and on-off
switch at back. (Clarostat Mfg. Co.)

power supply is common to the raster and signal circuits, since all the ampli-
fiers need B+ voltage for operation.

The sync section is part of the circuits for picture only. Without sync, the
receiver can still produce the raster. Signal is needed to provide synchroniza-
tion, however, so that picture information is reproduced in its correct posi-
tion on the raster. Otherwise, the picture will roll vertically or tear apart
horizontally.

6-4 Receiver operating controls

The controls for adjusting the operation of the receiver circuits can be
considered in two groups: the setup adjustments for the raster circuits, and
the operating controls in the signal circuits. The setup adjustments for
scanning are generally mounted on the rear apron of the chassis. These are
installation or servicing adjustments to provide suitable height, width, and
linearity of the scanning. The operating controls are on the front panel of
the receiver, where they can be varied for different stations. Dual controls,
as shown in Fig. 65, are generally used to save space. Also, the on-off
switch on the volume control is often the push-pull type so that the volume
setting does not change when the set is turned oft. The controls have the fol-
lowing functions:

Station selector. This adjusts the resonant frequency of the r-f circuits
in the front end to the desired channel frequencies and sets the local oscil-
lator at the frequency necessary to tune in the station.

Fine tuning. This provides more exact setting of the local oscillator fre-
quency. In split-sound receivers, the fine tuning control is adjusted for the
best sound, which normally results in the best picture also. With intercarrier
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receivers, however, the fine tuning control can be adjusted for the best pic-
ture, independently of the sound.

Volume. This is a typical audio level control, usually a potentiometer to
vary the audio voltage input to the grid circuit of the first audio amplifier.
Some receivers may also have a tone control.

Contrast. Since most receivers have automatic gain control to vary the
gain of the r-f and i-f amplifiers, the contrast control usually adjusts the
gain of the video amplifier to control the amplitude of the video sig-
nal voltage for the kinescope grid-cathode circuit.

Brightness. This varies the d-c bias for the kinescope grid, adjusting the
overall illumination on the screen.

Horizontal hold. This adjusts the frequency of the horizontal deflection
oscillator close enough to the synchronizing frequency to allow the sync to
lock in the horizontal scanning at 15,750 cps. When the picture tears apart
into diagonal segments, the horizontal hold control is varied to reestablish
horizontal synchronization and provide a complete picture.

Vertical hold. This adjusts the frequency of the vertical deflection oscil-
lator close enough to the vertical synchronizing frequency to allow the
sync to lock in the vertical scanning at 60 cps. When the picture rolls up
or down, the vertical hold control is varied to reestablish vertical syn-
chronization and make the picture stay still.

65 Projection television

The practical limit for a direct-view picture tube is a screen diameter of
about 30 in. For larger pictures, it is necessary to use an optical projection
system to enlarge the image. In one method, a projection lens throws light
from the kinescope screen image onto a larger viewing screen. This optical
arrangement is essentially the same as a film projector for slides or motion
pictures. More common for television projection is the method shown in
Fig. 6- 6, which uses a special mirror to enlarge the optical image, instead
of a projection lens. This reflective system is an adaptation of the Schmidt
astronomical camera and therefore is called a Scimidi-type optical projector.

The main problem in television projection is producing enough bright-
ness, for two reasons. First, the brightness of the enlarged picture is much
less than the original image on the kinescope screen because this light is
distributed over a much larger area on the viewing screen. The light in-
tensity in the image is reduced in inverse proportion to its increase in area.
Second, the optical projection system is inefficient. Only part of the light
from the kinescope screen is collected by the optical projection system and
delivered to the viewing screen. In the Schmidt system about 20 to 30 per
cent of the available light is transmitted to the screen, while the projection-
lens method has an efficiency of only 5 to 10 per cent.

Theater television. Theaters can provide television programs by means
of large-screen projection, presenting news and sports events as they occur.
The Schmidt-type reflective optical system is used for the greatest light effi-
ciency. With 80 kv on the anode of the 7WP4, this projection kinescope
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provides enough brightness for a picture 15 by 20 ft, at a projection throw
distance of about 80 ft.

The picture and sound signals from the source of the program can be
transmitted to the theaters by special telephone lines or by microwave
radio-relay links. In either case, the transmission for theater television is
outside the commercial television broadcast channels.

6+6 Pay television

Several systems of coded or private television transmission have been
proposed, with the purpose of charging a fee for special program material.
In effect, a box office is provided for watching first-run motion pictures,
popular sports events, and similar programs that would normally not be
available to broadcasters and advertisers because of excessive costs. Con-
ventional television receivers can reproduce the program but only after the
signal has been decoded. The transmitted signal can be modified so that
the reproduced picture is blurred without sync or reversed in black-and-
white values. However, when the viewer pays the fee for the decoding
information, a normal picture is reproduced. The decoder, which is attached
to the receiver, may be operated by a coin box, a key, a punched card with
coded holes, or a telephone connection.

In one method of scrambling black and white are reversed, while the
picture is cut into horizontal strips and alternate strips shifted in synchro-
nization. See Fig. 6-7. Furthermore, the strips are changed from frame to
frame, which makes the picture information roll vertically. The associated

Fig. 6-6 Folded Schmidi-type projection sysiem.

Fig. 6+7 Picture reproduciion in Phonevision sysiem
of puy television. (a) Blurred picture without coding
signal at receiver. (b) Clear piciure with coding signal.
(Zenith Radio Corp.)
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Tuble 6-2  Television receiver tubes

Circuir Tube type Noies
R-f amplitier 6BQ7-A, 6BK7, 12BZ7 Dual triodes for low-noise
in tuncer cascode circuit
2CYS5, 6CYS, 6ERS Tetrodes
6AGS5, 6CB6 Pentodes
Oscillator- 0CG8, 6CQ8 Triode-tetrode
mixer in tuner 6J6 Dual triode
6AF4, 6DZ7 Triode UHF oscillator
I-f amplifiers, 3BZ6, 6BZ6, 6DK6, Pentodes
picture or sound 6A U6, 6CBO, 6EW6
6ANS, 6K8, 6U8, 6AUS Pentode-triode
Video GALS (one scction) 7-pin miniature dual diode
detector IN64. IN60, IN87, IN295 Germanium crystal diodes
Video 6AWSE, 6EBY Pentode-triode
amplifier 6CL6, 6AC7, 6AUS6, 12BY7 Pentodes
FM sound 6ALS dual diode or Ratio detector or discriminator
detector crystal diodes circuit

6T8, 6FM8, 6BN8
3DTe6, 6DT6, 3BN6,

6BN6, 6HZ6
Audio 6AV6. 6AT6, 6T8, 6FM8
amplifiers 6AQS, 6BQS, 6CUS5, 6V6
Sync circuits 6CG7, 6SN7, 12AU7

6CS0. 6BE6, 6BY6
3BUS, 6BUS8, 6HS8
2ENS twin diode or
crystal diodes
Deflection oscil- 6CG7, 6SN7, 6FQ7
lators, horizon-
tal or vertical |

6DN7, 6EM7, 6DE7,
‘ 6CM7, 6DR7, 6GF7

Horizontal deflec- ‘ 6BG6, 6CDo, 6)B6,
tion amplifier, 6BQ6, 6DQ6, 6JE6
power output tubes 6GJ5, 6GTS

Horizontal ’ 5V4, 6AX4. 6AU4, 6BH3,
damper 6BS3, 6W4, 6DE4, 6DA4,
I 6DW4, 12AX4
High-voltage 1B3, 1G3, 1K3, 1)3,
rectifier 2B3, 3A2, 3A3
1V2, 1X2
Low-voltage 3DG4. 5CB3, 5U4, 5V3,
rectifier 5AU4, 5Y3
Silicon diodes or
selenium diodes

Dual diode and triode
Pentagrid tube with two control
grids for gated-detector circuit

Triode section for first audio
Audio power output stage
Dual triodes
Pentagrid types
Dual pentodes for sync and AGC
Sync discriminator

for horizontal AFC

Dual triodes for multivibrator
Or sync scparator

Dual triodes for vertical
oscillator and amplitier

Top cap is plate

No top cap

Diode power rectifiers

Diode rectifiers: top cap is
plate
Miniature type

Full-wave rectifier tubes

Need series R to limit
peak current
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sound signal is also scrambled to make it sound like a high-pitched monkey
chatter. When the private keying signal is received, however, a decoder
unit installed at the receiver reverses the encoding process. Then the
decoded signals provide picture and sound.

The private program may be sent to the receiver either by broadcasting
in standard transmission channels or by distributing video signal to sub-
scribers in a closed-circuit system. For the case of broadcasting coded sig-
nals, however, FCC approval is needed. Several systems are now being tested
on an experimental basis, as an auxiliary service to regular television
broadcasting sponsored by advertisers.

6-7 Receiver tubes

Table 6-2 lists typical tube types often used in television receivers.
Familiarity with these often means you can know the function of the stage
by the tube used. Amplifiers for the picture and sound signals are generally
the miniature glass types shown in Fig. 6 8. The heater pins are usually
3 and 4 for the 7-pin base in a, or pins 4 and 5 for the 9-pin base
in b. Note that the wider spacing between end pins serves as a guide for
inserting the tube. The 6-volt types such as 6BZ6 are for parallel heater

Fig. 6-8 Miniature glass tubes,
(a) 7-pin base. IS is internal shield.
(b) 9-pin base. (RCA.)




Fig. 6:10 Nuvistor ultraminiature /7/\11 —
& Cathode —— LIy o= e

tube. (a) 6CWA triode r-f amplifier.
Height is Y2 in. (b) liernal consiruc- A

Fig 6-9 Compactron muliifunction tube 61310, com-
bining two diodes and 1wo triodes. Height 1 in. (GE.)

circuits in receivers using a power transformer. Heater ratings such as
3BZ6, 5CGS, 10DES6, and 17DQ6 are for series heater circuits in trans-
formerless (a-c/d-c) receivers. Many 12-volt types, such as 12BZ7, have
a center-tapped heater for either 6-volt operation in a parallel circuit or
[2-volt operation in a series circuit.

Recently developed tube types are the compactron in Fig. 69 and the
nuvistor in Fig. 6+ 10. The compactron saves space by combining several
tubes in one relatively small envelope with a 12-pin base. The nuvistor is a
miniaturized tube, not much larger than a transistor. Note the cylindrical
electrode in Fig. 6-10h, which improves high-frequency operation and
provides a rugged construction.

Heater

Plate

Grid — .- p

@ ) ' L Metal shell

RED \
ia 'S o Y

base wafer
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Fig. 6-11 lorizontal power Fig. 6-12 Half-wave power

output tube with octul base. rectifier tube 6BI3  for

Top cap is the plate. (RCA.) damper diode in horizontal
output circuit. This is a novar
tube  with dark  heater. Fig. 6-13 High-voliage rectifier tube | K3,
(RCA) with ocial base. Top-cap is the plate. (RCA.)

Power tubes are needed for the deflection circuits, especially in the hori-
zontal output stage, which requires the most power from the B+ supply.
The 6DQ6 in Fig. 6- 11 has maximum ratings of 15 watts plate dissipation,
140 ma average cathode current, with a peak of 440 ma for full width in
the raster. Note the plate connection to the top cap, instead of the base,
where the high plate voltage could arc to other pins or to chassis. Similarly,
the damper stage in the horizontal output circuit is a diode power rectifier,
as it rectifies the deflection voltage to produce boosted B +.

The 6BH3 damper diode in Fig. 6 - 12 is one of a new line of novar tubes.
These are power tubes in a 9-pin miniature glass envelope. An important
feature is the dark heater, which operates 350° below the temperature of
conventional heaters that are red-hot. The advantages are less heat and
longer tube life.

The high-voltage diode rectifier in Fig. 6-13 features a peak inverse
voltage rating of 26,000 volts, in a flyback supply. The heater power at 1.25
volts and 0.2 amp is obtained from the horizontal output circuit, as is the
high voltage of 15 to 20 kv. Little heater power is necessary because aver-
age direct load current is less than | ma for beam current in the picture tube.

Tube-location guide. See Fig. 6 - 14. This chart is usually pasted on the
inside of the receiver cabinet or on the back cover. Not all receivers have
the same tube layout but certain patterns follow in logical order. The
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Fig. 6-17 Primted-circuit board for i-f amplifier. Shaded areas indicate
printed wiring on opposite side of board. (RCA.)

When working on a printed board, the following techniques may be
helpful:

1. Use a small iron (25 to 50 watts), to prevent excessive heat from lifting
the printed conductors off the board.

2. Conventional resistors and capacitors on the board can usually be re-
placed without disturbing the printed wiring. Just break the old compo-
nent in the middle, to save its pigtail connecting leads, and then solder
the new component to the old leads.

3. A short break in the printed wiring can be repaired by soldering a piece
of bare wire over the open. Apply only enough heat to melt the solder.

4. If a larger section of printed wiring is damaged, substitute the required
length of hookup wire, soldered at two convenient end terminals.

5. 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.

Another application of printed circuits is for complete units, as shown
in Fig. 6+ 18. This particular unit is a three-section RC integrating filter
for vertical sync. Similar units include an RC coupling network with re-
sistance plate load. Inductances can also be in printed form by means of
copper loops. The printed-circuit unit is much smaller than the combina-
tion of individual components replaced.

610 Localizing troubles to a receiver section

In order to localize troubles, we can use three indicators in the televi-
sion receiver: the illuminated raster, the picture, and the sound. Several
examples are given here, based on the typical receiver in Fig. 62,

No illumination, with normal sound. In this case, the kinescope screen
is completely blank, without any light output or scanning lines and, there-
fore, no picture. Even with video signal at the kinescope grid, the picture
cannot be reproduced unless the illuminated raster is present. The first
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step necessary to provide a picture, therefore, is to find out why there is no
brightness. Since the sound circuits are operating, the receiver has a-c
power input and the low-voltage supply is providing B+ output.

In order to have brightness, the kinescope itself must be operating nor-
mally and the high-voltage supply must provide kinescope anode voltage.
It is important to remember that the horizontal deflection circuits produce
the a-c input for the high-voltage power supply. Therefore, the trouble
causing no illumination can be in the kinescope and its associated circuits,
the high-voltage supply, or the horizontal deflection circuits. If there is d-c
high voltage for the kinescope anode, the trouble is in the kinescope or its
associated circuits. If there is no d-c high-voltage output, the trouble is in
the high-voltage supply or the horizontal deflection circuits. The trouble
can be localized further by noting whether the horizontal deflection circuits
produce a-c high-voltage input at the plate cap of the high-voltage rectifier
tube.

No picture and no sound, with normal raster. The normal raster indi-
cates that the kinescope, deflection circuits, and power supplies are operat-
ing. This trouble is in the signal circuits, before the sound take-off point,
because both the picture and sound are affected. The circuits common to
the picture and sound signals are the r-f section, i-f amplifier, second
detector, and AGC circuit. If the trouble occurs only on some channels
but not on others the defect is probably in the r-f section, including the
antenna and transmission line, since this is the only part of the receiver
operating on the r-f signal frequencies for each individual channel.

No picture, with normal raster and normal sound. Figure 6 - 4c shows the
kinescope screen with just the raster. The fact that the receiver produces
the raster means the kinescope and the raster circuits are functioning,
which includes the vertical and horizontal deflection circuits and the power
supplies. In the signal circuits all the stages operating on the sound signal
must be normal. The one section operating only on signal for the kinescope
grid is the video amplifier. Therefore, the trouble must be in this stage.

Fig. 6-18 Printed couplate used as filter for iniegrating vertical sync. (a) Internal
construction. Black areas show carbon resistance; gray areas are capacitor electrodes.
(b) Complete unit. (c) Schematic diagram.

@ ®) ©




114 basic television

No sound, with normal raster and normal picture. The normal picture on
the raster means the kinescope, deflection circuits, picture signal circuits,
and power supplies are operating. The trouble must be in the sound circuits,
after the sound take-off point, because only the sound is affected. This in-
cludes the 4.5-Mc¢ sound take-off circuit in the video detector output, the
4.5-Mc sound i-f amplifier, the 4.5-Mc FM detector, the audio amplifier,
and the loudspeaker. The trouble can be localized to a specific stage in the
sound circuits by signal tracing to find out which circuit does not pass
signal.

Only a horizontal line on the screen. Figure 6-4b shows how the
kinescope screen looks with horizontal deflection only. Any illumination
on the screen means the kinescope and its auxiliary circuits for low-voltage
and high-voltage d-c operating potentials are functioning. The horizontal
deflection circuits are producing the horizontal line on the kinescope
screen and high voltage for brightness. Only vertical deflection is missing.
Therefore, the trouble must be in the vertical 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 completely blank, without illumi-
nation, and there is no sound. This trouble means the raster circuits and
signal circuits are not operating. The defect is likely to be in the low-
voltage power supply, since this section affects both the raster and the
signal. Either there is no a-c input power, or the low-voltage supply is not
producing B+ voltage output. If the tubes are lit, the receiver has a-c
power input and the trouble must be in the B+ supply.

611 Multiple troubles

Usually only one defect occurs at a time, but the circuit arrangement can
cause multiple effects in different sections of the receiver. The most com-
mon examples are listed here.

Series heaters. When the heaters of all tubes are connected in a series
string across the power line, an open in any one heater means none of the
tubes can light. Then the receiver will be completely dead, with no raster,
no picture, and no sound, as all the tubes are cold, including the picture
tube.

Stacked B 4 voltage. In many receivers the picture i-f amplifier stages
obtain plate supply voltage of about 135 volts from the 300-volt B+ sup-
ply, through the audio power output tube. In effect, the i-f section is in
series with the audio output tube as a voltage divider across the B+ sup-
ply. Then when the audio output tube does not conduct plate current the
i-f section has no B+ voltage. The result is no picture and no sound if the
heater is open in the audio output tube. Furthermore, a weak audio out-
put tube not only causes weak sound but picture contrast is reduced also
because of lower B+ voltage for the picture i-f amplifiers.

Multiple tubes. Where a dual triode such as 6CG7 or triode-pentode
such as 6ANR is used, an open heater causes multiple troubles when the
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Fig. 6-19 Essentials of color tele-
vision receiver.

one tube is used for two functions in different sections of the receiver. As
an example, the pentode section of the 6AN8 may be a common i-f amplifier,
while the triode is used for the vertical deflection oscillator. Then an open
heater in this 6ANS stage results in no vertical deflection and no picture
or sound.

AGC troubles. The AGC circuit affects both picture and sound by con-
trolling the bias on the r-f and common i-f amplifiers. Especially when a
separate AGC amplifier stage is used, it can produce enough negative bias
voltage to cut off the i-f amplifier, resulting in no picture and no sound. At
the opposite extreme, zero AGC bias produces a reversed picture out of
sync, with buzz in the sound, caused by overload distortion (see Fig. 13- 13).
The AGC circuit is probably the most common cause of troubles that affect
both picture and sound, when the raster is normal.

6+12 Color receivers

Referring to Fig. 6+ 19, it can be seen that a color television receiver has
all the circuits of a monochrome receiver, plus the chrominance circuits for
color. This section provides color video signals for the three electron guns
in the tricolor kinescope. Then the red, green, and blue phosphor dots on
the kinescope screen can reproduce the picture in natural colors. Note that
the conventional monochrome video signal is also necessary. Furthermore,
the raster circuits, sync section, r-f tuner, i-f circuits, and power supplies
are basically the same as in a monochrome receiver. More details of color
television are explained in Chaps. 24 and 25.

613 Monitor receivers

A receiver without the r-f and i-f tuned circuits can be considered as a
monitor or a “slave” receiver (see Fig. 6-20). This receiver has video cir-

Fig. 6-20  Essentials of monitor
receiver.

T
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cuits, sync, deflection, and power supplies to reproduce a picture on the
kinescope screen, but only for the video signal input supplied by coaxial
cable. Generally, 1.4 volts peak-to-peak amplitude is required. The appli-
cations for such a receiver without r-f and i-f tuning include monitors in
the broadcast studio and receivers for closed-circuit television where the
signal is not broadcast by radio transmission.

SUMMARY

1. The functions for all stages in the block diagram of Fig. 6 -2 are summarized in Table 6-3.
The signal stages are listed first, followed by the raster circuits and power supplies.

Table 6-3  Functions of stages in receiver

Stuge

R-f ampli-
fier

R-f local
oscillator

Mixer or
converter

Common i-f
or video i-f
section

Video
detector

Video
amplifier

Sound i-f
amplifier

FM sound
detector

Input Output
Picture and Amplitied r-f
sound r-f carrier picture and
signals from sound signals
antenna for mixer
None Unmodulated

R-f picture and
sound signals,
plus local oscil-
lator output

I-f picture and
sound signals from
mixer

Amplified i-f
picture and
sound signals

Composite
video signal

4.5-Mc sound
i-f signal from
video detector

Amplified 4.5-
Mc sound i-f
signal

r-f wave to
beat with r-f
signal in
mixer

I-f picture
and sound
signals

Amplified i-f
picture and
sound signals

Video signal
for video am-
plifier and
4.5-Mc FM
sound signal
for sound i-f
amplifier

Amplitied com-
posite video
signal

Amplitied 4.5-
Mc sound
signal for FM
detector

Audio signal

Notes

Common
tubes

Low tube noise
for minimum
snow in pic-
ture

Usually
combined
with mixer
stage

Also called
first detec-
tor. Usually
combined with
oscillator

Includes two
or three stages

Also called
second detector,
or picture
detector

Drives kine-
scope grid-
cathode circuit

Always tuned to
4.5 Mc for inter-
carrier sound

Common circuits
are discrimina-
tor, ratio detec-
tor, and gated-
beam detector

6BQ7A, 6CYS5, 6ERS

616, 6CG8

6J6, 6CG8

6BZ6, 6AU6, 6ANS

6ALS or
germanium
diode

6AWS, 12BY7

6AU6

6ALS, 6T8, 6DT6,
germanium
diodes
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Stage

Audio section

Sync separa-
tor

Vertical
oscillator

Vertical
amplitier

Horizontal
AFC

Horizontal
oscillator

Horizontal
amplifier

Damper

High-
voltage
rectifier

Low-volt-
age power
supply

Comnion
Input Output Notes 1ubes
Audio signal from | Audio power May have one 6AV6, 6BQ5
FM sound | output for or two stages
detector loudspeaker
Composite video [ Sync pulses Also ampli- | 6BU8. 6SN7
signal from for horizon- fies the [2AU7, 12BH7
video amplifier tal and verti- separated
cal synchron- sync
ization
60-cps vertical 60-cps deflec- Can produce 6DE7, 6EM7
sync pulses tion voltage output with or
to drive ver- without sync
tical ampli- input
Her
Deflection volt- | 60-cps saw- Output has 6DE7, 6EM7
age at 60 cps from tooth cur- same fre-
vertical oscillator rent for vertical| quency as
scanning coils oscillator
in deflection
yoke
15,750-cps hori- D-c control Makes hori- 6SN7, 6CG7, 6ALS,
zontal sync pulses voltage for zontal syn- germanium
horizontal chronization | diodes
oscillator immune to
noise pulses |
D-c control vohtage | 15,750-cps Can operate 6SN7. 6CG7
from horizontal deflection volt- with or
AFC circuit age to drive without d-¢
horizontal control
amplitier voltage
Deflection voltage 15,750-cps de- Also sup- 6DQ6, 6BG6
at 15,750 cps from flection current plies power
horizontal for horizontal input to
oscillator scanning coils high-voltage
in deflection rectifier
yoke and the
damper stage
A-c oscilla- Rectified Supplies 6AU4, 6AX4,
tions after flyback horizontal B+ boost 6W4, 6BH3
in norizontal deflection voltage
output voltage
Horizontal fly- D-c high volt- Needs horizontal | 1B3, 1J3, K3
back pulses at age of about output for
15.750 cps 15 kv for operation
kinescope
anode
A-c power from B+ supply volt- | May be a-c supply | 5U4, silicon
120-volt main age and heater or a-¢/d-c trans- diodes
line power for all formerless type
tubes




1

()

8 busic ielevision

. Intercarrier-sound receivers obtain the associated FM sound signal as the 4.5-Mc beat be-

tween picture and sound carrier frequencies in the output of the video detector. In split-
sound receivers, the sound take-off is before the video detector, usually in the output of
the mixer stage. The advantage of intercarrier sound is that the 4.5-Mc sound i-f signal is
automatically present at its correct frequency when the picture is tuned in.

. In projection television, a very bright picture is enlarged by an optical lens, as light from

the small kinescope screen is projected onto the large viewing screen.

. In pay television, the picture is scrambled unless the viewer pays a fee for the decoding

signal that produces a normal picture.

. Troubles can be localized to a specific stage by noting its function in producing picture,

sound, and raster. However, circuits that produce multiple troubles include series heaters,
stacked B+ supply, AGC amplifier, and multiple-tube arrangements.

SELF-EXAMINATION (Answers at buck of hook.)

Part A

Match the circuits listed at the left with the troubles at the right, for the intercarrier-sound

receiver in Fig. 6-2. Assume parallel heater connections.

TROUBLE SYMPTOM DEFECTIVE STAGE
€ 1. No picture, no sound, no raster a. Vertical oscillator
@& 2. Horizontal line across screen b. R-f amplifier
§ 3. Snowy picture ¢. 4.5-Mc i-f amplifier
¢ 4. No sound, picture normal d. Horizontal AFC
h §. No brightness, normal sound ¢. Low-voltage rectifier
d 6. Picture torn apart in diagonal bars Jf. Video amplifier
£ 7. No picture, normal raster and sound g. Audio output (stacked B+)
j 8. No picture, no sound, normal raster h. Horizontal output
Part B
Match the tube type numbers at the left with stages at the right.
g 1.5U4 a. Horizontal damper
d 2. IB3 b. R-f amplifier in tuner
Q 3. 6AX4 ¢. Converter in tuner
L 4. 6BQ7 d. High-voltage rectifier
5. 6J6 e. Horizontal output
@ 6. 6BQ6 /. Audio output
7. 6BQS g Low-voltage rectifier
' 8. 6DT6 h. 1-f amplifier
9. 6CG7 i. Horizontal oscillator
h 10. 6BZ6 j. FM sound detector
Part C

n AL o~

I T N

Match the controls at the left with the functions at the right.

. Fine tuning a. Tunes r-f, oscillator, and mixer stages

. Volume b. Varies frequency of local oscillator
Tone ¢. Gain or level for audio signal

. Contrast d. Frequency response of audio amplifier

. Brightness e. Gain or level for video signal

. Station selector /. D-c bias for kinescope
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ESSAY QUESTIONS

1.

~N OB Wk

Using all the stages listed in Table 6-2, classify them under the following headings:
picture and sound, picture alone; sound alone; illuminated raster.

. Give the function of: (a) antenna and transmission line; (b) sound take-oft circuit.

. Give two functions of the composite video signal.

. Give two reasons why sufficient brightness is a problem in projection television.

. Give two locations for the sound take-off circuit in intercarrier-sound receivers.

. Give two locations for the sound take-off circuit in split-sound receivers.

. For pay television give two methods for each of the following parts of the system: (a)

sending out the signal to subscribers; (b) making the signal private; (c) collecting the fee
from subscribers.

. Give two advantages of a crystal diode detector compared with a diode section of the

6ALS vacuum tube.

. Give one advantage and one disadvantage of a silicon rectifier for the low-voltage power

supply, compared with 4 vacuum tube.

. Give two advantages of transistors for vertical and horizontal deflection circuits.
11.
12.

Give two features of printed wiring.
In Fig. 62, why is the section for sync circuits included in the signal circuits, not in the
raster circuits?

. For the block diagram below, indicate the name of cach stage, with typical tubes and

arrows for the signal paths.

Hor.
deflection
amplifier

Hor.
AFC

+ 15Kv
e




The picture tube or kinescope is a cathode-ray tube consisting of an
electron gun and phosphor screen inside the vacuumed glass envelope. The
narrow glass neck contains the electron gun, which produces a beam of
electrons accelerated to the screen by the high voltage on the anode. To
form the screen, the inner surface of the wide glass face at the front of the
tube is coated with a luminescent material that produces light when ex-
cited by electrons in the beam. At the end of the narrow neck, either an
electric or magnetic field is provided to make the electron beam scan the
entire surface of the screen to produce the raster. With video signal applied
to the grid-cathode circuit of the electron gun to vary the beam intensity,
picture information is shown as light and dark variations on the screen.

7+1 Deflection, focusing, and centering

Either electrostatic or electromagnetic deflection can be used for a
cathode-ray tube. For electrostatic deflection, two pairs of metal deflection
plates are attached to the gun structure within the tube. As the electron
beam moves between the plates, sawtooth voltage applied across the
plates provides an electrostatic field to detlect the beam. Electrostatic deflec-
tion is generally used in oscilloscope tubes, with anode voltage of 5 kv or
less. In electromagnetic deflection, however, two pairs of deflection coils
are mounted in the yoke housing on the kinescope neck. The associated
magnetic field of sawtooth current in the coils deflects the electron beam.
Practically all picture tubes use magnetic deflection.

Deflection yoke adjustment. In Fig. 7- I, note that the deflection yoke is
placed as far forward as possible, against the wide bell of the envelope. If
the yoke is too far back, the beam will be deflected off the screen for large
deflection angles and the corners of the screen will be dark, or shadowed.
The entire yoke can be turned in its housing, by loosening the wing nut at
the top. Moving the yoke left or right tilts the raster. Adjust for a raster
parallel with the screen, or the picture will be tilted left or right.
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Centering magnet

Defiection yoke

Focus adjustment

lon trap magnet

Kin k
Fig. 7-1  Kinescope using magnetic nescope socket

deflection and electrostatic focus. (RCA
Institutes Home Study School.)

Focus adjustment. The electron beam must be focused to a small spot
of light on the screen for sharp scanning lines and fine details in the re-
produced picture. Usually focus is sharpest in the center area. As with de-
flection, focusing of the electron beam can be either electrostatic or mag-
netic. With electrostatic focusing, voltage applied to the focusing electrode
of the electron gun controls beam focus.

For magnetic focusing, a magnet is mounted externally on the kinescope
neck, asin Fig. 7-2. This may be either a permanent magnet or a coil magnet,
with direct current for a steady magnetic field. In either case, the focusing
magnet is mounted approximately % in. behind the yoke. For sharp focus,

Fig. 72  Focusing magnet,
with magnetic shunt and center-

ing ring.




122 basic television

move the magnet back and forth and shift it slightly around the kinescope
neck. Best focus is obtained with the tube neck approximately centered in
the hole of the ring magnet. Usually, a fine focusing adjustment is also
provided. For a coil magnet, the fine focus control is a rheostat on the
chassis to vary the amount of direct current in the focus coil. With a per-
manent magnet, the fine focus control is a movable iron ring, as shown in
Fig. 7-2. The thumbscrew focusing adjustment moves the iron magnetic
shunt to control the strength of the magnetic focusing field.

Centering adjustment. Provision is generally made for a steady displace-
ment of the electron beam for centering. When you center the beam while
it is scanning the screen, the entire raster is centered.

For electrical centering, direct current can be supplied through the hori-
zontal and vertical deflection coils. The direct current adds a steady dis-
placement component to the deflection field of the a-c sawtooth scanning
current. Two rheostats on the chassis adjust the direct current to serve as
horizontal and vertical centering controls. This method is not used often,
except for color kinescopes, because of the added current drain on the
low-voltage power supply.

Mechanical arrangements with a permanent magnet can provide a
steady displacement of the magnetic field lines through which the electron
beam passes on its way to the screen. In one method, a small permanent-
magnet ring is clamped onto the back of the yoke housing. In some cases,
the yoke housing includes adjustable permanent magnets for centering. Or,
the centering ring magnet may be in the focus-magnet assembly, as in Fig.

Fig. 73  Placement of ion-irap magnet, centering rings, and pin-
cushion magnets used for some kinescopes.

Fig. 7-4  lon-trap magner. (Clarostat Mfg.
Co., Inc)

Defl.
yoke adj

Defi. yoke

SIHIeE)
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7-2. The centering ring is eccentric with the center hole in the focus mag-
net. When you move the lever on the eccentric ring up or down, the raster
moves left or right; moving the magnet horizontally shifts the centering
vertically. If there is no centering ring, the focus magnet itself can be ad-
Jjusted. Kinescopes using electrostatic focusing generally have centering
ring magnets as shown in Fig. 7- 3, because there is no focus magnet.

Pincushion magnets. Yokes for wide-angle deflection may have pin-
cushion magnets, as in Fig. 7- 3, to correct bowing at the top and bottom
edges of the raster. There are two bar magnets in removable plastic holders
at the top and bottom of the yoke housing. The magnets, with opposite
polarities, are placed to the front or back for straight raster edges. See the
yoke in Fig. 7- 16. There can also be two magnets for the sides.

Ion-trap magnet. When magnetic deflection is used for a cathode-ray
tube, a brown spot can form at the center of the screen because of bom-
bardment by ions in the beam current. This circular area about | in. diam-
eter on a 20-in. screen is an ion burn or ion spot. It is produced by nega-
tive ions emitted from the cathode of the electron gun and attracted to the
screen by the anode voltage. Any residual gas ionized by the electron beam
is a source of ions in the tube. When positive ionized gas molecules bom-
bard the cathode of the electron gun its oxide coating emits negative ions,
which become part of the beam current and produce the ion spot.

Remember that ions have much more mass and therefore less velocity
than electrons in the beam. The slow-moving ions correspond to a small
current and a weak magnetic field. In magnetic deflection then, there is
little reaction between the ions and the magnetic field of the scanning cur-
rent. As aresult, the ions are not deflected with the electron beam. The steady
bombardment by ions at the center of the screen causes the burnt spot.
Note that ion spot is no problem in electrostatic deflection, which depends
on charge rather than current. In this case, the deflecting voltage moves
the ion charges with the electrons in the scanning beam.

In one method of eliminating ion spot in picture tubes using magnetic
deflection the total cathode beam current, including electrons and ions, is
made to leave the cathode at such an angle that the beam will strike the
side of the tube instead of the screen. Either a bent gun can be used, or a
straight gun with a diagonal cut. A bent gun is shown in Fig. 7-12. Then
a magnetic field to deflect the electron beam back to the screen is pro-
vided by a small external magnet, called the ion-trap magner (Fig. 7-4).
Such a magnet is also called a beam bender. The ions are not deflected by
the magnet because of the weak magnetic field of the ion current. The ions
strike the electrodes in the tube and are collected as waste current.

The ion-trap magnet is placed over the electron gun, near the tube base,
as in Fig. 7-3. By moving the magnet slowly back and forth, and rotating
it, you can find the position where the magnet bends the electron beam
back to center to produce illumination on the screen. The ion-trap magnet
must be adjusted exactly for maximum brightness.

Picture tubes with an aluminized screen do not require an ion-trap mag-
net because the metalized backing prevents ions from going through to



124 basic relevision

the screen. These tubes have a straight gun that aims the electron beam
along the center line of the tube. In this case no ion-trap magnet should
be used, as it would deflect the beam off the screen. Any tube with a bent
gun needs anion trap magnet, however, even if it has an aluminized screen.

72 The luminescent screen

The inside surface of the glass faceplate is coated with a chemical phos-
phor to form the screen of the picture tube. The screen emits light when
bombarded by electrons in the scanning beam, thereby converting electric
signal into visible light. Radiation of light from the screen as it is excited
by the electron beam is /uminescence. This term applies to light that is not
produced by incandescent heating. When the radiated light is extinguished
practically instantaneously after excitation by the electron beam has ceased,
the screen is fluorescent. Continued emission of light after excitation is
phosphorescence.

Table 7- 1 lists several screen phosphors; the missing P numbers have
similar uses but some types are obsolete. Most common are the P1 green
phosphor for oscilloscope tubes and the P4 white phosphor for picture
tubes. Note the persistence characteristics. This can be defined as the time
for light emitted from the screen to decay to one per cent of its maximum
value. Some persistence is desirable to increase brightness and reduce
flicker. However, the persistence time must be less than !30 sec for picture
tubes so that one frame cannot persist into the next and cause blurring of
moving objects. The decay time for most black-and-white kinescopes
is approximately 0.005 sec, a medium-short persistence. For the P1 phosphor,
with medium persistence, the decay time is 0.05 sec.

Table 7-1  Typical screen phosphors for cathode-ray tubes

T T
Ehbsphay Color Persistence Uses
number
i | S | S e
Pl |  Green I Medium Oscilloscopes
P2 Yellow-green Medium
P4 White | Medium-short Picture tubes. Sulfide type
for direct view; silicate
| type for projection tubes
P7 ’ White, yellow ‘ Short, long Two-layer screen
P11 Blue Medium-short
P12 | Orange ' Long
P14 ‘ Blue, orange | Short, long | Two-layer screen
P15 Green-ultraviolet Very short | Flying-spot scanner
Pl6 [ Purple-ultraviolet l Very short Flying-spot scanner
P22 Red, green, Medium Tricolor kinescope. Phosphor
and blue dots for each color
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The phosphors are generally light metals such as zinc and cadmium in the
form of sulfide, sulfate, and phosphate compounds. The screen material is
processed to produce very fine particles which are then applied to the glass
faceplate in a thin uniform layer. In terms of molecular structure, the phos-
phors are imperfect crystals where an activator element such as manganese
or silver can be added to distort the crystal lattice. Then high-velocity elec-
trons can excite the phosphor to emit light. For the green P1 phosphor, a
form of zinc silicate called willemite is generally used. The P4 phosphor
usually combines compounds of zinc sulfide, cadmium sulfide, or zinc sili-
cate. For color television, the P22 phosphor includes zinc sulfide for blue,
zinc silicate for green, and zinc phosphate for red.

Sticking potential. The phosphor materials should be able to produce
secondary emission of electrons because this is how the screen becomes
charged to the anode voltage. In cathode-ray tubes, the return path for the
electron-beam current that strikes the screen is provided by secondary
emission of electrons from the phosphor. These secondary electrons are
collected by the anode. Because of the secondary electrons emitted from
the screen, it can charge to a positive potential approximately equal to the
anode voltage. Then electrons in the incident beam are accelerated to the
screen with high velocity to produce high brightness. The electron beam is
not attracted to the anode wall because its positive potential is symmetrical
around the tube envelope.

The amount of secondary emission from the screen is limited, however.
With an anode voltage higher than 10 kv, approximately, the screen may
not be able to charge to the anode potential. Then the screen remains at
the highest positive potential to which it can charge by secondary emission.
This value is the sticking potential of the screen. It is not possible to have
a higher effective accelerating voltage than the sticking potential. As an
example, if the anode voltage is 10 kv but the sticking potential is 8 kv, only
8 kv is effective in accelerating the electron beam because this is the poten-
tial difference between the phosphor screen and the electron-gun cathode.

Aluminized screen. To overcome the problem of sticking potential, many
picture tubes have a coating of aluminum on the back surface of the screen
phosphor. The metal film is very thin, being vaporized aluminum con-
densed upon the screen. With anode voltages of 10 kv or more, the elec-
trons in the beam have enough velocity to pass through the aluminum
coating and excite the phosphor. Because of its metalized backing the
screen potential is essentially the same as the anode voltage.

There are several other advantages provided by the aluminized screen.
The ion spot is eliminated without the need for an ion trap because slowly
moving ions cannot pass through the metal film. Also, the conductive coating
makes the screen insensitive to stray capacitance effects. Finally, the metal-
backed screen provides an important optical advantage because light from
the phosphor that would radiate to the inside of the tube is reflected from
the smooth metal film. As a result, the amount of light available at the
front of the screen is increased. The combination of a high effective screen
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voltage and efficient use of the emitted light enables the aluminized screen to
have about twice the light output of a nonaluminized screen, when the
anode voltage is 10 to 20 kv.

7+3  Types of picture tubes

If we take the 23CP4 as an example, 23 in. is the diagonal of its rectan-
gular screen, within % in. For a round screen, its diameter is specified. The
P number at the end specifies the type of phosphor screen, which is P4 for
all black-and-white kinescopes. The letter or letters in the middle are
assigned alphabetically for different types with the same screen size. Note
that tubes of different sizes with the same letter, such as 23CP4 and
20CP4, do not necessarily have the same features. These two kinescopes
are definitely not interchangeable because the 20CP4 uses magnetic focus-
ing while the 23CP4 uses electrostatic focusing; the 20CP4 requires an ion-
trap magnet but the 23CP4 does not; and each requires a different type of
deflection yoke for different deflection angles. Table 7- 2 lists typical tubes.

A suffix letter such as the A in 20CP4A may be added to indicate a
slight change that is not enough to require a new type number. The modi-
fied type can be substituted for any previous model. However, an earlier
model may not be a direct substitute for a modified type. This system
applies to tubes in general. For picture tubes, the suffix letter A or B often
indicates the addition of an external conductive coating on the glass en-

Table 7-2  Types of picture tubes

T q

Description Type numbers

Remuarks

Magnetic focus 10BP4, 12LP4, 16LP4, 16 WP4
and deflection | 14BP4, 16RP4, 17AP4, 20CP4,
| 21EP4, 24CP4, 27EP4 |

16AP4, 16GP4, 19AP4

Low-voltage 14X P4, 16AEP4. 17TATP4, | Deflection angle 65°
focus and mag- 17LP4, 17TP4, 20HP4, 21AQP4, | t090°. lon trap for these and
netic deflection | 21MP4, 21YP4, 21ZP4, 24BP4, 27SP4 types listed above.

T
| Round, glass
Rectangular, glass

Metal, round

| 17TDK P4, 19YP4, 21CEP4
]

| 23CP4, 23EP4

| Deflection angle 110°.

| No ion trap tor these and
| types listed below

i Bipanel faceplate

Projection | STP4. 7TNP4, TWP4 30 to 80 kv anode voltage
kinescopes | |

Flying-spot | 5ZPl6 For camera pickup
scanner : |

Test kinescopes | SAXP4, 8YP4 For checking receivers

Monitor view-

‘ 3K P4, SFP4, 8DP4, 8H P4

| For compact equipment

finder |
Tricolor 21AXP22, 21FBP22, 21FJP22 | Three guns for red, green, and
kinescope I | blue phosphor dots

1




Fig. 7-5  Bipanel piciure tube 23CP4.
Note glass mounting lugs at corners of
protective panel. (RCA.)

velope, or an aluminized screen that
can be operated with higher anode
voltage, or a different fuceplate. Kine-
scopes differing only in the type of
glass faceplate are interchangeable.

Faceplate. Picture tubes are made
with a thick glass faceplate that is al-
most flat. Approximately '2-in. thick-
ness provides the strength required to
withstand the air pressure on the
vacuumed e¢nvelope. The thick glass
also makes it possible to construct
the envelope with a rectangular face-
plate. Practically all picture tubes now
are made with a rectangular screen
to eliminate the wasted area of a rec-
tangular raster on a circular screen.
The result is a more compact instal-
lation in the receiver cabinet.

The faceplate is manufactured with
a neutral light-absorbing material in
the glass, making it gray. This fea-
ture makes black areas darker to in-
crease optical contrast when the picture is viewed in a lighted room. In
addition, the faceplate is etched or frosted, like a light bulb, to diffuse the
effect of bright light in the room reflected from dark areas of the screen.
This combination of a gray filterglass faceplate transmits approximately 78
per cent of the light from the screen to the viewer.

A later type of faceplate construction is illustrated by the 23CP4 in Fig.
7-5, showing a filter-glass protective panel sealed to the faceplate of the
tube. As a result, the tube can be mounted in the receiver cabinet without
a safety-glass window and the rubber dust seal around the tube is not
necessary. Without any air separation between faceplate and protective
window, reflections are reduced and contrast is improved. The total light
transmission of the faceplate and protective panel is approximately 40 per
cent.

The anode. In glass kinescopes the anode is a conductive coating on the
inside wall of the tube. Because of the high voltage, a separate anode con-
nector on the side of the cone is used, instead of connecting to the tube
base. This recessed-cavity connector is a hole of about % in. diameter
through the glass wall, into which a metal ball spring or a spring clip fits
to contact the anode coating on the inside wall.
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111

(4)

Fig. 7-6  Kinescope deflection angle. () 70°. (b) Shorter tube with 110° angle.

For metal tubes, the metal cone is the anode. A metal strip contacts the
metal rim around the faceplate for the high-voltage connection. If there is
a plastic protective cover around the metal cone, the high-voltage connec-
tion is made through a metal button on the cover.

Glass kinescopes usually also have an external graphite coating on the
cone, insulated by the glass from the anode wall coating inside. The outer
conductive coating must be connected to chassis ground. This connection
is generally made by metal spring wire riveted to the yoke mounting frame
in such a way that the wire can brush against the coating on the picture
tube. Noise in the sound and flashes in the picture can result from a poor
ground connection.

The grounded coating provides a filter capacitance for the high voltage
of the anode supply. The external coating serves as one plate; the anode
coating is the other plate, with the glass bulb the insulator between the two
plates. The capacitance is 2,000 puf, approximately.

For some tubes where one or more accelerating grids in the electron gun
are connected internally to the anode wall coating these electrodes are con-
sidered collectively as the ulior, since all have the ultimate high voltage. In
any case, the ultor or anode connection provides the high voltage needed to
accelerate the electron beam to the screen to produce brightness.

Deflection angle. This specifies the maximum angle through which the
beam can be deflected to fill the screen without striking the sides of the
bulb. The deflection angle for typical kinescopes is 50° for older tubes to
114°, approximately, for later tubes that are not so long. As shown in Fig.
7- 6, the total angle is specified. A deflection angle of 110° means the elec-
tron beam can be deflected 55° from the center line of the tube. For rec-
tangular kinescopes, the maximum deflection angle is along the diagonal
between opposite corners of the screen. The advantage of a larger deflec-
tion angle is the fact that the shorter bulb can be installed in a smaller
receiver cabinet.

The angle specified for a picture tube only means it can accommodate
so much deflection but the power needed to deflect the electron beam is
supplied by the electromagnetic field of current in the deflection yoke. This
scanning current is generated in the deflection circuits of the receiver.
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Therefore, deflection yokes also are specified in term of deflection angle.
As an example, a 70° yoke can fill the screen of a kinescope with a 70°
deflection angle, but on a 90° tube, the 70° yoke will produce a raster that
is too small. However it can be useful to note that different screen sizes
can be filled if the deflection angle is the same as the yoke. For instance, a
70° yoke can fill a screen of 14-, 17-, or 21-in. kinescopes if all these tubes
have a deflection angle of 70°, since bigger tubes with the same angle will
be longer.

Larger deflection angles require a stronger electromagnetic field for
scanning. For this reason, 110° tubes are made with a narrow neck to
allow greater field intensity at the point where the electron beam is de-
flected. A 110° yoke has a hole diameter of 1% in. compared with 176
in. neck diameter for tubes with a smaller deflection angle.

Base and socket connections. The 12-pin (duodecal) base in Fig. 7+ 7a
is typical for picture tubes using magnetic focus. Then the triode electron
gun includes heater, cathode, control grid G1, and an accelerating grid G2.
The anode is labelled CL. Sometimes G2 is called an accelerating anode
but the standard name is grid because G2 is not intended to collect elec-
trons. The basing diagram in b indicates a pentode gun that provides for
electrostatic focus. G6 is the focusing grid, which requires about 300 volts.
The same type of gun for low-voltage electrostatic focusing is shown in ¢
but this is a narrower 8-pin button base for 110° tubes. In this type, the
pins go right through the glass base, as in miniature glass tubes, but there
is a plastic indexing plug.

Input capacitance. This is the capacitance for input video signal applied
to either grid or cathode. For practically all picture tubes, C;, from con-
trol grid to all other electrodes is approximately 6 puf; from cathode to all
other electrodes Cj, is 5 ppf.

Fig 7-7 Typical base and socket connections, bottom view. CL is anode
collector and C is external coating. (a) Duodecal 5-pin for tubes with mag-
netic deflection and focus. (b) Duodecal 6-pin for tubes with low-voltage

Jocus. (c) Miniature base for 110° tubes.

(a) *) G



130  basic television

74 The electron beam

The electron gunin Fig. 7- 8 includes a heated cathode to emit electrons, a
control grid G1, and the accelerating grid G2. Not counting the anode,
there are three electrodes in this triode electron gun. Tetrode and pentode
electron guns have additional grids. Each grid structure is a cylinder with
a small aperture or hole in the center. Figure 7-9 shows a control-grid cyl-
inder and its disk cover with an aperture of 0.04 in. The electrodes are
generally made of nickel or a nickel alloy, mounted on ceramic insulator
supports.

The control-grid voltage is a negative bias to control the space charge at
the cathode. The accelerating grids have progressively higher positive
potentials, with the anode at the highest voltage to accelerate the electron
beam to the screen. Most of the electrons go through the apertures and
are not collected by the electrodes because their circular structure provides
a symmetrical accelerating field around all sides of the beam. The electron
beam has a complete circuit because of secondary emission from the
screen, as secondary electrons collected by the anode return to cathode
through the high-voltage supply. A typical value of beam current is 0.6 ma
with 15 kv anode voltage.

Electron lenses. Electrons emitted from the cathode tend to diverge be-
cause they repel each other. Consequently, special attention must be given
to forming the electrons into a narrow beam. This action is analogous to
focusing a beam of light by optical lenses. Therefore, the term Socusing is
used for the action of obtaining a narrow beam, while a focusing system
for the electrons is an electron lens. Two electron lenses are generally used.
The first lens is the electrostatic field between cathode and control grid
produced by their difference in potential. The second lens may be either
an electrostatic field or magnetic field, provided for focusing the beam just

Fig. 7-8 Elements of a triode eleciron gun. Focusing
and deflection not shown.

Fig. 7-9  Control-grid cylinder
with aperture disk. (Sylvania Elec-
tric Products, Inc.)
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before deflection. As a result of the two electron lenses the beam is focused to
produce a small, sharp spot of light on the screen.

Crossover point. Referring to Fig. 7+ 10q, electrostatic lines of force are
shown repelling electrons back to cathode because the control-grid bias
is negative. The lines are straight where the cathode and grid structures are
parallel. Such straight lines indicate a uniform change of potential in the
space between grid and cathode. However, where the grid does not have
uniform distances to cathode, the lines of force curve. Notice that the
curved lines of force have the direction that repels electrons toward the
center axis. Electrons diverging the most have the greatest force toward
the center.

Remember now that the G2 voltage and anode voltage provide a for-
ward accelerating force. The net result is that diverging paths are bent so
that the electrons go through the grid aperture (see Fig. 7- 106). The di-
verging beam then is focused at point P just beyond the control grid. Note
that electrons emitted in the direction KA are made to follow the curved
path KDP. Similarly, electrons from path KB are forced into path KEP.
Electrons in a straight path along the center axis stay in this line.

The focal point P is the crossover point produced by the first electron
lens. P serves as a point source of electrons to be imaged onto the screen
by the second electron lens for a sharp spot. Fine focus can be produced
this way because the crossover point is much smaller than the cathode area
supplying electrons for the beam.

Bias control. The d-c voltage between control grid and cathode is the
bias determining the amount of beam current that strikes the screen. Less
negative bias allows more electrons to be accelerated through the grid
aperture to form the beam. More negative bias reduces the beam current.
The amount of negative bias voltage needed to reduce the beam current
to the point of visual cutoff, when no light is produced by the screen, is
about 50 volts, depending on the gun structure and accelerating voltages.

Fig. 710 Action of grid-cathode elecirosiatic field as firsi electron lens
10 focus beam at crossover point P. (a) Electrostatic lines of force without
beam. (b) Diverging beam from K focused at P (lines of force omitted).
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Fig. 7-11 Tetrode electron gun using high-voltage electrosiatic
Sfocusing for second electron lens.

For oscilloscopes, the intensity control varies the bias on the cathode-ray
tube to adjust screen brightness; in television receivers the bias control for
the picture is called brightness. Although the bias controls the amount of
beam current, focus is also affected to some extent, as the crossover point
moves farther from the cathode with less negative control-grid voltage.

Intensity modulation. In addition to its d-c bias the grid-cathode circuit
can have a-c signal voltage applied. Then the signal varies the beam cur-
rent above and below its average value set by the bias. The variation by
control-grid voltage is called intensity modulation or Z-axis modulation
of the beam current. Most oscilloscopes have a terminal connection for
intensity modulation, when desired, which is coupled to the control grid
of the cathode-ray tube. For picture tubes, the a-c video signal is coupled
to the grid-cathode circuit to vary the beam intensity and illumination to
reproduce the visual information for all the picture elements.

7+5 Focusing the electron beam

For the second electron lens, three methods of converging electrons in
the beam to a sharp point on the screen are described here. Either an elec-
tric field or magnetic field can be used.

High-voltage electrostatic focusing. The second electron lens can be pro-
vided by the electrostatic field of the focusing grid in a tetrode gun as
illustrated in Fig. 7- 11. Voltages indicated are for an oscilloscope tube, which
generally uses this type of gun. G2 is connected internally to the anode
wall coating and has its potential of 5 kv. The focusing grid has a poten-
tial about one-fifth the anode voltage. This method is generally used for
color kinescopes, with a separate high-voltage supply for the focusing
voltage.

In Fig. 7-11, note that the focusing grid voltage of 1 kv provides a de-
celerating field for electrons coming from G2 at 5 kv. This decelerating field
repels diverging electrons toward the center line of the beam, correspond-
ing to the action of the first electron lens between cathode and grid. By
adjusting the amount of voltage applied to the focusing grid, the electro-
static focusing field can be varied to produce electron paths with the
curvature required to image the crossover point P onto the screen at point S.
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Low-voltage electrostatic focusing. Most pictures tubes with electro-
static focus use the electron gun illustrated in Fig. 7-12. Grid | is the con-
trol grid, grid 2 is an accelerating grid at about 450 volts, grids 3 and 5 are
connected internally to the anode wall coating at about 15 kv, and grid 4
is the focusing grid. As a result, the electron beam can be decelerated by
grid 4 between grid 3 and grid 5. With this type of electron lens, the B+ sup-
ply can provide the low focusing voltage required, which may be between
—30 volts and + 300 volts. Usually there is no focusing control but a wire
jumper on the tube base connects G4 to one of the other pins, as the re-
quired focusing voltage is not critical.

Magnetic focusing. Referring to Fig. 7- 13, the focus magnet provides
lines of force that are essentially in the direction of the electron beam. How-
ever, electrons in the beam also have an associated magnetic field. These
lines of force are circular around the beam axis in a plane perpendicular to
both the electron beam and the focusing field. When the magnetic field of
the electron beam is at right angles to the focusing field, these two fields
do not react with each other. Remember that the field strength is not changed
with two perpendicular fields. Therefore, these electrons can proceed along

Fig. 7-12  Kinescope using low-voliage electrostatic deflection.
Note internal connection of grids 3 and 5 to ultor, the centering
magnet, and bent gun requiring an ion-trap magnet.
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