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PREFACE

This book presents a comprehensive course in television, including
color television, for radio servicemen and technicians. The practical
explanations of television principles, receiver circuits, and trouble
shooting are planned for the beginning student in television. For each
topic the essential points are first described in direct, simple terms, and
then details are added progressively to provide a thorough explanation of
the subject. This method of presentation, based on the author’s experi-
ence in teaching television courses for many years, has proved very
successful in helping students to understand television.

The book is a suitable text for television courses that follow a course
in radio fundamentals. Similarly, Chapter 24 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 receivers. No
mathematics other than arithmetic and some simple algebra is needed to
study the book, and even this is limited for the most part to the chapter
on Practical Design of Video Amplifiers. Many simplified drawings,
complete schematic diagrams, and photographs are used to illustrate
each topie, in addition to practical hints and concrete examples. Charts
and tables are used throughout the book to summarize a large amount of
useful information and to emphasize important comparisons. Review
questions are included at the end of each chapter.

The second edition, like the first presents the basic material first to
allow continuity from topic to topic throughout the book. First the
principles of the television system are explained, then the general require-
ments of television receivers, followed by a detailed explanation of
receiver circuits. A separate chapter on each receiver section allows a
thorough analysis of typical circuits. The advanced circnits and
techniques of modern television receivers, including provision for the
u-h-f television channels, are included. There are two chapters on the
video amplifier circuits and on the deflection circuits, because of their
importance. Each chapter on receiver circuits is concluded with essen-
tial trouble-shooting principles used for localizing troubles to one section
of the receiver. The organization and continuity make the book suit-
able for independent home study.
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viii PREFACE

Most of the material in the first edition has been rewritten and new
illustrations added to bring this revision completely up to date and
provide more practical information on servicing. There is a thorough
explanation of color television. Receiver requirements for the u-h-f
television channels are integrated into the discussions of r-f tuners,
antennas, and transmission lines. Intercarrier sound is emphasized,
and the discussions of a typical receiver are based on the use of intercarrier
sound. The ratio detector circuit is explained more thoroughly. Auto-
matic gain control has been expanded into a separate chapter. Auto-
matic-frequency-control circuits for the horizontal deflection oscillator
are fully explained. Details are included on horizontal output circuits
with reaction scanning, hoosted B+, and flyback high voltage. The
chapter on receiver servicing describes principles of localizing troubles for
common service problems, with additional practical information on r-f
and i-f alighment. The tables in this chapter summarizing receiver
troubles have been enlarged, and cross references added for the sections
in each chapter giving detailed explanations of the trouble symptoms.

The McGraw-Hill text-film series Basic Television—Principles and
Servicing (six 16mm motion-picture films) is closely correlated with this
text, as follows: The Television System is correlated with Chaps. 1 to 3;
Antenna Installation, with Chap. 21; Television Recetvers, with Chap. 8;
Localizing Troubles, with Chap. 8; Deflection Circutts, with Chap. 18; and
Practical TV Alignment, with Chaps. 19 and 23. There is also a series of
six 35mm follow-up filmstrips with captions in the form of questions.
These films and filmstrips are available from the Text-Film Department
of the McGraw-Hill Book Company.

My former fellow instructors Mark Karpeles and the late Joseph
Powder checked the manuseript of the first edition, besides contributing
valuable material, especially on video amplifiers, and I am deeply grateful
for their wholehearted assistance, For the second edition, my good
friend Milton Kaufman, engineer of the CBS-Columbia Color Engineering
Laboratories, reviewed the manuseript and made many helpful sugges-
tions on color television, deflection circuits, and trouble shooting.

The schematic diagrams and photographs in the book have been made
available by many organizations, as noted in each illustration, and this
courtesy is gratefully acknowledged. Many of the photographs of
trouble symptoms in the picture are from the booklet TV Servicing and
the RC A Television Picto-O-Guide, by John R. Meagher, published by the
RCA Tube Department. Photographs have also been used from the
Home Study Television Servicing Course published by RCA Institutes,
Inc. Schematic diagrams and photographs provided by C. E. Welsher,
manager, Technical Publications and Service Clinic Group of RCA
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Service Company, Inc., have been helpful. The RCA Service Company
also supplied color illustrations for the chapter on Color Television. The
Technical Writing Department of Admiral Corporation has provided
schematic diagrams and helpful information on Admiral television
receivers.

The photographs in Figs. 8-4, 19-17, 20-5, 20-12, 20-16, 21-2, 214, and
23-7 are from the correlated motion pictures and filmstrips of the text-
film series Basic Television—Principles and Servicing. Photographs have
also been provided by the Philco Corporation, Sylvania Electric Products,
Inc., Zenith Radio Corp., Allen B. DuMont Laboratories, Inc., and other
manufacturers, as noted in each illustration.

It is a pleasure to thank my wife Ruth for her excellent work in typing
the manuscript.

Bernarp GrosB
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CHAPTER 1

THE TELEVISION SYSTEM

Television means ‘“‘to see at a distance.” Qur 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

Fia. 1-1a. A still picture.

result required is a motion picture, television is basically a system for
reproducing a still picture such as a snapshot. Many of these still pic-
tures 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 s
simple still picture.

1




2 BASIC TELEVISION

1-1. Picture Elements. A still picture is fundamentally an arrangement
of many small dark and light arcas. In a photographic print the fine
grains of silver are distributed over the picture in a manner that provides
the differences in light and shade needed to reproduce the image.  When
a picture is printed from a photoengraving there are many small black
printed dots in the reproduetion, which form the image.  Looking at the
still picture and its magnified view in Fig. 1-1, it can be scen that the

printed picture is composed of small elementary areas of black and white.
Note that the number 3 on the player’s back is black because it contains
many black printed dots of large diameter, while the uniform is white
because the printed dots are small and widely separated. Shades of gray
between black and white are reproduced in the same way by the proper
distribution of black and white areas in the picture. This basie structure
of a picture is evident in newspaper photographs. If they are examined
closely, the dots will be seen because the picture elements are relatively
large.

Each small area of light or shade is a basic element of the picture.
These are called picture elements, since they contain the visual information
in the scene. If all the elements are transmitted and reproduced in the
same degree of light or shade as the original and in proper position, the
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picture will be reproduced.  Assume that it is desired to transmit an
image of the black 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 ele-
mentary areas of black and white
shown. Those picture elements
corresponding to the background
are white, wh:le the elements form-
ing the ecross are black. When ¢
cach picture clement is transmitted  Fie. 1-2. Reproducing a picture by dupli-
to the right side of the figure and cating the picture clements.
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 eorresponding to a pie-

T
T

—- - -

1. 1-3. The iconoscope eamera tube.  The electron-gun strueture in the narrow
part of the tube produces a beam of eleetrons aimed at the mosaie image plate,

(RCA.)

ture element, the television system requires a camera tube and an image-
reproducing tube.  The camera tube has the funetion of prodacing an
electrie signal that corresponds to the visual information in & picture
element, while the image-reproducing tube must he able to convert the
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electric-signal voltage back into a visual image that is the duplicate of
the original picture element. In comparing this with the more familiar
system of transmitting sound, the camera tube corresponds to the micro-
phone at the broadcast station and the image-reproducing tube corre-
sponds to the loudspeaker at the recciver.

A camera tube such as the one shown in Fig. 1-3 can be used at the
television broadcast station to produce an electric-signal voltage propor-
tional to the brightness of a picture element. This particular type of
camera tube, the iconoscope, has a mosaic plate about 3 by 4 in. in size,

.-J-—

o Yt

FiG. 1-4. A television studio scene. (.Vational Rroad-asting Company.)

upon which the entire scene to be televised is focused by means of an
optical lens. The mosaic plate is covered with many minute globules of
a photosensitive material, so that the electric-signal output from any
part of the plate varies with the amount of light on that area. The
function of the mosaic plate is similar to that of the photographic plate
or film of an ordinary camera in that the optical image is focused upon
it. Because it responds to variations in light intensity, the mosaic plate
can translate a picture element into its corresponding electrie signal.

The way that a scene is televised in the studio of the broadeast station
by means of a television camera is shown in Fig. 1-4. Note the micro-
phone on the boom overhead for the associated sound, and the television
cameras in the illustration. Each contains a camera tube for providing
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the required electrie-signal output that corresponds to the picture ele-
ments.  Several cameras are used to obtain different camera angles for
the picture.

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
amplified for the sound signal transmitter. For transmission of the pic-
ture, the camera tube converts the visual information inte electric signals
corresponding to the picture clements in the scene being televised. These
eleetrical variations become the rideo signal, which contains the desired

Transmitting Picture
antenna tube

Picture signai

Camera 1 i
tute o circuits
Recteiving
= Video Picture signal gRicnnd
o7 € ! Scanning and
amplifiers| transmitter T synchronizing
Sound and circuits
: ° N
Scanning and pldg,:i;'tgsnal
synchronizing
circuits
Audio |,] Sound signal _J L,] Sound signal
aroplifiers, transmitter circuits
Microphone
Loudspeaker
TRANSMITTER RECEIVER

F1a. 1-5. Block diagram of the television system.

picture information. The video signal is amplified and coupled to the
picture signal transmitter. At the transmitter, the video signal modu-
lates a higher-frequency carrier wave to produce the transmitted picture
signal, as in standard radio broadecasting; the audio signal modulates a
separate carrier wave to produce the transmitted sound signal. The
transmitter output is then coupled to the transmitting antenra so that
the picture and sound signals can be radiated.

The receiving antenna intercepts the radiated picture and sound carrier
signals, which are then amplified and detected in the receiver. The
detector output includes the desired video signal containing the informa-
tion 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 image-reproducing tube, commonly called a picture tube or kine-
scope, is very similar to the cathode-ray tube used in the oscilloscope. A
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typical picture tube is shown in Fig. 1-6. The glass envelope contains an
electron-gun structure which provides a heam of clectrons aimed at the
fluorescent sereen.  When the electron heam strikes the sereen, it emits
light, and the sereen hecomes bright in proportion to the intensity of the

Fia. 1-6. A typical picture tube.  The
electron-gun structure in the narrow
part of the tube produces a beam of
cleetrons that is aceelerated to the
sereen.  (Sylvania  Electric Products,
Ine.)

electron beam.  Varying the intensity
of this beam by varying the volt-
age 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 inereased, making
the spot of light on the screen brighter.
More negative grid voltage reduces
the brightness. If the grid voltage
is negative cnough to cut off the
electron-beam current of the kine-
scope, there will be no light on the
screen.  This corresponds to black.
The video signal voltage corresponding

to the desired picture information is coupled to the control grid of the pic-
ture tube so that the picture elements can be reproduced on the kinescope
sereen. A typical direet-view television receiver is shown in Fig. 1-7, the

Fi16. 1-7. A direct-view table-model television receiver. (Hallicrafters Co.)
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reproduced image on the screen of the picture tube being viewed directly
from the front of the table-model receiver.

1-3. Scanning. Although one element is not enough to reproduce a
picture, the same proeess is carried out for all the picture elemeunts in sue-
cessive order, and each element is positioned correctly on the picture tube
screen to reproduce the entire picture. 'This is done in the same way
that a written page is read to cover all the words in one line and all the
lines on the page. Starting at the top left of the frame, which is the com-
plete picture, the scene is scanned from left to right and from top to bot-
tom one line at a time, as illustrated in Fig. 1-8. This method of search-
ing the picture for its information, called
horizontal linear scanning, is the method used
for scanning, both at the transmitter and at
the receiver.

The scanning is done by a very narrow
heam of electrons produced by the electron-gun
structure contained within the camera tube
and the picture tube. At the transmitter the . 1.8 Horizontal linear
electron beam is made to scan the image plate  scanning procedure. The
in the camera tube one element at a time and  dashed lines indicate hori-

. . zontal retraces.
to cover one horizontal line after another so
as to cover the entire picture. At the receiver the electron heam in the
kinescope is made to scan the screen in the same way. The scanning
sequence is this:

1. The beam is made to sweep across one horizontal line, covering all
the picture elements in the line.

2. At the end of the line the beam is returned very quickly to the left
side to begin scanning the next horizontal line. No picture information
is scanned during this retrace time, as both camera tube and pieture 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.

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 clements and,
therefore, more picture details. However, other factors limit the choice
of the number of scanning lines, and it has been standardized at a total
of 525 for one complete picture or frame. This is the optimum number
of scanning lines for the present television broadeast ehannels.

1-4. Motion Pictures. With all the picture clements in the frame tele-
vised by means of the scanning process, it is also necessary to present
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the picture to the eye in such a way that any motion in the scene appears
on the screen as a smooth and continuous 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
in the scene. In standard commercial
motion-picture practice, 21 frames are shown
on the screen for every second during which
the film is projected. A shutter in the pro-
jector 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 moved
into position. As a result, a continuous and
rapid succession of still-film frames is seen
on the sereen.  With all light removed during
the change from one frame to the next, the
eve sces a rapid sequence of still pictures
that provides the illusion of continuous
motion.

This illusion of motion is possible because
of a fortunate property of the human eye.
The impression made by any light seen by
the eye persists for a small fraction of a
second after the light source is removed.
Therefore, if many views are presented to
the eye during this interval of persistence of
Fig. 1-9. A strip of motion-  vision, the eye will integrate them and give
picture film. - (Eastman-Ko- ¢} impression of seeing all at the same
dak Company.) . . . . ..

time. [t is this effect of persistenee of vision
that makes possible the televising of one basic element of a picture at a
time.  With the elements scanned rapidly enough, they appear to the
eye as a complete picture unit with none of the individual elements
scparately 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 repetition rate greater than 16 per second.  The repeti-
tion rate of 24 pictures per second used in motion-picture practice is satis-
factory and produces the illusion of motion on the screen.
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HHowever, 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 sereen, which
is made alternately bright and dark. The extent to which this flicker can
he noticed depends on the brightness of the sereen, the flicker effect being
worse for higher illumination levels. In motion-picture practice the
problem of flicker is solved by running the film through the projector at
a rate of 24 frames per second but showing each frame twice so that 48
pictures are flashed on the screen during each second. A shutter is used
to blank out light from the screen not only during the time when 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.

1-5. 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 provide sufficient complete pic-
tures or frames per second to give the illusion of motion in the reproduced
scene on the picture tube screen.  Instead of the 24 in commercial motion-
picture practice, however, the frame repetition rate is 30 per second in
the television system. This repetition rate provides the required con-
tinuity 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 repetition rate great enough to eliminate flicker.

The frame repetition rate of 30 is chosen in television, rather than the
24 of commercial motion pictures, primarily because most homes in the
United States are supplied with 60-cycle a-c power. Having the frame
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repetition rate of 30 per second makes the field repetition rate exactly
equal to the power-line frequency of 60 cycles per second.  This simplifies
the problem of filtering the power supplies at the recciver and transmitter.

1-6. Synchronization. There are 30 complete frames scanned during
cach second and the total number of horizontal seanning lines is 525 for
each frame, which means that 525 X 30, or 15,750, horizontal lines are
scanned per sccond. This sets the line-scanning rate at 15,750 cps.
Since ecach frame is scanned in two fields, the standard field-scanning rate
is 30 X 2, or 60, eps. Not only must the line- and field-scanning fre-
quencies be standardized, but the seanning at the receiver and the scan-
ning at the broadcast station must be exactly synchronized. Time in
scanning corresponds to distance in the image. As the electron beam in
the camera tube scans the image, the beam covers different elements of
the image and provides the corresponding picture information; 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 pic-
ture information being received corresponds to his nose. Therefore, in
order to keep the transmitter and receiver scanning in step with each
other, special synchronizing signals are transmitted with the picture
information 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 retrace time, thus keeping the receiver and transmitter scanning
synchronized. Without the vertical field synchronization, the repro-
duced picture at the receiver does not hold vertically, rolling up or down
on the kinescope screen. If the scanning lines are not synchronized, the
picture will not hold horizontally, 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
synchronizing pulses is also 60 cps.

1-7. Picture Qualities. The excellence of the picture as it appears to
the observer viewing the image at the receiver depends on the following
factors.
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Brightness. 'This is the over-all or average intensity of illumination in
the reproduced picture. The brightness of the picture must be great
enough to provide a picture that can easily be seen. It is also desirable
that the picture be bright enough to permit comfortable viewing in day-
light or in a room with normal lighting. This presents a problem because
the fluorescent screen of the kinescope is illuminated on only one small
area at a time, thus making the over-all brightness of the complete pic-
ture much less than the actual spot brightness. Suitable brightness is
especially difficult to obtain in a big picture because the light intensity
must be distributed over a large area.

Contrast. By contrast is meant the relative difference in intensity
between black and white parts of the reproduced picture, as differentiated

ture having low resolution and poor definition; (b) fine detail having high resolution
and good definition,

from brightness, which is the average intensity. The contrast range
should be great enough to produce a pleasing picture, with bright white
and complete black for the extreme intensity values. Weak contrast,
which is caused by insufficient video signal amplitude, results in a weak
picture that is soft in appearance but dull and flat. Exeessive contrast
makes the picture appear hard, usually with distortion of the gray values.

Detail. The quality of detail in the reproduced picture, which is also
called resolution or definition, depends on the number of basic picture
elements that can be reproduced. With a great number of small picture
elements, the fine detail of the image is evident. If only the larger ele-
ments can be reproduced, mueh of the pleasing quality of the original
scene will be lost in the reproduction. Therefore, as many picture ele-
ments as possible should be reproduced on the screen of the picture tube
in order to have a picture with good definition. This makes the picture
clearer, as small details are evident and objects in the scene are outlined
sharply. Good definition also gives apparent depth to the picture by
bringing in details of the background.



12 BASIC TELEVISION

The improved quality of a picture with more detail can be seen in Fig.
1-10, which shows how a larger number of picture elements can increase the
definition. With 525 scanning lines per frame, and the fixed bandwidth
of the transmission channels used in our commercial television system, the
amount of detail is limited to a maximum of approximately 150,000 pic-
ture elements for the entire picture, regardless of its size. This normally
allows a reproduced picture with the same detail as in 16-mm motion
pictures.

Viewing Distance. With a given size for the reproduced picture and a
fixed number of picture elements, which cannot be exceeded in the tele-
vision system regardless of the sereen size, there is a proper viewing dis-
tance for obtaining the most satisfaction in observing the picture. If
the observer is too close to the screen, the picture appears coarse, with the
scanning lines possibly becoming evident. At greater viewing distances
some of the fine picture detail will be wasted. The best viewing distance
is about four to eight times the picture height, depending on the indi-
vidual visual acuity of the observer and on picture brightness. The
viewing distance should not be so close that the eye must move excessively
to follow the action in the picture, nor should the viewing distance be so
far that the eye remains fixed on the image as a whole, since both condi-
tions produce eye fatigue. In addition, the viewing distance should be
increased with higher values of brightness.

Aspect Ratio.  The ratio of width to height of the picture frame is called
the aspect ratio. This has heen standardized as 4:3, making the picture
wider than its height by a factor of 1.33. Only the proportions of the
picture frame are standardized by the aspect ratio. The actual picture
size can be anything from a few square inches to 20 by 15 ft, as long as the
correct aspect ratio of 4:3 is maintained. This gives the television
picture practically the same proportions as a frame in motion-picture
film.

1-8. Television Channels. The television system must reproduce a
great deal of pieture information within a very short period of time. It
takes 140 sec to scan the complete picture once, and during that time
525 horizontal lines are scanned. Therefore, it takes only 1/15,750 sec
to scan one line from left to right and retrace to start another line, Also,
within each horizontal line there are many picture elements. Because
so much picture information must be contained 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 Me, television broadeast stations
use transmitting frequencies much higher than the standard broadcast
band (535 to 1,605 ke) for radio broadcast stations. Also, a much wider
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band of frequencies is necessary for transmitting a television program.
The band of frequencies assigned to a broadeast station for transmission
of their signals is called a caannel.

Each television broadecast station is assighed by the Fed:ral Com-
munications Commission (FCC) a channel 6 Me¢ wide ii. one of the fol-
lowing television broadeast bands: 54 to 88 Me, 174 to 216 My, and 470
to 890 Mec. The 54- to 88-Mc and 174- to 216-Mc bands are in the very-
high-frequency (v-h-f) spectrum of 30 to 300 Mec originally use1 for tele-
vision broadecasting. The 54- to 88-Me band includes channels 2 to 6,
inclusive, which are often called the low-band v-h-f television channels;
the 174- to 216-Me band includes channels 7 to 13, inclusive, which are
often called the high-band v-h-f television channels. The 470-to 890-M¢
band is in the ultra-high-frequency (u-h-f) spzctrum of 300 to 3,000 Mec.
This band includes the u-h-f television channels 14 t> 83, inclusive.
These have been added to the previous v-h-f television channels to
provide more channels for the expanding television broadcast service. In
all the bands, each television broadeast chann:l! is 6 Me wide .1 order to
accommodate the picture earrier signal, whi:h is amplitude-aodulated
by the wide range of signal-voltage frequencies produced in scanning the
picture, and to include the sound signal associated with the pi:ture.

1-9. The Associated FM Sound Signal. The sound associate:1 with the
televised scene is transmitted simultaneously with the pisture signal in a
common 6-Mc channel to permit a complete isual and sound reproduc-
tion of the televised program. The sound and picture signals are trans-
mitted on separate carrier waves, however. Although the picare signal
is amplitude-modulated, the sound is transmitted as a freque=cy-modu-
lated signal. With the h.gh transmitting ‘requencies and the 6-Me
channel employed for transmitting the picture signal, there is ecasily
enough space in each television channel for th: FM sound signe.l, provid-
ing the advantages of frequency modulation Zor the souid. amplitude
modulation is preferable for the picture signal, however, becat se there is
less distortion of the picturz with reception of multipath signe_s.

1-10. Standards of Transmission. The problems of televising a scene
bring up many factors that make the receiver dependent upon the trans-
mitter for proper operation. This makes it necessary to set up standards
for the transmitter for use by all television broadcast stations, so that a
receiver will work equally well for all stations. These have been specified
as a list of transmission standards? by the Federal Comir inications

1 The specific frequencies for all the television brocdcast channels are Ested in the
Appendix.

* The complete technical stardards are in the Fede-al Communications Commission
Rules Governing Radio Broadcast Services, Part 3, Subpart E, Rules Governing Tele-
vision Broadcest Stations. Th:s also gives channel assignments by statea and cities.
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Commission (FCC). Several points in the standards are listed here to
summarize this brief outline of the television system:

1. It is standard to scan at uniform velocity in horizontal lines from
left to right, progressing from top to bottom of the image, when viewing
the scene from the camera position.

2. The number of scanning lines per frame period is 525.

3. The frame repetition rate is 30 per second, and the field repetition
rate is 60 per second.

4. The width of the channel assigned to a television broadeast station is
6 Me.

5. The associated sound is transmitted as an FM signal. The sound
carrier signal is included in the 6-Me¢ 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.

1-11. Color Television. The basic principles of color television are
the same as those of the black-and-white (monochrome) television sys-
tem, with the additional requirement that the colors of the visual scene
are to be reproduced in the televised scene. When the image is scanned
at the broadecast station, video signals corresponding to the desired pic-
ture information are obtained for the red, green, and blue colors in the
scene by using optical color filters. The color video signals are then
combined in order to convert the picture information into the following
two signals for transmission to the receiver in the standard 6-Mec tele-
‘vision broadecast channel:

1. The luminance signal, which contains the brightness variations of
the picture information, including fine details. This signal is transmitted
with essentially the same standards as in monochrome television.

2. The chrominance signal, which contains the color information only
for arcas large enough to require color for suitable color reproduction.
Because of the restricted bandwidth necessary for the chrominance sig-
nal in the 6-Me broadcast channel, there is no color reproduction for
small details. Both the chrominance and luminance signals are trans-
mitted to the receiver by amplitude modulation of the picture carrier
wave, as in black-and-white television broadcasting, in the station’s
assigned 6-Mc channel in the v-h-f or u-h-f television broadcast bands.

By means of the luminance signal alone, a conventional television
receiver for monochrome reproduces in black and white a picture tele-
vised in color. There is no need for an adapter, as the monochrome
receiver uses the luminance signal for a black-and-white picture repro-
duction without interference from the chrominance signal. In a color
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television receiver the chrominance signal is combined with the lumi-
nance signal to recover the original red, green, and blue color video
signals. These are then used for reproducing the picture in color on the
screen of a color kinescope. Color television receivers can also repro-
duce in monochrome a picture televised in black and white. As a result,
programs televised in color are reproduced in color by color television
receivers, while monochrome receivers reproduce the picture in black and
white. Television programs broadcast as a monochrome picture are
reproduced in black and white by both monochrome and color television
receivers,
REVIEW QUESTIONS
1. What is a picture element?
2. What is the function of the eamera tube? Of the picture tube?
3. Describe briefly how a scene is televised to be reproduced on the sereen of the
television receiver,
4. How is the problem of flicker overcome in commercial motion-picture practice?
In television? Why is this successful in eliminating flicker?
6. How is motion in the scene reproduced in the television system?
6. Describe the horizontal linear scanning proeedure.
7. How many horizontal lines are scanned in 14 sec?
8. Why is synchronization necessary in the television system?
9. What is the picture repetition rate in television?
10. What is the vertical-ficld-seanning rate, in cyeles per second?
11. What is the horizontal-line-scanning rate, in cycles per second?
12. What is the standard aspeet ratio for the picture reproduced on the sereen of the
pieture tube?
13. What is the bandwidth of frequencies assigned for television broadeast channel
13?  What two signals are ineluded in the one channel?
14. How is the associated sound transmitted?
16. How does the picture quality of contrast differ from brightness?
16. Why is it necessary, for good detail in the picture, to transmit and reeeive a
great deal of picture information within a short period of time?
17. How could the speed of the scanning beam be reduced? What effect would this
have on the picture?
18. How much time in microseconds is required to scan a eomplete horizontal line,
which includes the trace and retrace?
19. In color television broadcasting, why can the luminance signal be used in mono-
chrome receivers to reproduce the picture in black and white?



CHAPTER 2

CAMERA TUBES

The picture signal begins at the television camera. Here the televised
scene is converted to an equivalent electric signal that can be transmitted
to the receiver. In order to accomplish this the camera must first be a
viewing instrument capable of ‘“seeing” the televised scene. As illus-
trated in Fig. 2-1, light from the illuminated scene is focused by means of

Image
plate
Light Camera
from image /Iens A = ,;'\\g
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scanning beam

Electron gun

Fig. 2-1. Televising an image with a camera tube.

an optical lens to provide the desired image for the camera tube. Figure
2-2 shows a television camera with several different lenses for close-up
views or long shots of the televised scene. With the scene focused on the
image plate of the camera tube it is then possible to convert the varia-
tions of light intensity in the picture elements into a chain of electric
impulses that correspond to the picture information, by means of the
electron scanning beam and the photoelectric properties of the image

plate.
16
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2-1. Photoelectric Effect. (‘ertain metals have the property of emit-
ting electrons when light strikes their surface.  The light-sensitive surface
usually consists of a silver base upon which is evaporated a thin layer of a
photosensitive metallic compound. Cesium oxide is often used as the
photocleetric material because it is most sensitive to the light produced
with incandescent lighting.  When a positive collecting plate is placed
close to the emitting surface, which is now a photocathode, the emitted

!

/ . * i
F1a. 2-2. Portable television eamera, with four lenses of different foeal lengths mounted
on a revolving turret. The long barrel has a telephoto lens for close-ups.  An image
orthicon camera tube is used in this camera head. (Allen B. Du Mont Laboralories,

Inc.)

cleetrons can be collected to produce an elecetrie current that eorresponds
to the incident light.  T'he photoelectrie action is practically instantane-
ous, and the number of electrons emitted can be made direetly propor-
tional to the amount of incident light, thus providing an electric signal
with variations that correspond exactly to the variations in light inten-
sity.  This is the fundamental action by which the optical image is con-
verted to an electrie image.

The light-sensitive surface can be enclosed in a vacuum and a positive
anode provided to collect the emitted eleetrons, forming a phototube such
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as the one illustrated in Fig. 2-3.

The photoelectric tube, or PE cell, as it

is often called, is a cold-cathode two-element tube with a large curved

FeaErT S gt |

Fia. 2-3. A typical vacuum photo-
tube. The average cathode cur-
rent for such a tube is several
microamperes with an anode volt-
age of 100-250 volts. (12CA.)

cathode, the inne- surface of which is
coated with the light-sensitive material.
As large an area as possible is used for
the photocathode structure in order to
intercept the max:mum amount of light.
The narrow wire down the eenter of the
tube is the anode.

Phototube Amplifier Circuit. Figure
2-4 illustrates the manner in which the
phototube can bz used in conjunction
with a conventional amplifier circuit.
When the cathode surface in the photo-
tube is illuminated by the light source,
the electron flow resulting from photo-
electric emission is from cathode to the
positive anode, through the anode supply,
and back to cathode through the external
load resistor K,. The voltagedrop across
R, produced by the photoelectric current
is impressed between grid and cathode
of the amplifier tube. Any changes in
grid voltage vary the amount of plate
current flowing in the amplifier, thus
providing an appreciable signal in the

output circuit, which corresponds to the original photoelectric signal.

Additional stages can be used

after the first amplifier to produce the

desired amount of amplification.

Phototube Amplifier
Light Anode Photocathode
source ——
Q 7 output
\

Photoelectric
current

- Ul

Fia. 2-1. Phototube amplifier circuit.

The A battery supplies filament power, the B

supply provides plate voltage and the € battery furnishes grid bias for the amplifier.
The D supply makes the phototube anode positive with respect to its eathode.

Secondary Emission and Multiplier Phototubes. Metals have the prop-
erty of emitting electrons when their surfaces are bombarded by incident



CAMERA TUBES 19

electrons having a high velocity. This is called secondary emission, and
the electrons emitted from the metallic surface by the incident primary
clectrons are called secondary electrons.  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.

Phototubes and other low-current tubes often employ an electron-mul-
tiplier structure, making use of the secondary-emission effect to amplify
the small amount of available current. In such tubes a series of cold
anode-cathode electrodes called dynodes is mounted internally, with each
at a progressively higher positive potential as illustrated in Fig. 2-5. The

Dynode 3 (+ 300 volts)

Dynode 4

<400 volts Dynode 2 (+200 volts)

!
Dynode 5 Secondary electrons

4500 volts Dynode 1 (4100 volts)

Anode Photoelectrons

+600 volts

Photocathode
0 volts

Fic. 2-5. Illustrating an electron-multiplier structure for a phototube.

Incident light

few electrons emitted by the photosensitive surface are accelerated to a
more positive element and in striking the dynode 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 arriving electron may be only three or four, depending on the
potential and the type of surface; but the number of electrons available is
multiplied 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 necessary for operation, however, because each stage
must be at a progressively higher potential.

2-2. Flying-spot Camera. The arrangement shown in Fig. 2-6 is
called a flying-spot camera because the spot of light is made to move over
the image to scan the entire picture. This system combines the photo-
tube 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
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produces a beam of electrons aimed at the luminescent screen, resulting
in a small spot of light in the area where the clectrons strike the sereen.
Deflection coils apply horizontal and vertical deflecting forces to move the
electron beam and the light spot over the entire face of the tube, produe-
ing the required scanning motion.  The brilliance of the light spot is not
changed during the scanning but is kept at as high a value as can be
obtained without burning the screen.  When the seene to be transmitted
isin the form of a transparent film strip or slide, as shown in the figure, the
light from the scanning spot passes through the film and is collected by a
phototube behind the image. The amount of light that passes through
the film to the phototube varies
with the density of the film. As
the light spot scans the entire image
to be transmitted, the output of
the phototube contains signal varia-
tions for all the picture elements,
thus providing the desired camera
slide output signal.
Use of the flying-spot camera is
Fig. 2-6. Flying-spot scanning arrange- generally limited to a small image,
ment. such as a film slide, placed close to
the light source. The scanning
speed required for high-definition pictures is easily obtained, however, and
special flying-spot cathode-ray tubes have been developed to produce
sufficient light for the image. Sensitive phototubes containing an elec-
tron multiplier are used with the flying-spot scanner to obtain enough
signal for production of a high-quality picture. Figure 2-7 shows a
flying-spot camera pickup.

2-3. Camera Pickups. A device that can convert the light image into
a corresponding electrical signal is called a camera pickup. This com-
bines photoelectric conversion of light into electricity with scanning to
provide signal for all the picture elements in the image, as illustrated by
the flying-spot camera pickup. A pickup that includes in one unit facili-
ties for scanning and photoelectric conversion to produce the desired
camera signal output corresponding to the complete picture is called a
camera tube. The most common types of camera tubes are the icono-
scope, the image orthicon, and the vidicon.

Camera Sensitivity. The sensitivity of the camera pickup is the ratio
of electric-signal output to the amount of light needed for producing the
signal. In order to provide enough camera signal with moderate illumi-
nation, the sensitivity should be as high as possible. With increased
sensitivity for the camera pickup, the assoeiated optical system can use
smaller lens apertures, improving the depth of focus and reducing the

Phototube

Light
spot
Electron
beam

“~ Deflection coils
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size and cost of the optical equipment necessary to obtain enough camera
signal.

Instantaneous Pickups. An instantaneous camera pickup is one that
produces output signal for the light in a picture element only at the instant
it is scanned. The flying-spot camera pickup is an example. The sensi-

!

Fra. 2-7. Flying-spot eamera pickup using flying-spot cathode-ray tube 5WP15.
(RCA)

tivity of an instantancous camera pickup is inherently limited to rela-
tively low values because the illumination used to produce signal cannot
be stored.

The Storage Principle. In order to increase the efficiency of camera
tubes, several storage tubes have been developed to provide useful camera
output at low light levels. In these storage tubes the effect of illumina-
tion on a picture clement is allowed to accumulate between the times it is
scanned in successive frames, so that the amount of camera signal avail-
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able in the output is enormously increased over the amount of output
available in an instantaneous system. Taking the number of picture
elements in a frame as 150,000, the increased light sensitivity of a storage
tube can be 150,000 times as great as in an instantaneous system if the
storage tube fulfills the theoretical possibilities by storing light through
the entire frame period.

Masking Voltages. Camera sensitivity is needed because the camera
signal produced must be greater than some minimum level if it is to be
useful. In practice it is impossible to amplify exceedingly small currents
or voltages and obtain a useful output signal, because small random

Insulating layer-

mica sheet
Area of
Collector Area of i
b : signal plate
ring Photoelectrons Conducting signal "‘°5"°\C ¢ . P |
. late ignal
Light from scene N’ P
to be transmitted ‘," Rs output to
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HSecondary Hi > amplifier
electrons O8 R,
;—/ Sim,) R,
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F1G. 2-8. The iconoscope camera tube. R, is the resistance of the path for secondary
electrons from the mosaic to the collector anode, which is about 5 megohms. A
typical value of the load resistor R, is 10,000 ohms. The capacitance of C is about
100 puf per sq cm. (a) Tube construction; (b) signal circuit.

voltages always present in the amplifier produce a spurious signal. These
random currents or voltages result from heating in the circuit components
and from tube noise and are amplified along with the desired signal. If
the signal voltage is not large enough initially, the amplified output will
not be useful because of the dominance of the spurious signal. The
spurious signal has no relation to the desired signal and may be called
masking voltage because it tends to obliterate the useful signal. It is
called noise in a sound system. In a visual system the masking voltages
produce random changes in light values that give the picture a speckled
appearance which is generally described as ‘““snow.” The ratio of signal
to masking voltage should be at least 20: 1 and preferably more than 50:1.

2-4. lconoscope. Invented by V. K. Zworykin, the iconoscope is the
first of several types of camera tubes utilizing the light-storage principle
to increase camera sensitivity. Excellent results are obtained with the
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iconoscope where the illumination of the televised scene is 800 ft-candles,!
while usable pictures are possible at lower light levels. A photograph of
a typical iconoscope is shown in Fig. 1-3, and the diagrams in Fig. 2-8
illustrate construction and operation of the tube. Figure 2-9 shows
how the iconoscope is mounted in a camera head for televising motion-
picture film.

The Image Plate. The scene to be televised is focused through the glass
window of the vacuum tube onto the flat image plate, called the mosaic

Fia. 2-9. Inside view of an iconoscope camera for film. Note back-light_l‘musing at
left; rim light not shown. (Allen B. Du Mont Laboratories, Inc.)

plate because it is coated with many globules of the light-sensitive mate-
rial. The mosaic plate is a very thin sheet of mica covered on one side
with a large number of minute globules, photosensitized by means of an
activating process that produces silver globules coated with cesium oxide
and pure cesium. This side of the image plate faces the optical window
and receives light from the televised scene. The opposite side of the
mica sheet is coated with a conducting film of eolloidal graphite, which
is the signal plate. The size of the rectangular image on the mosaic plate

1 The foot-candle is a unit of illumination. As an example, the desired illumination
on a library reading table is about 10 ft-candles.
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of a typieal iconoscope is 434 by 3% in.  T'wo caps sealed into the glass
bulb connect internally to the signal plate and the collector ring.

An individual silver globule on the mosaic surface has a diameter of less
than 0.001 in. and is insulated from neighboring globules by the mica.
Each cesium-silver globule, heing photoelectric, emits electrons propor-
tional to the amount of light incident at that point and accumulates a
positive charge because of the loss of electrons. Insulation by the mica
between globules preserves the distribution of the charge on different
parts of the mosaic. Therefore, the picture information in the optical
image is stored in the form of a charge image on the mosaic plate. The
value of the charge deficiency at any point on the mosaic continuously
increases as light continues to strike the photoelectric surface, and the
charge distribution can be maintained for as long a time as is necessary
because of the mica insulation.

Scanning the Mosaic. The electron-gun structure in the narrow elbow
of the tube produces a heam of electrons aimed at the image plate for elec-
tronic scanning of the mosaic. Horizontal and vertical deflecting coils
are mounted externally on the neck of the tube to provide magnetic
deflection of the electron beam to scan the entire image. Electrostatic
focusing is used. In order to eliminate any obstruction in the light path
to the mosaic, the electron gun is mounted at an angle to the image plate.
The second anode of the electron gun is in the form of a metalized coating
on the inside wall of the glass tube, which is at a positive potential of 1,000
volts with respect to the cathode of the eleetron gun in order to accelerate
the secanning-beam clectrons away from the cathode toward the mosaic
plate.  An inverted power supply is used, with the cathode at a high
negative potential so that both the collecting ring and the image plate can
be at ground potential.

Secondary Emission.  Figure 2-8a shows that secondary electrons are
emitted when the high-velocity scanning beam strikes the mosaic surface.
Enough secondary electrons are cjected from the mosaic to make the
potential of the point scanned approximately 43 volts. Note that this
is the potential of any point on the mosaic only at the instant it is being
scanned by the electron beam. The emitted secondary electrons can be
collected by the anode collector ring to provide the output signal current.
However, not all the secondary electrons ejected from the point on the
mosaic being scanned are collected by the anode ring. Those secondary
electrons not collected return to other parts of the mosaic plate in a
random distribution. This redistribution current, consisting of a rain
of secondary electrons, makes the mosaie plate negative, since more
secondary clectrons are added than are lost by photoemission.  Except
for the one point being scanned, therefore, the entire mosaic area becomes
negatively charged because of the redistributed secondary electrons pro-
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duced by the scanning beam. With a light image on the mosaic plate,
photoemission makes the white parts of the picture less negative than the
dark parts.

Signal Action. As the electron beam scans the mosaic plate, its charge
distribution provides a varying secondary-emission current corresponding
to the picture information. Each point ejects enough secondary electrons
to change its potential to +3 volts, from some negative voltage that
depends on the light value. Dark picture elements cause increases in
current because more secondary electrons can be emitted from the more
negative areas of the mosaic. Since white areas are less negative because
of greater photoemission, these points provide less secondary-emission
current. As each point on the mosaie is scanned successively, therefore,
the instantancous changes in secondary-emission current correspond to
the variations of light in the image. The part of the secondary-emission
current collected by the anode ring is the output signal current. The
varying signal current can flow in the capacitive output circuit illustrated
in Fig. 2-8b, from the mosaic to the collector ring in the tube, returning
to the signal plate through the output load resistor R;, and back to the
mosaic by means of its capacitance to the signal plate through the mica
dielectric. With R, equal to 10,000 ohms and a signal current of approxi- -
mately 0.1 wa for the highlights in the scene, as typical values, the output
signal voltage across K, is 1,000 uv.

Shading Correction. The secondary electrons falling back on the
mosaic produce an irregular charge distribution that does not correspond
to the picture information. This causes undesired variations in the out-
put signal, therefore, which result in uneven shading of the reproduced
picture. To correct for the spurious shading, it is necessary to add
shading-correction signals in the output of the iconoscope, at the vertical
scanning frequency of 60 cps to correct the shading from top to bottom
in the picture and at the horizontal scanning frequency of 15,750 cps to
correct the shading from left to right.

Bias or Back Light. This is a light mounted in the camera housing to
illuminate the back of the iconoscope in order to increase its sensitivity.

Rim or Edge Light. This is a thin rectangle of light projected around
the front rim of the iconoscope’s image plate. The intensity of the edge
lighting can be varied to minimize white flare that often appears at the
edges of the picture produced by an iconoscope.

Keystone Correction. Because the clectron gun in the iconoscope is
inclined with respect to the flat image plate, the beam would scan an area
shaped like a keystone, instead of the rectangular area required. The
keystoning effect is illustrated in Fig. 4-6. To eliminate this distortion
of the scanning pattern, a keystone correction circuit is necessary with an
iconoscope camera.
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2-5. Image Orthicon. The image orthicon is the camera tube most
commonly used in television broadcasting, because of its high sensitivity.
Good pictures are obtained with an illumination of about 8 to 40 ft-can-
dles in the televised scene. With the image orthicon, any scene visible
to the eye can be televised.

Construction and Operation. A photograph of
the image orthicon camera tube is shown in Fig.
2-10, while its construction and operation are
illustrated in Fig. 2-11. The tube has three main
sections within the vacuumed glass envelope: the
image section, scanning section, and electron multi-
plier. As illustrated in Fig. 2-11, light from the
scene to be televised is focused onto the photo-
cathode in the image section. Here the optical
image is converted to an electrical charge image on
the target plate. One side of the target plate
receives the electrons emitted from the photo-
cathode, while the opposite side of the target is
scanned by the electron beam from the scanning
seetion.  As a result, signal current for the entire
image is produred by the scanning beam. The
* signal current is then amplified in the electron-
multiplier section, which provides the desired
camera output signal.

The Image Section. The wide part of the tube is
the image section. The inside of the glass faceplate
at the front is coated with a photoelectric material,
consisting of a silver-antimony surface sensitized
| R . with cesium, to serve as the photocathode. This
Fig. 2-10. The image semitransparent photocathode receives the light
orthicon camera tube. i, 06 on the front side, while electrons are released

It is approximatel X )
151 ;n.pll)ongy 3 i,,’f from the side facing the target.

eyl S -

wide at the front face, The number of electrons emitted at any point in
‘:}'1‘(“1 far‘;‘(;w‘(‘:;dgc:tli‘::lg the photocathode is directly proportional to its illu-
(RCA) " mination. Therefore, the electrons have a distribu-

tion corresponding to the light variations in the

optical image, forming an electron image of the picture. This electron
image extends outward from the photocathode surface like bristles of a
. brush.  Since the target plate is about 400 volts more positive than the
photocathode, the entire electron image is attracted to the target.
Although the electrons tend to repel cach other and break up the charge
image, this scattering effect is remedied by using a long-focus coil that
extends over the image section. As a result, the electron image is focused
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at the target in order to produce a charge distribution on the target plate
corresponding to the image. Both sides of the target plate have the
required charge image.

The two-sided target is an exceedingly thin sheet of low-resistivity
glass, about 144 in. wide. Mounted on the side of the target toward the
photocathode is a very fine and uniform wire-mesh sereen, spaced
approximately 0.002 in. from the glass plate. The wire screen 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 too much with the image. 'The target
assembly, including the glass plate and mesh sereen, is connected to a

Electron-gun

and
Tmage mutiplier
section Scanning section seclion
Photoelectrons
Image accelerator /(electron image)  / :i:gzvoen':iacla'
grid No. 6 / deflecting ~Gnd No 2
—240 to ~400 volls\ ; if:&':gﬁ;y ,f (cols 500 ma ; and dynode No. I, 300 volts
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Fia. 2-11. Construction of the image orthicon.  All potentials are with respeet to zero
volts at the cathode of the electron gun.

voltage source that can be adjusted between —3 and +5 volts for the
hest 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. 2-10.

The Scanning Section. The electron-gun structure produces a beam of
electrons that is accelerated toward the target. Asindicated in Fig. 2-11,
positive accelerating potentials of 160 to 300 volts are applied to grid
2, grid 3, and grid 4, which is connected internally to the metalized con-
ductive 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 voltage supplied to grid 4. The alignment coil provides a mag-
netic field that can be varied to adjust the scanning beam’s position
exactly to correct for any mechanical misalignment of the electron gun.




28 BASIC TELEVISION

Deflection of the electron beam to scan the entire target plate is accom-
plished by the magnetic field of the vertical and horizontal deflecting
coils mounted externally on the tube.

Since the target plate is close to zero potential, the 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 arca. As a result, electrons in the scanning beam are
slowved down near the target. Depending upon the potential of indi-
vidual areas in the target, some scanning-beam electrons land on the

NN G
NN 7

-———— e — — Electron gun

Return beam  /
(signal current) (
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Fia. 2-12. Illustrating the electron-multiplier section of the image orthicon.

target while others stop at the glass surface and turn back to go toward
the clectron-multiplier structure. The electrons that return from the
target provide the desired signal current. These return electrons are the
primary scanning electrons, since the low-velocity scanning beam cannot
produce secondary emission.

The Electron-multiplier Section. The return beam from the target goes
to the electron multiplier for amplification of the signal current. As
illustrated in Fig. 2-12, the multiplier consists of several dynodes con-
structed as metal disks with cutouts, like a pinwheel. 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 1. Primary electrons
from dynode | strike the blades of dynode 2 to produce more secondary



CAMERA TUBES 29

electrons, which are attracted through the slots to the next stage. The
same action occurs for each succeeding dynode. Five multiplier stages
are used, each with a gain of approximately 4, providing a total gain of
4 X 4X 414X 4X4, or about 1,000. The secondary electrons are
finally collected by the anode, which is connected to the highest supply
voltage of + 1,500 volts, in series with load resistor B,. The anode cur-
rent 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 R, is the desired output, which is capaci-
tively 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
optical image into an electron image. The clectron image is 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, sec-
ondary electrons are emitted from the screen side of the glass plate to
produce a positive charge pattern on the plate. The charge is positive
because the number of secondary electrons emitted is greater than the
number of primary clectrons. 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, com-
pared with dark areas in the picture. Secondary electrons ejected from
the target are collected 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 produced 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
emission, and the secondary electrons are removed by the wire screen to
allow the charge to accumulate on the target plate. The charge distribu-
tion is preserved because the glass target plate has high electrical resist-
ance along the surface. In this direction the glass plate is very narrow
and has enough resistance to prevent the charge distribution from equaliz-
ing itself during the frame time of 149 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 hoth
sides of the target, with the brighter elements of the light image more
positive than darker areas.

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-
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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 clectron 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,
which do not need so many electrons to neutralize their charge. The
clectrons in the heam in excess of the amount required to neutralize the
charge on the spot being scanned 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. Bright elements of the picture 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 element. When the returning electrons
strike the disk, which is at a positive potential of about 300 volts with
respect to the target, they produce secondary emission. The disk serves
as the first stage of an electron multiplier, therefore, since the number of
secondary electrons emitted is greater than the number of incident elec-
trons. Succeeding stages of the electron multiplier are arranged sym-
metrically around and back of the first stage, and secondary electrons are
attracted to the dynodes at progressively higher positive potentials.
Five stages of multiplication are used. The amplified output current
from the final stage of the multiplier varies in magnitude with the picture
information in the televised scene and is the desired camera signal.

With a signal current of 10 ya from the highlights in the scene and a
20,000-ohm output load resistor, as typical values, the camera signal
output from the image orthicon is 200,000 gv, or 0.2 volt. This signal
output from the image orthicon is more than 100 times greater than the
iconoscope output, and is obtained with a much lower light level about
one-fiftieth of the illumination needed for the iconoscope.

The signal action in the image orthicon can be summarized briefly as
follows:
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1. Light from the televised scene is focused onto the photocathode,
where the light image produces an electron image corresponding to the
picture elements.

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

3. The secondary emission produces on the target a pattern of positive
charges corresponding to the picture elements in the
scene.

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

5. 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.

6. The returning signal current enters the electron |
multiplier, where the current is amplified. The |
amplified current flowing through the load resistor in
the multiplier’s anode circuit produces the camera
signal output voltage.

Sticking Picture. This is an image of the televised
scene, with reversed black-and-white values, which
tends to remain after the camera has been focused on
a stationary bright image for a considerable length
of time, especially if the image orthicon is operated
before sufficient warm-up. The sticking picture can
usually be erased, however, by operating the
camera awhile with a flat image such as a blank |
gray wall. Fic. 2-13. The vidi-

2-6. Vidicon. As illustrated in Figs. 2-13 and con camera tube.
2-14, the vidicon is a small camera tube of simple Itis Gl.éo in. long M}od

’ 1 in. wide, approxi-
construction, compared with the image orthicon. mately. (RCA.)
The resolution of the vidicon is less, though, and it re-
quires 100 to 200 ft-candles of incident illumination on the televised scene.
The structural arrangement is shown in Fig. 2-14.  The signal electrode
is a transparent conducting film on the inner surface of the glass faceplate
which has a photoconductive layer on the back side, toward the elec-
tron gun. Adjacent to the photoconductive layer is a fine-mesh screen,
indicated as grid 4, connected internally to the long focusing-electrode
grid 3. Grid 2 is the accelerating grid and grid 1 the control grid for the

r—
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electron gun, which provides the electron beam for scanning the photo-
conductive signal plate. The rectangular scanned area is 14 by 3¢ in.

The signal circuit for camera signal output from the vidicon is illus-
trated in Fig. 2-15. Each element of the photoconductive layer on the
signal plate is an insulator in the dark but becomes slightly conductive
with illumination. When light strikes the image side, therefore, the
opposite side becomes slightly more positive, rising toward the fixed
potential on the signal plate because of the lower resistance in the photo-
conductive layer. The more light on any part of the plate, the more
positive it becomes. As a result, the signal plate has a positive charge
pattern corresponding to the picture clements in the optical image. This

Horizontal and Focusing Alignment
vertical deflecting coil coil

coils _\ \
b __—Grid No. 2, 300v

/" _~Grid No. 1, 0 to-100v
/ {Cathode.Ov

“~Grid No. 3, 200-300v

Signal-electrode connection
Signal electrode and photoconductive layer, 10-125v

FiG. 2-14. Schematic arrangement of vidicon. (RCA.)

is scanned by the low-velocity electron beam from the electron gun.
Electrons in the beam striking the signal plate are deposited until its
surface potential is reduced to the cathode voltage. Excess electrons are
turned back but this return beam is not utilized in the vidicon. As elec-
trons are deposited on the photoconductive layer to neutralize its positive
charge, capacitive signal current flows through the load resistor in the
signal-plate circuit.  With a signal current of 0.1 wa for highlights in the
scene, across a 50,000-ohm load resistor, the camera signal output voltage
is 5,000 uv.

2-7. Camera-tube Applications. The iconoscope and vidicon are
generally used in film cameras because they provide good results with the
high light level supplied by film projectors. Better resolution can be
obtained with the iconoscope but the vidicon is more stable in operation,
has higher sensitivity, and requires simpler control equipment. 'The
flying-spot camera pickup can also be used for film. The image orthicon
has replaced the iconoscope for studio work because of the lower light
level required.  Also, the image orthicon is the camera tube used in field
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cameras, for operations outside the broadeast studio, such as the televis-
ing of sports and news events.  Any scene with enough illumination for
direet viewing cither outdoors or indoors can be televised satisfactorily
with the image orthicon camera because of its high sensitivity and ability
to operate over a wide range of light values. In addition, the optical
system used with the image orthicon is about the same size as for a 35-mm
motion-picture film camera, making it suitable for the portable field
cequipment.

I'mage Orthicon Types. Two models of the image orthicon are manu-
factured in order to obtain the operating characteristics desired for dif-
ferent applications. One type has very high sensitivity and can operate

Signal plate i Camera signal

R output
\'\ Photolayer
Load resistor
Ve
Electron
beam

Cathode of
electron gun

ST T

Fia. 2-15. Signal circuit for camera signal output from the vidicon.

satisfactorily over a wide range of illumination, for use in televising scenes
outside the studio, where the illumination may be very low or the light
level may vary considerably. The other image orthicon model, which is
designed for use in the studio where the artificial lighting can be con-
trolled, produces a picture of better quality at the expense of reduced
sensitivity. The main difference in construction is the closer target-to-
mesh spacing in the image orthicon for studio use.

Monoscope. Thisisa camera tube with a fixed image to provide camera
signal for test purposes. Operation of the monoscope is similar to the
iconoscope, but in place of the mosaic a test pattern is printed on the
image plate.

REVIEW QUESTIONS
. What are the two fundamental requirements of a eamera pickup?
Show the physical arrangement of a phototube, labeling anode and cathode.

Describe the secondary-emission effect.
. What is an electron multiplier?

> oo po
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6. Describe briefly the operation of a flying-spot camera pickup.
8. How is the light-storage principle utilized in the iconoscope?
7. Describe the signal circuit for obtaining camera signal output from the
iconoscope.
8. Why is a spurious shading signal produced in the iconoscope?
9. What are the three main sections of the image orthicon camera tube?
10. Describe briefly how the desired camera signal is obtained from the image
orthicon in televising a scene.
11. What are two factors that enable the image orthicon to have its high value of
sensitivity ?
12. Describe briefly how the desired camera signal corresponding to the optical
image is obtained from the vidicon.
13. What is the function of a monoscope?
14. Give the practical applications for two camera tubes.



CHAPTER 3

THE ELECTRON SCANNING BEAM

Production of the camera signal requires the use of a scanning beam so
that the information in all the individual picture elements is converted
into a useful electrie signal representing the complete picture. Similarly,
the screen of the picture tube in the television receiver is scanned to
reproduce the image. A narrow beam of electrons is used for scanning in
bhoth cases because the small mass of the electrons makes the electron
beam ideally suited for the rapid scanning motions that must be pro-

Control Accelerating Anode
grid grid
Heater: -:_ | L___1 __ _Electron beam___
Cathode/z

N 1
il
High-voltage supply
Fi:. 3-1. Elements in an electron gun.

duced. The more familiar cathode-ray tube used in the oscilloscope is a
common application of the electron beam and may be used as a compari-
son. Picture tubes used in the television system for reproducing the
image are almost identieal with the oscilloscope cathode-ray tube, while
the camera tube uses the eleetron-gun structure.

3-1. The Electron Gun. The electron gun, which is enclosed in a
vacuumed glass bulb, has the funection of producing a narrow beam of
high-velocity electrons. As illustrated in Fig. 3-1, the gun structure
includes a heated cathode to emit electrons, a control grid to control the

35
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flow of these electrons, and one or more additional electrodes that have a
positive potential with respect to the cathode in order to accelerate the
electrons away from the cathode. Instead of collecting the electrons,
however, the accelerating electrodes! form a narrow electron beam that
goes through to strike the scanned surface, which is the sereen in a picture
tube or the image plate in a camera tube. The electron gun is normally
mounted in the narrow part of the tube near the base.
Since the electrons emitted from the cathode must be concentrated into
a beam and pass through the grids, these have a cylindrical structure that
is different from conventional vacuum-tube elements. Referring to
Fig. 3-1, 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 recess in the center
to hold the oxide mixture that is heated to
produce thermionic emission of electrons
from the cathode. Directly after the
cathode is the control-grid eylinder. This
sleeve encloses the cathode and has a pin-
hole aperture in the center to allow the
electron beam to pass through. Figure 3-2
shows the construction of a typical control-
grid cylinder and its disk cover with an
aperture of approximately 0.040 in. diame-
ter. The control grid is maintained at a
F16. 3-2. Control-grid cylinder  negative potential with respect to the
2;2'"?:"1,":;;;‘?'8;‘”0 )(byl"‘"”" cathode, by means of a suitable bias voltage.
B The next element in the electron gun is an
aceelerating grid, which is also a cylinder with an aperture for the
electron beam. A d-c potential of positive polarity with respect to the
cathode is applied to the accelerating grid so that electrons can be
attracted from the cathode. More than one accclerating grid can be
used. The accelerating voltages become progressively greater and the
final accelerating electrode, which is the anode, is maintained at the
highest positive potential with respect to the cathode in order to accelerate
the electron flow from the cathode to the scanned surface. The construc-
tion of a typical electron gun is shown in Fig. 3-3. The metal elements
of the gun are generally made of nickel or a nickel alloy, mounted on
ceramic insulator supports along the length of the gun structure.
The anode is generally in the form of a conductive wall on the inside of
the wide flared part of the tube’s envelope, as indicated by the wider

1 The accelerating electrodes are sometimes called anodes because they have a
positive potential, but the IRE standard term is grid for an cleetrode having one or
more openings for the passage of electrons or ions, while an anode colleets electrons.
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diameter shown for the anode in Fig. 3-1.  Picture tubes with a glass
envelope have a black conduetive coating on the inside wall, as illustrated
in Fig. 3-7, covering the entire flared portion of the bulb almost up to the
screen and extending into the narrow neck. The coating is usually
colloidal graphite (commonly called Aquadag). For a picture tube hav-
ing a metal shell instead of glass for the flared part of the envelope, the
metal shell is the anode. The anode has the highest positive potential.
In an electron gun with several accelerating grids, one or two of these
eylindrical electrodes may be connected internally to the anode wall coat-
ing and have the same potential. A separate connector on the side of the
tube is generally used for the external anode connection. instead of con-
neeting to a pin on the tube base, when the

. . i . w 1]
high voltage is more than about 5 kv. In addi- i
tion to serving as the final accelerating electrode, , |
. 0 Co
the anode wall shields the electron heam from ! ‘I |

stray electrie fields.

Electrons emitted from the cathode of the ) o
clectron gun are formed into a beam because of (acﬁﬂf g3rid) I
the restricted path imposed by the apertures 1
and the acceleration produced by the positive Grid 2 ___- _
electrodes. The electll)'on beam h)z;s a eomplete (accel. g"UI il
circuit for current flow because of the secondary Grid 1.“ =
emission produced when the beam strikes the (control grid) 44
scanned surface. These secondary clectrons
are attracted to the positive anode, forming a
complete path for current flow from cathode
to the scanned surface, to the colleeting anode, |
and back to cathode through the power supply g '|.
that provides the anode voltage. The amount F1¢. 3-3. Construction of

. o an electron gun, (RCA.)
of beam current is very small, being in the order
of microamperes. The d-c potential applied to the anode is very
high, ranging from 9,000 to 80,000 volts for picture tubes in order to
obtain values of beam current of several hundred microamperes to pro-
duce a bright picture on the screen. For camera tubes, however, the
principal requirement of the electron gun is a very narrow, sharply
defined beam, and the required beam current of approximately 0.1 ua
can be obtained with anode voltages of about 1,000 volts or less.

3-2. First Electron Lens. The electrons emitted from the cathode tend
to form a diverging broad-angle stream because all have a negative charge
and repel each other. Consequently, special attention must be given to
the problem of forming the electron stream into a narrow beam. This is
analogous to focusing a beam of light by means of optical lenses. There-
fore, the term focusing is used for the action of obtaining a narrow electron
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beam, while a focusing system in the electron gun is called an electron lens.
Two electron lenses are generally used.

C'rossover Point. Figure 3-4 illustrates the operation of the control grid
as the first electron lens, concentrating the electrons into a converging
beam. The arrows indicate the electrostatic forez acting on electrons
leaving the cathode. Since the control grid is negative with respect to
the cathode, the electrostatic force is in a direction that tends to repel the
electrons back to the cathode, with the repelling foree in the direction of
the arrows on the electrostatic lines of force. The anode voltages provide
a forward accelerating foree, however, and the net result is to bend the
diverging electron paths toward the center line of the gun structure so
that the clectrons can travel through the grid aperzure. Electrons leav-
ing the cathode in the direction shown by the line KA, for example, are

repelled almast directly toward the

y Control grid center axis < the gun while they
are in the region of the cathode,
but the direztion of the repelling
foree changes gradually as the con-
trol grid is approached. As a re-
([ | sult, an electron emitted in the
Grid bias voltage direction K4 is made to follow a
Fia, 3-1. Action of the control grid as the path such as KDP.  Likewise, an
first eleetron lens. electron emitted in the direction
KB follows the curved path KFEP.

Both electron paths pass through the control-grid aperture at X and
cross at the point I’ just beyond the aperture. The same is true for
any electron if its path allows passage through the grid aperture, and all
useful electron paths converge at the focal point >. This is the crossover
point, serving as the point source of electrons for a narrow electron heam.

Intensity Control. The magnitude of the control-grid voltage deter-
mines the intensity of the electron beam and, therefore, the amount of
beam current that strikes the scanned surface. When the control-grid
voltage is made more negative with respect to the cathode, fewer electrons
from the cathode can follow paths that allow passage through the grid
aperture to form the beam. Also, the attracting force on the electrons
resulting from the accelerating anodes is decreased with a more negative
control grid and fewer electrons can leave the cathode area.  Adjustments
of the control-grid voltage in the camera tube are relatively simple, the
bias value being fixed for a value of beam current that produces the best
camers signal. For the picture tube, the grid bias voltage is varied to
adjust screen brightness, more negative voltage decreasing the illumina-
tion. The amount of negative grid voltage requized to reduce the beam
current to the point of visual cutoff, where no light is produced on the

C

Lines
of force —=
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screen, varies with the gun structure and anode voltage but is in the
order of 50 volts. In addition to the bias, signal variations in voltage are
impressed on the control grid of the picture tube to vary the heam inten-
sity according to the desired picture information for reproduction of
the image.

3-3. Electrostatic Focusing. Although the first electron lens con-
verges the electron stream to provide a point source of electrons for
a narrow beam, the electron paths diverge again after the crossover
point and an additional lens system is needed to focus the electron beam
at a point on the scanned surface. The first electron lens is fixed by the
cathode and control-grid construction of the tube, but the second lens
system is made variable to allow adjustment of the focus. Either of
two systems is possible for the second lens, one using an clectrostatie

focusing arrangement similar to Anode

the first electron lens and the Focusing grid

other employing a magnetic field AR

for focusing. — —
The second electron lensforfocus- £ B - S

ing the beam electrostatically can be m \

provided by the accelerating grid Fig. 3-5. Electrostatic field between ac-
and anode, as illustrated in Fig. 3-5.  celerating electrodes. This serves as
The focusing grid voltage is about the second electron lens for electrostatic
one-fifth the anode voltage but both focusing.
are positive with respect to the cathode in order to attract electrons from
the cathode. An electron in the field between the grid and the anode
tends to follow along the electrostatic lines of force shown, until it strikes
the more positive anode. However, the electrons in the field have a
strong forward acceleration because of the anode voltage. The resultant
clectrostatic field near the focusing grid provides a force in a direction
that moves the electrons toward the axis of the gun. As a result, the
electron beam converges going from the focusing field to the more posi-
tive potential of the next accelerating field.

As illustrated in Fig. 3-5, when an electron from the crossover point at
P> enters the focusing field in the direction shown by the line 1’4, the
lines of force the electron crosses force it toward the center line of the gun.
Likewise, an electron tending to travel in the direction PD is forced to
move toward the center. As the electrons approach the center, the lines
of force that are crossed have a direction almost parallel to the axis of the
gun, and the electrons are moved from their course by a smaller degree.
Therefore, the electrons will follow curved paths such as PAS or PDS
to be focused at point S bevond the grid. By varyving the amount of
voltage applied to the focusing grid, the electrostatic focusing field can be
varied to produce electron paths with the curvature required to image
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the crossover point onto the scanned surface. 'Therefore, focusing the
electron beam to obtain the smallest possible spot on the scanned surface
can be accomplished by providing an adjustable focusing grid voltage in
the electrostatic focusing method.

3-4. Magnetic Focusing. A magnetic field with lines of force parallel
to the electron heam can be used for magnetic focusing, serving as the
second electron lens to image the crossover point onto the scanned sur-
face. Either a permanent magnet or an electromagnet mounted exter-
nally around the neck of the tube produces the focusing field. Figure
3-6 illustrates the magnetic field within the tube p-oduced by direct cur-
rent flowing through an external focus coil. The coil winding is concen-
tric with the beam, cireling around the tube’s neck so that the magnetic
field perpendicular to the wire is parallel to the beam. The direction of
the magnetic field is the same as would be produced if the neck of the tube
were encireled by many bar magnets, each placed lengthwise to make the
field lines between north and south

Focus coil Scanned .
/  winding surfice poles parallcl to the beam axis.
Neck of tube~, ‘l@ ' The form of a typical focus coil and
T . . .
P ..ﬁ---"_ -Ex-_?_”i e —— its mounting on a picture tube are

B %@%\ — shown i Fig. 9-2.  The focus coil

\‘Magnetflplf(;)CUS|ng is generzlly wound on a soft iron
e

) ) . ring, concenzrating the magnetie
F1G. 3-6. Action of a short focusing coil. & B g

field and making it possible to pro-
duce the required ficld strength with less current. A steady direct current
of about 100 ma can be used to provide the required magnetic field.
Provision is made for moving the focus coil along the axis of the tube to
allow rough focusing, and the amount of current flowing through the coil is
adjusted by means of a variable resistance for fine focusing control.
Extended focus coils that cover the entire lengsh of the electron beam are
employed with camera tubes, but the short focus coil illustrated is used
for picture tubes.

Figure 3-6 shows that the magnetic lines of foree in the focusing field
are essentially straight and parallel to the clectran beam in the region
of the focus coil. Electrons in the beam traveling along the horizontal
axis from the crossover point of the first electron lcns have an associated
magnetic field with lines of force that are cirenlar around the beam axis
in a plane perpendicular to both the electron beam and the focusing field.
Because the magnetic field of the eleetron beam is at right angles to the
focusing field, these two fields do not react with each other since the
field strength is not changed with two perpendicular fields. These
electrons, as a result, can proceed along the center azis toward the seanned
surface, accelerated by the anode voltage. However, an eleetron that
travels along the line 4 from the crossover point /- is moving at an angle
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and has a component of motion perpendicular to the focusing field.
Therefore, a component of its associated magnetie field can be considered
in parallel with the field produced by the focus coil.  Where the lines of
foree in the two magnetic fields are in the same direction they aid to
produce a stronger field, while opposing lines of foree produce a weaker
field.  The reaction of the two ficlds produees a foree that moves the
clectrons toward the weaker field.  As a result, a foree is applied 10 those
clectrons that travel in such paths as 1 and P’ at an angle with respect
to the beam axis, moving the electrons toward the center axis of the
electron gun. Eleetrons in the outer edges of the diverging beam have
paths that make the largest angle with the horizontal axis and are subject
to a greater force toward the center than those electrons nearer the axis,
producing a converging clectron beam.

The motion of the electron resulting from the action of the magnetic
field must be perpendicular both to the direction of beam current and to
the focusing field. Therefore, the electrons follow a eircular spiral motion
toward the center axis as they are accelerated to the scanned surface by
the anode voltage. By adjusting the position of the focus coil and the
amount of focusing current, the electrons can be given a component of
motion toward the axis of the gun which persists after the focusing field
is passed, so that the electron heam converges to a point on the scanned
surface. The magnetic field of the focus coil can function as the second
electron lens, therefore, to produce an image of the crossover point on the
scanned surface.

The direction of the focus eoil current is immaterial because it is neces-
sary only that the lines of force in the focusing field be parallel to the
clectron beam. A reversed field produced with opposite polarity of coil
current merely reverses the direction of rotation in the spiral motion of
the electrons.

3-5. Electrostatic Deflection. With the electron beam formed and
focused by the electron gun, the next requirement is to provide means for
moving the beam in the horizontal and vertical directions. The scanning
procedure in television is a system for deflecting the electron beam hori-
zontally and vertieally in a standard sequence in the camera tube and
picture tube. Horizontal and vertical deflection proceed simultanesusly
but with different velocities. Either of two deflection methods can be
used, just as in the focusing arrangement. Electrostatic deflection can
be accomplished by means of deflecting plates mounted internally at
the neck of the tube just before it begins to flare out, while magnetic
deflection makes use of deflecting coils mounted externally on the neck
of the tube. This is shown in Fig. 3-7, which illustrates the electrostatic
and electromagnetic types of cathode-ray tube.

Deflecting Voltage. FElectrostatic deflection is accomplished by mount-
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ing parallel plates at the end of the electron gun in a position that allows
the electron beam to pass hetween them.  As illustrated in Fig. 3-8, two
pairs of deflection plates are used, with one pair mounted ahead of the
other. One pair of plates is mounted in a vertical plance left and right

Fluorescent screen
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Fic. 3-7. Cathode-ray tubes. Although not shown, electrostatic focus can be used
with magnetic deflection or vice versa. (a) Electrostatic cathode-ray tube; (b) elec-
tromagnetic cathode-ray tube.

of the electron beam to deflect the beam horizontally, and these are the
horizontal deflection plates. The other pair of plates is placed in a
horizontal plane to deflect the beam vertically; these are the vertical
deflection plates.
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When a positive potential is applied to a deflection plate the negatively
charged electrons in the beam are attracted toward the positive plate. If
one plate is made negative with respect to the other, the electron beam
will be repelled away from the negative plate. Therefore, a deflecting
voltage can be applied to the horizontal pair of deflection plates to produce
horizontal deflection of the electron beam, either to left or right. Deflect-
ing voltage can be applied to the vertical plates in a similar manner to
deflect the electron beam up or down toward the more positive plate.
As a result, deflection voltages can be applied to the horizontal and
vertical plates simultaneously to deflect the beam both horizontally and
vertically. While plate A in Fig. 3-8 is made more positive than B to
defleet the beam upward, as an example, plate (" can be made more posi-

Vertical deflection Horizontal deflection
plates plates

surface
FiG. 3-8. Electrostatic deflection.

tive than D for deflecting the beam to the left, moving the electron
beam to the upper left corner of the scanned surface in the illustration.

The deflection plates must be positive with respect to the cathode.
Their potential, therefore, is approximately equal to the second-anode
voltage so that the electrons can be accelerated toward the scanned
surface. In addition, the potential of one plate must vary with respect
to the other in order to deflect the electron beam. Establishing the
potential difference necessary between a pair of plates for deflection
requires a d-c deflection voltage for positioning the electron beam and a
varying deflection voltage to deflect the beam in a continuous motion.
The d-c positioning voltage for the deflection plates is taken from the high-
voltage supply for the tube and so applied that the potential of one plate
can be adjusted with respect to the other plate in order to provide a
steady deflecting force for centering the beam. Provision is made for
both vertical and horizontal centering. In addition to the d-¢ potential
for centering control, a varying voltage is applied to the deflection plates
so that the clectron beam can be deflected continuously to produce the
desired scanning pattern. An alternating voltage is applied to the hori-
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zontal deflection plates to produce the horizontal scanning lines and,
simultaneously, an alternating deflection voltage is coupled to the vertical
deflection plates to move the beam downward slowly as it traces out the
horizontal lines.

Deflection Factor. The amount that the electron beam is deflected
varies directly with the potential difference between the two parallel
plates and the distance to the scanned surface but is inversely propor-
tional to the anode potential. With higher anode voltage, therefore, a
greater deflection voltage is needed to produce a given displacement of
the beam. If the anode voltage is doubled, as an example, twice as much
deflection voltage will be required for the same amount of deflection.

The characteristies of the electrostatic deflection system are specified
by means of a deflection factor for the tube. This is given cither as the
amount of d-¢ deflection volts required to produce 1 in. of deflection with
the anode voltage equal to the maximum tube rating, or in d-¢ deflection

, volts per thousand volts of anode
A voltage E, required for a deflection
of 1 in. The deflection factor for
4in.  electrostatic tubes is 25 to 40 d-¢
volts per inch per kilovolt of .

Ve 0 0 A tube with a maximum anode
Point where voltage of 5,000 volts may have
deflection begins a deflection-factor rating of 30

Fia. 3-9. The amount of deflection in- (.o volts per inch per kilovolt
creages with the distance to the scanned g - .
surface. of ks, or 150 volts per inch. In
either case, a potential difference
of 150 volts between a pair of deflection plates deflects the electron beam
1 in. on the screen when the anode potential is 5,000 volts. The scanning
voltage applied to the plates in this tube must have a value of 600 volts
peak to peak to deflect the beam a total of 4 in., with a displacement of 2
in. from both sides of center.

The deflection factors for both pairs of plates are not exactly the same
because the amount that the electron beam is displaced on the scanned
surfaces varics with the distance to the point where deflection begins.
In Fig. 3-9 the beam is deflected vertically from the axis VOO’ through
the deflection angle 6 from the point 1. When the scanned surface is
separated from point 17 by the distance 10 the vertical displacement on
the scanned surface is equal to A0 or 2in.  However, if the distance V'O
is doubled the amount of deflection of the scanned surface 4’0’ will also
be doubled to equal 4 in., although the electron beam has the same deflec-
tion angle. A larger deflection voltage is needed, therefore, for the
deflection plates nearer the screen to produce the same displacement of
the electron beam on the scanned surface. The deflection plates are
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usually flared out in order to avoid obstructing the deflected electron
beam,

3-6. Magnetic Deflection. Magnetic deflection of the electron heam
can be used instead of electrostatic deflection. A magnetic deflecting
field is established in the tube just past the clectron gun to react with the
magnetic field associated with the electron-beam current, producing a
force that deflects the electrons at right angles to both the beam-current
axis and the deflection field. The deflection field is produced by a pair
of clectromagnets placed around the neck of the tube. As illustrated in

——— H—
Horizontal
deflecting
coil
V+ V-
> Q
Electron
beam ""‘\
~_ >\ <
- [ 11
<\ I 1 -
s : X . ™
Vertical [~ Vertical
deflecting s Y deflecting
coil coil
Neck of tube \Magnetic field of
Horizontal electron beam
deflecting
coil
—>H+

Fi6. 3-10. Two pairs of coils around the neck of the cathode-ray tube for horizontal
and vertical electromagnetic deflection.  The electron heam will be deflected upward
and to the left for the directions of current shown.

Fig. 3-10, two pairs of deflection coils are used. The two coils of one set
arc placed above and below the beam axis and are connected in series
with each other to deflect the beam in the horizontal direction, serving
as the horizontal deflection coils. The coils of the other pair are mounted
left and right of the beam to deflect the beam vertically; these are the
vertical deflection coils.

Muotor Action on a Conductor in a Magnetic Field. Since the electron
beam consists of electrons in motion it is equivalent to an electron current.
The effect of the magnetic deflecting field on the electrons can be seen
by reviewing the motor action on a wire carrying current in a magnetic
field. Consider the conductor AB in Fig. 3-11a carrying current in a
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uniform magnetice field of intensity I with lines of foree perpendicular
to AB. The eurrent has its own associated magnetie field which reacts
with the external field to produce a resultant force tending to move the
conductor in a direction perpendicular to both the field H and the con-
ductor. There are three factors to keep in mind regarding the resultant
force on the conductor and its direction:

1. 'The direction of the external magnetic field H must be noted.

2. The direction of the conductor must be perpendicular to field H so
the lines of foree in the two fields will be parallel.  The electromagnetic
field associated with the current in the conductor has lines of foree that
are at right angles to the conduetor and in a clockwise direction for the
direction of current shown in the figure, in accordance with the left-hand

AﬁConductor
_ A < PN
_Magnetic AL _Magnetic___[ /74 4
—field H A ~field H__IX§¢/)
4 Direction—] \

Conductor moves 'A of motion Y “Conductor
in this direction perpendicular
toward weaker field (a) (b) to the page

Fia. 3-11. Direction of the foree on a wire earrying current in a magnetic field at right
angles to the conductor,

rule. This rule states that when the conductor is grasped in the left
hand with the thumb pointing in the dircetion of electron flow through the
conductor the fingers curve in the direetion of the associated magnetic
field.

3. The force on the conductor results from the fact that some of the
lines of force in its electromagnetic field are in the same direction as the
external field to increase the field strength in some parts of the field, while
other lines of force are oppositely directed to reduce the field strength.
As a result, there is a force on the conductor directed from the stronger
to the weaker field, producing motion in a direction perpendicular to both
the conductor and the field.

In Fig. 3-11a the electron flow in the conductor is from A to B. Using
the left-hand rule, the associated electromagnetic field is in a plane per-
pendicular to the page and in the clockwise direction. Lines of force in
both magnetic fields are opposing in the direction out of the page toward
the reader and aiding on the opposite side of the conductor. Therefore,
the resultant force tends to move the conductor AB out of the page
toward the weaker field. In Fig. 3-11b the conductor is perpendicular to
the page with electron flow out of the paper. Above the conductor in the
figure the lines of force are in the same direction and are aiding to produce
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a stronger field.  Below the conductor the lines of force are opposing and
the resultant force on the conductor is directed downward.,

The deflecting action and the direction in which the beam is deflected
by the scanning coils in Fig. 3-10 can be seen by noting the direction of
the magnetic lines of force in the deflection fields and the field associated
with the beam current, remembering that the reaction of two parallel
ficlds always exerts a force toward the weaker field. Consider the hori-
zontal deflection coils first. The windings are in a horizontal plane
above and below the beam axis. Using the left-hand rule, the thumb
pointing in the direction of the field inside a coil when the fingers curve
in the direction of the electron flow around the coil, the deflection field
for the horizontal windings is in a vertical plane and downward for the
directions shown in Fig. 3-10.  When the direction of the electron beam is
out of the paper, as signified by the
cross in the center of the tube, its —-7——-

l.-Scanned

magnetic field has lines of force Shrface

clockwise around the beam in a
plane perpendicular to the beam /
axis. To the right of the beam g
axis, the magnetic field of the elec- a!‘f’ﬁ.!ﬁﬁgﬁlus
tron beam is in the same direction Electron | s ol
as the deflecting field, while the beam :;:rn:g:igzos:‘gtgla
fields are opposing on theleft.  The deflecting coils
clectron beam. therefore, is de-
flected to the left, as the resultant
force:. moves the beam toward
the weaker field. In a similar manner, the vertical deflection coils
deflect the electron beam upward. Deflecting current for both sets of
coils can be provided simultaneously, deflecting the beam to the upper left
corner of the scanned surface.

Deflection Current. 1In order to obtain the desired deflection fields an
alternating deflection current is passed through the scanning coils to
produce the continuous deflecting motion required. Direct current for
centering control can be obtained by means of a low-voltage tap on the
d-c power supply, with provision for both vertical and horizontal position-
ing. In addition to the direct current, an alternating current through
the horizontal deflection coils deflects the electron scanning beam to pro-
duce the horizontal scanning lines and, simultaneously, vertical deflection
current moves the beam downward slowly as it traces out the horizontal
lines, thus producing the desired scanning pattern. This is illustrated in
Fig. 3-12.

The amount of beam deflection is directly proportional to the magni-
tude of deflection current and the distance to the scanned surface. How-

Scanning signal

Electron gun

Fis. 3-12. Action of the deflection coils
on the electron scanning beam,
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ever, the deflection is inversely proportional to the square root of the
anode voltage in magnetic deflection. Therefore, it is easier to provide
large amounts of deflection with high values of anode voltage in a mag-
netic tube, compared to the electrostatic method where the deflection is
inversely proportional to the anode voltage itself. If in magnetic deflec-
tion the anode voltage is quadrupled, the amount of deflection current
need be only twice as great for the same deflection. This is an important
factor when high values of anode voltage are used, and magnetic deflec-
tion is generally employed for picture tubes with an anode voltage of
about 10 kv or more.

Deflection Yoke. The two pairs of deflection coils are placed in one
form called a deflection yoke, which is slipped over the narrow end of the

Deflection coils
(on iron core)

Tube
envelope

Fia. 3-13. Construction of a deflection yoke.

tube and clamped at a point beyond the electron gun just before the glass
envelope flares out. A complete deflection yoke and the manner in
which the yoke is mounted on a picture tube can be seen in Fig. 9-2,
while Fig. 3-13 illustrates the construction of the yoke. The physical
form for each of the deflecting coils is generally a flat rectangular winding,
which is then curved to fit the yoke form. The entire yoke is in a housing
that allows the magnetic field to penetrate the tube.

The amount of deflection current needed for full deflection depends
upon the inductance of the yoke coils and the anode voltage. Ina typical
yoke for a picture tube using 12,000 volts on the anode, the vertical
deflection coils have a total inductance of approximately 40 mh and
require 300 ma peak-to-peak deflection current, while the horizontal
deflection coils have a total inductance of approximately 13 mh and
require about 1,000 ma peak-to-peak deflection current. The horizontal
and vertical scanning coils in the yoke are not interchangeable because
they have different values of inductance. Although the two sets of coils
are essentially perpendicular their impedances must be different to
minimize crosstalk interference, which is produced when the signal from
one set of coils is coupled into the other.
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REVIEW QUESTIONS

1. Show the electron-gun structure for a cathode-ray tube using electrostatic
focusing and magnetic deflection, labeling all the elements in the tube.

2. What is the function of the eontrol grid in the electron gun?

3. What is meant by the crossover point in the electron gun?

4. Give one advantage of magnetic deflection over electrostatic deflection.

6. What is the effect on the amount of deflection produced when the second-anode
voltage is decreased and all other factors remain the same?

6. If the distance from the point of deflection to the screen is douhled in a picture
tube, with all other factors remaining the same, what will be the effect on the size of
the scanning pattern?

7. What is the effect on the direction of deflection when the deflecting coil current
is reversed?

8. How is the focus of the electron beam varied in magnetic focusing and electro-
static focusing?

9. How is the electron beam moved vertically and horizontally in a cathode-ray
tube using magnetic deflection? Electrostatic deflection?

10. What is the function of the deflection yoke?




CHAPTER 4

SCANNING AND SYNCHRONIZING

The electron scanning beam is continuously deflected in a standard
pattern to scan all the picture elements in the image. This must be the
same at the transmitter and receiver in order to reproduce the picture
elements in their correct position. The standard scanning pattern for
both the camera tube and picture tube is based upon the use of saw-tooth
deflecting signals for linear scanning, with synchronization of the scan-
ning motions provided by the transmitted synchronizing signals.

4-1. The Saw-tooth Scanning Waveform. In linear scanning, the
deflecting force provided by the deflection plates or coils must increase
linearly with time to produce a uni-
form scanning motion during the
trace period. When the end of the
trace is reached, the deflecting force
must then reverse itself and fall
rapidly to its initial value to begin
another cycle. Since the deflecting
F1G. 4-1. The saw-tooth scanning wave- force .is directly prop9rtional e t}}e
form. During trace time, the linear rise magnitude of deflection voltage in
in amplitude provides equal increments the electrostatic method or directly
g{. ;ri:rl]?ge or current for equal intervals .., tional to the deflecting cur-

rent in magnetic deflection, the de-
flection signal required to produce the desired linear scanning pattern has
the saw-tooth wave shape shown in Fig. 4-1. In electrostatic deflection a
saw-tooth voltage is applied to the deflection plates to produce the desired
linear sweep of the electron beam. In electromagnetic deflection the
current through the deflecting coils must have the saw-tooth wave shape
because deflection of the beam is produced by the electromagnetic field
associated with the deflecting current.

Consider the saw-tooth wave shape of Fig. 4-1 as the scanning voltage
for electrostatic deflection with a peak value of 400 volts. If the electro-
static tube requires a deflection voltage of 100 volts to produce a deflection
of 1 in. on the scanned surface, then the beam will be deflected 4 in. by
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100 volts.  The linear rise on the saw-tooth voltage wave provides equal
increments of 100 volts for the four equal intervals of time shown, deflect-
ing the beam one additional inch for each increase of 100 volts. For
horizontal scanning the uniform voltage rise thus provides a deflecting
force that increases continuously during the trace time to produce a
constant-velocity sweep of the electron beam from left to right across
the scanned surface. At the peak of the voltage rise the saw-tooth volt-
age wave reverses direction and decreases rapidly to its initial value, to
produce the rapid retrace or fiyback. No picture information is scanned
during the retrace, and the flyback time is made as short as possible
to produce a rapid retrace to the left for the start of another horizontal
line.

Saw-tooth deflection signal can be provided for the vertical seanning
motion in a similar manner.  As the clectron beam is deflected hori-
zontally the vertical saw-tooth sweep signal moves the beam downward
with uniform speed to scan all the horizontal lines from top to bottom of
the frame.  Then the rapid retrace on the vertical saw-tooth deflection
signal returns the electron scanning beam to the top of the frame for the
beginning of the next vertical scanning cycle.

Both the trace period and the flyback time are included in one complete
cycle of the saw-tooth wave. Since the number of horizontal lines per
frame is 525 and the number of frames per second is 30, the frequency of
the saw-tooth deflection signal required for horizontal scanning is 525 X
30, or 15,750, cps. The frequency of the vertical saw-tooth scanning
signal is 60 cps because each frame is scanned twice from top to bottom
during one frame period in an interlaced scanning pattern and the frame
frequency is 30 cps. The vertical scanning motion is relatively slow,
compared to the horizontal sweep, because many horizontal lines must bhe
scanned during one cycle of vertical scanning, and even the vertical
flyback time is long enough to include several horizontal lines. Although
illustrated for electrostatic deflection, the saw-tooth wave shape require-
ments are the same for the saw-tooth scanning current in magnetic
deflection.

The method of obtaining the required saw-tooth current or voltage
wave shape makes use of the linear rise in current through an inductance
or the linear rise in voltage across a condenser when charging veltage is
applied. Various types of saw-tooth generator circuits for producing the
required deflection signal are possible, but all are fundamentally the same
in that provision is made for a relatively long charging time to produce
the linear rise on the saw-tooth wave and a short discharge time for the
flyback. Flyback or retrace time on the saw-tooth wave for horizontal
deflection is approximately 10 per cent of the total line pericd. Practical
limitations make it difficult to obtain a more rapid flyback. The lower
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frequency vertical saw-tooth wave usually has a flyback time that is less
than 5 per cent of the complete cycle.

4-2. Standard Scanning Pattern. ‘The scanning procedure that has
been universally adopted employs horizontal linear scanning in an odd-
line interlaced pattern. The FCC scanning specifications for television
broadcasting in the United States provide a standard scanning pattern
that includes a total of 525 horizontal scanning lines in a rectangular
frame having a 4:3 aspect ratio. The frames are repeated at a rate of
30 per second with two fields interlaced in each frame.

Interlacing Procedure. Interlaced scanning can be compared to reading
a written page where the information on the page is continuous when
reading all the odd lines from top to bottom and then going back to the

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 cach picture frame. All

whole frame without losing any picture information.

Fic. 4-2. The interlacing of lines. Read all the odd lines first from top to bottom,
then the even lines.

top of the page to read all the even lines down to the bottom of the
page. This is illustrated in Fig. 4-2. If a page were written and read in
this interlaced pattern the same amount of information would be avail-
able as though it were written in the usual way with all the lines in pro-
gressive order. For interlaced scanning, then, all the odd lines from top
to bottom of the frame are scanned first, skipping over the even lines.
After this vertical scanning run and a rapid vertical retrace to bring the
electron scanning beam back to the top of the frame, all the even lines
which were omitted in the previous scanning run are then scanned from
top to bottom. Thus each frame is divided into two fields, the first and
all odd fields containing the odd lines in the frame, while the second and
all even fields include the even scanning lines. With two fields per frame
and 30 complete frames scanned per second the field repetition rate is
60 per second and the vertical scanning frequency is 60 cps.

Odd-line Interlacing. The geometry of the standard odd-line interlaced
scanning pattern is illustrated in Fig. 4-3. The electron scanning beam
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starts at the upper left corner of the frame at point A in the figure and
sweeps across the frame with uniform velocity to cover all the picture
elements in one horizontal line. At the end of this trace the beam is then
rapidly returned to the left side of the frame, as shown by the dashed line
in the illustration, to begin the next horizontal line. The horizontal lines
slope downward in the direction of scanning because the vertical deflecting
signal simultaneously produces a vertical scanning motion, which is very
slow compared with the horizontal scanning speed. The slope of the
horizontal line trace from left to right is greater than during the retrace
from right to left because of the shorter time of the retrace, which does
not allow the beam as much time to be deflected vertically. The beam
is continuously and slowly deflected downward as it scans the horizontal
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Frame (525 lines)
Frc. 4-3. The odd-line interlaced scanning procedure.

lines and its position is successively lower and lower as the horizontal
scanning proceeds.

After the first complete horizontal line, which includes the trace and
retrace, has been scanned, the electron beam is at the left side of the
frame and the third line can then be scanned, omitting the second line.
This is accomplished by doubling the vertical scanning frequeney from
the frame repetition rate of 30 to the field frequeney of 60 cps. Deflecting
the beam vertically at twice the speed necessary to scan 525 lines produces
a complete vertical scanning period for only 26214 lines, with alternate
lines left blank. Thus the electron beam scans all the odd lines, finally
reaching a position such as B in the figure at the bottom of the frame.

At this time the vertical retrace begins because of the flyback on the
vertical saw-tooth deflecting signal, and the beam is brought back to the
top of the frame to begin the second, or even, field. The vertical flyback
time is very fast compared to the trace but is slow compared to the hori-
zontal scanning speed, and therefore some horizontal lines are produced
during the vertical flyback. As shown in the figure, the beam moves
from point B up to C, traversing a whole number of horizontal lines.
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These lines are all inactive, though, because the beam is cut off by
blanking voltage during the vertical flyback time.

Horizontal scanning during the second field begins with the beam at
point € in the middle of a horizontal line because the first field contains
262 lines plus one-half a line, including active and inactive lines. After
scanning a half line in the second field the electron beam then proceeds
to scan all the even lines in the pattern lying between the odd lines and
omitted during the scanning of the first field. The vertical scanning
motion is exactly the same as in the previous field, giving all the hori-
zontal lines the same slope downward in the direction of scanning, and
all the even lines in the pattern are scanned down to point D. The
vertical retrace begins at point D) and after traversing a whole number of
inactive lines the beam is brought back to A for the beginning of the
third field.

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 A with a separation of one-half
line, and the slope of all the lines is the same, the even lines in the even
ficlds 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.

A Sample Scanning Pattern. A complete scanning pattern is shown in
Fig. 4-4 with the required horizontal and vertical scanning signals to
illustrate odd-line interlacing. A total of 21 lines is used for simplicity,
instead of 525, and a convenient vertical retrace time is assumed to pro-
vide two inactive lines for the frame. The 21 lines are interlaced to
produce two fields per frame with one-half the 21-line total, or 1014 lines,
included in each field. Of the 1014 lines in each field one is inactive,
occurring during the vertical retrace, which leaves 914 active lines per
field and 19 for the entire frame.

Starting in the upper left corner at A the beam scans the first line from
left to right, retraces to the left for the beginning of the third line in
the frame, and then scans the third and succeeding odd lines down to the
bottom of the frame. The active horizontal lines slope downward to the
right in the direction of scanning because of the vertical saw-tooth deflect-
ing signal. After scanning 914 active lines the beam is at point 5 at the
bottom of the frame when the vertical flyback begins. One inactive
horizontal line is scanned during the vertical retrace, consisting of two
half lines in this illustration, sloping upward in the direction of scanning.
During this vertical retrace the scanning beam is brought up to point C,
separated from point 4 by exactly onc-half line, to start scanning the
second field. Because of this half-line separation between points 4 and
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C the lines scanned in the even field fall exactly between the odd lines in
the previous field. The beam then scans 913 even lines from point ('
down to ) where the vertical retrace begins for the even field. The
number of inactive lines in even fields is the same as for odd fields beeause

0dd field ,
Even field

Legend: -

= — —— Horizontal retraces

0dd field o< Even field——]
100340 54 7f 94114 13¢ 154 17§ A9, 24 4§ 6] 8] 10] 12] 14] 16] 18]
Deflecting 8
sig{lal
amplitude c R
le—— Active —+d Time —»
scanning time Vertical

retrace time
Fig. 4-4. A sample scanning pattern for 21 interlaced lines, with the required saw-
tooth deflecting signals. Beginning at point A4 the seanning motion is continuous
through B,C,D, and back to A again.

the flyback time on the vertical saw-tooth signal is the same. Therefore,
the one inactive line in the second field can return the beam from 1) at
the bottom to point 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
active downward scan begin need not be as shown in Fig. 4-4. These
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points could all be shifted by any fraction of a horizontal line without loss
of interlace if the half-line difference were maintained. The half-line
spacing between the starting points in alternate fields is automatically
produced in the saw-tooth 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 saw-tooth scanning sighals are maintained
precisely and the flyback time on the vertical saw-tooth wave is constant
for all ficlds.

With 525 lines in the scanning pattern, there must be exactly 26215
cycles of horizontal saw-tooth defleeting signal for a complete vertical
saw-tooth wave to make a total of 525 lines for two fields or one frame,

Fic. 4-5. The scanning raster on the kinescope screen.

including active and inactive lines. Since the frame repetition rate is 30
per second, the required vertical scanning frequency is 60 cps, and the
horizontal frequency must be exactly 26214 X 60, or 525 X 30, which is
equal to 15,750 cps.

The Scanning Raster. As the electron beam scans the screen of the
picture tube it produces a rectangular area of light that is called the
scanning raster. Figure 4-5 shows the raster on the kinescope screen,
without any picture information. When video signal voltage is coupled
to the kinescope control grid, the picture is reproduced on the raster.

4-3. Flicker in the Picture. Interlaced scanning is used because the
flicker effect is negligible with 60 views of the picture presented each
second. Although the frame repetition rate is still 30 per second, the
picture is blanked out during each vertical retrace and the change from
black between pictures to the white picture occurs at the rate of 60 per
second, which is too rapid to be noticeable. If progressive scanning were
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used instead of interlacing, with all the lines in the frame simply scanned
in progressive order from top to bottom, there would be only 30 blankouts
per second and objectionable flicker would result. Scanning 60 complete
frames per second in a progressive pattern would also eliminate flicker
in the picture but the horizontal scanning speed would be doubled, intro-
ducing additional problems more difficult to overcome than those of
interlaced scanning.

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 movement of the scanning lines upward or downward through
the picture, due to the successive illumination of adjacent lines. These
effects are more noticeable in bright parts of the picture because the eye
perceives flicker more easily at high brightness levels. Usually, the
flicker in small areas of the picture is not evident except on close inspec-
tion, but with particular types of picture content the flicker may be
noticeable at normal viewing distances.

Frame and Field Frequencies. The frame and field repetition rates are
chosen at exactly 30 and 60 because 60 cps is the normal base frequency
for most a-c power in the United States. Ripple voltages or currents
from the power line always enter the television circuits through the B
supply and by stray electric and magnetic fields. The ripple voltage
may affect picture reproduction in terms of horizontal or vertical deflec-
tion, and the brightness produced by the electron scanning beam. When
the ripple variations are synchronous with the scanning frequencies the
effect of ripple at the 60-cps fundamental of the power-line frequency orat
the second harmonic at 120 ¢ps is much less noticeable in the picture than
with some other value, such as 24 and 48 for the frame and field repetition
rates. The reason is that the effect of the 60- or 120-cps interference in
the reproduced picture stays still when the ripple frequency is syn-
chronous with the field-scanning frequency. Therefore, the standard
frame and field frequencies are 30 and 60 per second in order to eliminate
flicker, to allow a smooth reproduction of any motion in the televised scene,
and to minimize the effect of interfering power-line ripple on the picture.

4-4, Scanning Distortions. In the formation, focusing, and deflection
of the electron beam, the following distortions can be introduced in the
scanning pattern.
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Defocusing at the Edges of the Scanning Pattern. When the electron
beam is deflected by either electrostatic or magnetic means the deflection
of the beam may interfere with the focusing action of the gun, producing
poor focus at the edges of the scanning pattern and the reproduced pic-
ture. Generally, the greater the deflection of the beam from the center
axis, the more defocusing at the edges. This defocusing may be caused
by several factors. If the distance from the point of deflection to the
scanned surface is not always the same as the beam scans different parts
of the frame, the beam will have to travel varying distances from the
electron lens and the sharpness of focus will vary over the scanning
pattern. Another reason for defocusing is slight variations in the speed
of the electrons in the beam, because of variations in velocity as they
leave the cathode. As a result, there may be small differences in the
amount of deflection for the electrons in the beam and the scanning spot
spreads out into an ellipse, instead of being a small, fine circle. Finally,
it is essential that the deflection field be uniform and symmetrical about
the beam axis. In the magnetic-deflection system the coil arrangement
is inherently balanced for providing a uniform deflection field. With
electrostatic deflection, however, the problem of obtaining a uniform
deflection field is complicated by the fact that the deflection plates must
be connected directly or indirectly to the second anode so that they can
be at approximately the same potential. [t is necessary to use a balanced
push-pull eircuit arrangement for the deflection plates in order to produce
a suitable scanning pattern. In addition to poor focus, the scanning
pattern will show trapezoidal or keystone distortion if unbalanced elec-
trostatic deflection is used instead of the push-pull circuit.

Keystone or Trapezoidal Distortion. A trapezoidal distortion of the
scanning pattern that gives it the appearance of a keystone is generally
called the keystone effect. This is illustrated in Fig. 4-6. As an example
of this type of distortion, keystoning occurs in the iconoscope type of
camera tube because the electron gun is inclined at an angle of about 30°
with respect to the flat mosaic plate. If the horizontal deflecting signal
amplitude is constant for all lines in the pattern the distance scanned at
the top will be greater than at the bottom because of the greater distance
from the electron gun to the image plate. The lower part of the mosaic
plate is nearer to the gun, and the horizontal lines at the bottom will not
be wide enough, producing the trapezoidal distortion shown instead of the
required rectangular scanning pattern. This trapezoidal distortion, or
keystoning, can be corrected by using a greater amplitude of horizontal
deflection signal at the base of the pattern than at the top, thus com-
pensating electrically for the geometrical distortion.  Besides this key-
stone effect in the iconoscope camera tube, trapezoidal distortion can also
be introduced by unbalanced deflection fields for the vertical and hori-
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zontal scanning, causing keystoning at the too and bottom o at the
sides of the seanning pattern.

Curved Edges on the Scanning Patlern.  "T'wo other ways in wrich the
rectangular shape of the scanning pattern can be distorted are shown in
Fig. 4-7. In a the reduced wilth of the scanning lines towa=d the bottom
of the pattern is produced because the scanning voltage or currmt does
not have enough amplitude to deflect the beam the full width of the scan-

—_———
—_—

(a) )
Fia. 4-6. IF1a. 4-7
Fia. 4-6. Keystone or trapezoidal slistortion of the scanning pattern,
I'16. 4-7. Curved edges on the scenning pattern. (a) Sine-wave variatione in hori-
zontal scanning amplitude; (b) sine-wave displacement of the horizortal lin_s.

ning pattern. At the top, the scanning voltage or current has s greater
amplitude and produces execssive horizontal dzflection. Such aonuni-
form width of the horizontal scanning lines results from varyin: ampli-
tudes in the horizontal scanning signal. In b the width of each ho-izontal
line is the same but a super.m.posed ripple on the horizontal s:anning
voltage or current produces a regular displacement of the hcrizon:al lines.
These effects are caused by 6)-2ps hum voltage in the horizonta. deflec-
tion circuits.

Nonlinear Scanning. In the linear method of scanning emp.oyed at
the transmitter and receiver, the velocity of the scanning spot must be
uniform as it moves horizontally to form each line as it is d2flected verti-

S W) Mormal scanning line
B OO WCRED Morlinear scanning

(a) (b)
Fia. 4-8. Iffects of nonlinear scaniing. (@) Crowding and spreading of pi ture ele-

ments in a horizontal line, caused by nonlinear horizontal scanning; (v) crow ling and
spreading of the horizontal lines eaused by nonlincar vertical scanning.

cally to scan all the lines. If the receiver scanning spot moves tco slowly
along a horizontal line, comyared with the transmitter scanning speed,
the picture elements in the received image will be crowied together.
Conversely, if the receiver scaaning motion is toc fast the picture e ements
will be spread out. Usually, the effect is such that spreading of the pic-
ture elements occurs at one sice of the scanning pattern while the ~pposite
side is erowded. This is illussrated in Fig. 4-8a for a horizcntal Eme with
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picture elements spread out at the left and crowded at the right. When
the same cffeet occeurs for all the horizontal lines in the pattern, the
entire picture is distorted; picture information is spread out at the left
and crowded together at the right side of the picture. The vertical
scanning motion must also be uniform or the horizontal hnes will be
bunched at the top or bottom of the pattern and spread apart at the
opposite side. This is illustrated in Fig. 4-8) for spreading at the top and
crowding at the bottom.

Poor Interlacing. 'The vertical scanning trace for each field must start
exactly half a line from the beginning of the previous field in the odd-line

Fia. 4-9. Faulty interlacing. Note how the line divisions in the horizontal wedges
appear to be interwoven, in a moire effect. (Philco Corporation.)

interlaced scanning pattern employed. When the downward motion is
displaced from the correet position by a small fraction of the line-scanning
period, the spot starts scanning too close to one of the lines in the previous
field instead of scanning exactly between lines. This produces a vertical
displacement between the odd and even lines that is carried through the
entire frame. The result is that the lines in odd and even fields overlap
and to some extent leave blank spaces hetween lines, instead of sharing
the scanned area equally. This defect in the interlaced scanning is
called pairing of the lines. The faulty interlacing reduces the amount of
picture details in the vertical direction, since there is a smaller number of
effective scanning lines. In an extreme case the lines in each successive
field may fall exactly on the lines in the previous field and the effective
scanning pattern contains only one-half the usual number of horizontal
lines. When there is a group of horizontal lines that slant downward in
the image, the lines are interwoven in the moire effect shown in Fig. 4-9
because the even and odd fields are not exactly interlaced. The inter-
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woven, or moire, effect in diagonal lines is also called fishtailing. This is
a typical effect that can be used to check for faulty interlacing. Another
way of checking the interlace is to observe the spacing between hori-
zontal lines scanned during vertical retrace time. If the retrace lines are
paired, instead of being evenly distributed from top to bottom of the
raster, then the interlacing of even and odd scanning lines must be poor.
The lines scanned during vertical trace time are also paired when inter-
lace is faulty, so that more dark space is produced between successive
pairs of scanning lines. Poor interlacing is caused by inaccurate vertical
synchronization.

4-5. The Synchronizing Pulses. The nced for exact synchronism in the
scanning at the transmitter and receiver requires synchronizing signals to
keep the receiver locked in with the transmitter scanning, and to maintain

6 Serrated 6
H equalizing vertical equalizing H
pulses pulses pulse pulses pulses
’ A, P AL A /%

Amplitude

Time ——

Fii. 4-10. The synchronizing pulses.

correct timing of the vertical and horizontal scanning motions. A hori-
zontal synchronizing pulse is transmitted for each horizontal line to keep
the horizontal scanning synchronized, and a vertical synchronizing pulse
is transmitted for each field to synchronize the vertical scanning motion.
Therefore, the horizontal synchronizing pulses have a frequeney of 15,750
eps, and the frequency of the vertical synchronizing pulses is 60 cps. The
synchronizing pulses are transmitted as part of the picture signal but are
sent during the blanking period when no picture information is trans-
mitted. This is possible because the synchronizing pulse begins the
retrace, either horizontal or vertical, and consequently occurs during
retrace time. The synchronizing signals are combined with the picture
signal in such a way that part of the modulated picture signal amplitude
is devoted to the synchronizing pulses and the remainder to the camera
signal. The term sync is often used for brevity to indicate the synchroniz-
ing pulses.

The form of the synchronizing pulses is illustrated in Fig. 4-10.  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
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pulse, and six additional equalizing pulses which are followed by three
more horizontal pulses. There are many additional horizontal pulses
after the last one shown, following each other at the horizontal line fre-
quency until the equalizing pulses occur again for the beginning of the
next field. For every field there must be one prolonged vertical pulse,
which is actually composed of six individual pulses separated by the five
serrations. The horizontal pulses are repeated at the horizontal line
intervals and synchronize each horizontal line, while the vertical pulses
occur at the field frequency of 60 eps to synchronize each field.

Fach 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 dif-
ferent form from the horizontal pulses so that they can be completely sep-
arated from each other, 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 in order to
divide the prolonged vertical pulse into six smaller intervals, each of which
can serve for horizontal synchronization, thus preserving the continuity
of horizontal synchronization through the vertical synchronizing time.
The reason for doing this is that horizontal synchronization must be
maintained at all times, including the vertical retrace time when no pic-
ture information is scanned. If the horizontal synchronizing action is
lost during the vertical retrace the interlacing will suffer, and synchroniza-
tion may not be reestablished in time for the start of the active horizontal
seanning.

The equalizing pulses are also spaced at half-line intervals so that every
other one 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. They are inserted to
equalize the difference in the vertical synchronizing signals for alternate
fields. 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 repe-
tition rate is twice 15,750, or 31,500 ¢ps. Thus, the horizontal pulse fre-
quency is one-half the equalizing pulse rate and the vertical pulse frequency
is Y895 of the equalizing pulse frequency. These are exact submultiples
of the equalizing pulse frequency and can be obtained, therefore, by fre-
quency division of the equalizing pulses.  In this way, all the synchroniz-
ing pulses are derived from a common source at the transmitter and their
frequencies are automatically interlocked in the correct ratios.

It should be noted that the synchronizing signals do not produce scan-
ning. Saw-tooth generators are required to produce the scanning motion,
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but the synchronizing signals are needed for exact timing of the hori-
zontal and vertical scanning motions at the transmitter and receiver.
Without sync the saw-tooth generators can operate to produce the
scanning raster, but the picture information reproduced on the raster
does not hold still. Specifically, the synchronizing pulses force the saw-
tooth generators to begin the flyback on the saw-tooth scanning wave,
timing each cycle of the saw-tooth deflecting signal at the synchronizing
frequency.

REVIEW QUESTIONS

1. Explain briefly why a saw-tooth deflecting signal is the wave shape required for
linear scanning.

2. Draw the interlaced scanning pattern for a total of 25 lines, showing the corre-
sponding saw-tooth scanning signals. _Assume one inactive line per field.

3. Give one advantage and onc disadvantage of interlaced scanning compared
with progressive scanning.

4. If progressive scanning were used with a picture repetition rate of 60 per second
what would be the frequency of the vertical saw-tooth deflection signal? What is
the disadvantage of this scanning procedure?

6. low much time in microseconds is required for scanning one complete hori-
zontal line, including the trace and retrace? How long is the trace time, assuming
10 per eent for the retrace time?

8. In a 525-line interlaced pattern, how many inactive lines are produced during
the vertical retrace for each field when the vertical flyback time is 3 per cent of a
complete eyele?  For both even and odd fields?

7. Why are the active horizontal lines closer together than the inactive lines
produced during vertical retrace?

8. What is meant by keystoning?

9. Describe the effect on picture reproduction when the saw-tooth scanning signal
for horizontal deflection in the picture tube is bowed out, rising rapidly and then
flattening out at the top.

10. \What is the function of the horizontal and vertical synehronizing pulses?  What
are their frequencies? What is the frequency of the equalizing pulses?

11. What is the scanning raster?

12. Describe briefly one way to check the interlacing of the scanning lines.

13. Where is the electron scanning beam on the kineseope screen at the start of the
linear rise on the saw-tooth wave for horizontal seanning? At the start of horizontal
retrace? At the start of the linear risc on the saw-tooth wave for vertical scanning?
At the start of vertical retrace?

14. What is interline flicker?




CHAPTER 5

THE COMPOSITE VIDEO SIGNAL

The composite video signal contains all the information needed to
reproduce the picture. This includes (1) camera signal corresponding
to the desired picture information, (2) synchronizing pulses to synchronize
the transmitter and receiver scanning, and (3) blanking pulses to obliter-
ate the retraces produced in scanning and to ensure that there is no
camera signal to interfere with the synchronization. How these three
components are added to produce the composite video signal is illustrated

Sync

T pulse
@ @ q r [
B $ | Blanking -7 B
2 = pulse =
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Camera
Time — Time —> Time —~
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F1c. 5-1. Components of the composite video signal. (a) Camera signal; (b) camera
signal plus horizontal blanking pulse; (c) composite video signal with camera signal,
blanking pulse, and sync pulse.

in Fig. 5-1. The camera signal in a 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
is composite video signal for one horizontal scanning line.

5-1. Construction of the Composite Video Signal. In the composite
video signal in Fig. 5-2, successive values of voltage or current amplitude
are shown for corresponding values of time during the scanning of three
horizontal lines in the image, together with the inactive periods, which
include the synchronizing and blanking signals.  The amplitude of the
video signal is divided into two scetions, the lower 75 per cent being
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devoted to the active camera signal while the upper 25 per cent is used for
the synchronizing pulses.  Standardization is necessary so that the signal
will be suitable for all television receivers, and the form shown is the
standard construction of the composite video signal.  The lowest ampli-
tudes correspond to the whitest parts of the picture while the darker parts
of the picture have higher amplitudes in Fig. 5-2 because this is the way
the signal is transmitted, using a standard negative polarity of transmis-
sion. Negative transmission means that white parts of the picture are
represented by low amplitudes in the transmitted picture carrier signal.
Higher amplitudes correspond to progressively darker picture information
until the black level is reached, which is represented by the fixed level of
75 per cent of maximum signal amplitude.

Camera Horizontal Horizontal
signal sync pulse blanking pulse

wol—-f--f-—--q~f-—-q- -4

level 75%£25%

~
w

N
w

Maximum white level

15%7 0%

Voltage or current in per cent
of maximum
wu
=)

~ v Y - Time —>
Fia. 5-2. Composite video signal for three consecutive horizontal lines.

Black Reference Level. 'The black level is constant at 75 per cent ampli-
tude and independent of picture information, in order to maintain a
brightness reference in the television system. When the image is repro-
duced, the 75 per cent level of the video signal corresponds to the grid
cutoff voltage of the picture tube and the absence of light, thus establish-
ing 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 amplitude is also the pedestal level, or blanking
level, because this represents the tops of the blanking pulses, providing
pedestals on which the synchronizing pulses are placed. Blanking is
accomplished by making the blanking level black.

Any signal amplitude greater than the black level is called blacker than
black, or infrablack, because this voltage drives the picture-tube grid
voltage more negative than cutoff. The synchronizing pulses, which
initiate the flyback in the scanning circuits, are blacker than black.

The Composite Video Signal and Scanning. Referring again to Fig. 5-2,
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




66 BASIC TELEVISION

white level and the scanning beam is at the left side of the image. As the
first line is scanned from left to right, camera signal variations are
obtained with various amplitudes that correspond to the required picture
information. After this active 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
the black level so that the retrace can be blanked out. After a blanking
interval long enough to include the retrace time, the blanking voltage is
removed, since the scanning beam is then at the left side of the image
ready for the active scanning of the next horizontal line. Each active
horizontal line is scanned successively in this way.

The Blanking Pulses. The composite video signal contains blanking
pulses to obliterate the retrace lines by raising the signal amplitude to the
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Fic. 5-3. Horizontal blanking pulses and vertical blanking pulse in the video signal.
Syne pulses not shown,

black level during the time the scanning circuits produce the retraces.
Retrace normally is produced during blanking time because the syn-
chronizing pulses, which start the retrace, occur within the blanking
period.

As illustrated in Fig. 5-3, 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 the 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 pro-
duced when the electron beam retraces vertically from bottom to top in
each field. Therefore, the frequency of the vertical blanking pulses is
60 cps.

Horizontal Blanking Time. Details in the horizontal blanking period
are illustrated in Fig. 5-4. The interval between successive scanning
lines is indicated by H. This time for one complete horizontal scanning
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line is 1/15,750 sec, or 63.5 usec, since the horizontal line-scanning fre-
quency is 15,750 cps. The horizontal blanking pulse has a width of
0.14H to 0.18H, so that the blanking time is about 16 per cent of the line
period. 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. 5-4, each horizontal syne pulse is 0.08 H, occupying about one-half
the width of the horizontal blanking pulse. For the remaining 8 per
cent of H, during the blanking time of 0.16H, the signal is at the pedestal
level. The part of the pedestal just before the sync pulse is called
the front porch, as indicated in Fig. 5-4, and the back porch follows
the sync pulse. The front porch is
0.02H and the back porch 0.06/,
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noted that the time required for the

retrace of the scanning beam depends on the scanning circuits and is not
limited to the width of the synchronizing pulse. The retrace must be
accomplished within the blanking time, however.

The amount of time devoted to horizontal blanking and retrace may
seem relatively long, since it leaves only 84 per cent of the horizontal line
period for the active scanning of picture information, but these values are
necessary. It is difficult to produce scanning circuits that can supply
the saw-tooth voltage or current scanning waves required for horizontal
deflection with a flyback time very much less than the horizontal blanking
time used. 'T’he long blanking time allows a margin of safety, therefore,
ensuring that the horizontal retrace is blanked out.

In addition to the blanked-out retrace, a small portion of the forward
scanning motion usually is blanked out at the beginning and end of the
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active trace, as illustrated by the black bars at the left and right sides of
the raster in Fig. 5-4. The black bar on the right side of the image cor-
responds to the front porch on the horizontal blanking pulse, before
retrace starts. When the retrace is completed in less than 014/, the
trace on the left side begins during the blanking time, producing the black
bar at the left side of the image corresponding to part of the back porch
on the horizontal blanking pulse. The blanking bars at the sides have
no effect on the picture other than decreasing the effective width slightly.
Compensation is easily made, increasing the amplitude of the horizontal
scanning voltage or current. By allowing some tolerance in the amount
of time required for the horizontal retrace, much more reliable perform-
ance can be obtained in the scanning circuits,
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Vertical Blanking Time. The vertical blanking pulses raise the video
signal amplitude to the black level for the pulse duration, so that the
scanning beam can be blanked out while the vertical retraces are com-
pleted. Figure 5-5 shows the composite video signal with vertical blank-
ing pulses, during the intervals between the end of one field and the
beginning of the next. The signals illustrated are identical except for the
half-line displacement between successive fields necessary in odd-line
interlacing. Starting at the left in the figure, the last four lines at the
bottom of the image that are active in scanning information are shown
with the required horizontal blanking and synchronizing pulses.  Imme-
diately following the last active line the video signal is brought up to
the black level by the vertical blanking pulse in preparation for the verti-
cal retrace. The vertieal blanking period begins with six equalizing
pulses spaced at half-line intervals. The serrated vertical synchronizing
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pulse is next, followed by six additional equalizing pulses and a train of
horizontal synchronizing pulses.  No picture information is scanned dur-
ing this time and the video signal is maintained at the black level so that
the vertical retrace can be blanked out. The vertical blanking interval
for each field equals 5 to 8 per cent of the field-scanning period of L4 sec
and, therefore, includes 13 to 21 inactive horizontal lines, which are
blanked out. After the vertical blanking pulse, active scanning is
resumed and the composite video signal, including the camera signal,
blanking, and synchronizing pulses for each active horizontal line, contin-
ues up to the next field.

The field retrace does not begin until about the middle of the serrated
vertical synchronizing pulse, when the vertical scanning circuit is foreed
to produce the flyback on the saw-tooth scanning wave. About four lines
are blanked out at the bottom of the picture, therefore, before the vertical
retrace starts. Most of this time is devoted to the equalizing pulses,
which are needed to provide exact timing of the vertical retrace motion in
successive fields. The vertical flyback time depends on the scanning cir-
cuit used but must be completed within the blanking time so that the
clectron scanning beam will be started on the active trace down when the
blanking pulse is removed for the scanning of picture information.  With
a vertical retrace time equal to the period of three horizontal lines, which
is a typical example, some of the lines scanned at the top of the picture in
the downward scan are blanked out. Thus, if the vertical flyback is
assumed to start at the second serration in the vertical synchronizing
pulse and if the retrace time is equal to the period of three horizontal
lines, four horizontal lines at the bottom of the picture will be blanked out,
three blanked-out horizontal lines will occur during the vertical flyback
from bottom to top, and 6 to 14 lines at the top of the picture will not be
visible. The same number of lines will be blanked out in the next succes-
sive field, with a half-line displacement from the previous field. This
wide tolerance in the vertical blanking period is necessary in order to
ensure that enough time is available to complete the vertical flyback and
obtain the required linearity of the active trace before the scanning of
picture information is resumed. The black bars at the top and bottom
of the raster in Fig. 5-4 correspond to the scanning lines blanked out by
the vertical blanking pulse. The only effect of the obliterated lines at
the top and bottom of the frame is a slight reduction in the effective
height of the picture; this is easily remedied by increasing the amplitude
of the vertical scanning voltage or current.

5-2. Correlation between Picture Content and the Video Signal.
Two examples are shown in Fig. 5-6 to illustrate how the composite video
signal is related to the picture information in the optical image. In a
is shown the video signal that corresponds to one active horizontal line in
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the scanning of an image consisting of a black vertical line down the
center of a white frame. Starting at the left in the figure, the camera sig-
nal 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 sig-
nal continues at the same white level until the middle of the picture is
reached. When the black bar is scanned the video signal immediately
rises to the black level and remains there while the entire width of the
black bar is scanned. After the black vertical bar is scanned the signal
amplitude drops to the white level corresponding to the white background
and continues at that level while the forward scanning motion is com-
pleted to the right side of the image.

_-‘/—H- 1/15,750 sec F

—————— White level
Time —> Time —>

(a) (b)
Fia. 5-6. Composite video signal obtained in seanning one line of a pattern containing
a vertical line down the center of the frame. (a) Black line on white background; (b)
white line on black background.

Black level

Amplitude
Amplitude

At the end of the active trace the horizontal blanking pulse is inserted
to bring the video signal amplitude up to the black level in preparation for
the horizontal retrace. After completion of the retrace the forward
scanning motion begins again to scan the next horizontal line. Each
successive horizontal line in the even and odd fields is scanned in this
way, and the corresponding composite video signal for the entire picture
contains a suceession of signals with a waveform identical with that shown
in Fig. 5-6a for each active horizontal scanning line. For the case illus-
trated in b the action is the same but the camera signal corresponds to a
white vertical bar down the center of a black frame.

These are simple types of images, but the correlation can be carried over
to an image with any distribution of light and shade. Thus, if the pattern
contains five vertical black bars against a white background, the com-
posite video signal for each horizontal line will include five rapid varia-
tions in amplitude from white to the black level. If the pattern consists
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of a horizontal black bar across the center of a white frame, most of the
horizontal lines will contain white picture information for the entire trace
period, with the camera signal amplitude remaining at the white level
except for the blanking intervals, while those horizontal lines that scan
across the black bar will produce camera signal that remains at the black
level for the complete active scanning time. A typical image consists of
picture elements having various degrees of light and shade with a non-
uniform distribution. In this case, then, the corresponding video signal
contains a succession of signals for each horizontal line, with variations
in camera signal amplitude for each picture element in a line, and wave-
forms for each horizontal line that vary for different lines in the frame.

5-3. Video Frequencies cnd Picture Information. Referring to the
checkerboard pattern in Fig. 5-7, the square-wave signal shown repre-
sents the camera signal variations of the compasite video signal obtained
in scanning one horizontal line at the top of the image. It is desired to
find the frequency of this square wave, because the frequency of the
camera signal variations in the video signal is an extremely important
factor in determining whether or not the television system can transmit
and reproduce the corresponding picture information. The highest video
frequeney that can be transmitted is approximately 4 Me because of
the restriction of a 6-Mc transmission channel.

In determining the frequency of any signal variation, the time for one
complete cycle must be known, where a cycle includes the time from one
point on the signal waveform to the next succeeding point with the same
magnitude and direction. The frequency can then be found as the reci-
procal 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, neces-
sarily have a shorter period and a higher frequency. In order to deter-
mine the frequeney of the signal variations for the pattern shown in Fig.
5-7 it must first be noted that one complete cycle of camera signal includes
the information in two adjacent picture elements, one white and the other
black, because it is only after scanning the sccond square that the camera
signal has the same magnitude and direction as at the start of the first
square. Therefore, to find the frequency of the camera signal variations
in Fig. 5-7 it is necessary to determine how long it takes to scan across two
adjacent squares, which is the period for one cycle of the resultant camera
signal.

The period of one complete cycle of the square-wave camera signal
variations in Fig. 5-7 can be calculated as follows: The horizontal line
period is 1/15,750 see, or 63.5 wsee, including the trace and retrace,
With a horizontal blanking time equal to 16 per cent of the line interval,
or 10.2 psec, this must be subtracted from the total line period to obtain
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the trace time corresponding to the active scanning of picture information
that is visible in the image. Therefore, it takes 53.3 usec for the active
trace across one horizontal line. Scanning the horizontal squares in Fig.
5-7, two of the twelve squares are scanned in a time equal to 14 of the
total active time, or 53.3/6 usec. This is 8.9 usec and is the period of one
complete cycle of the square-wave signal. The frequency of the camera
signal, therefore, is 1/8.9 usec, or 0.11 X 108 ¢ps, which is 0.11 Me per sec.
This is well within the capabilities of the television system, since the
upper frequency limit for video signal frequencies that can be transmitted
is approximately 4 Me.

When a typical image with seattered areas of light and shade is scanned,
the camera signal variations do not have the symmetry of the square-wave

WOne cycle
Black level

i -« Video signal variations for top
TTTTTTTTT horizontal line in pattern

Fic. 5-7. Checkerboard pattern and corresponding camera signal variations.

signal shown in Fig. 5-7. However, the differences of light and shade in
the image correspond to changes in the camera signal amplitude in the
same manner, and the frequency of the resultant camera signal variations
depends on the time required to scan adjacent areas that differ in light
values. Thus, when large objects with a constant white or black level are
scanned the resultant camera signal variations have a low frequency
because of the relatively long time between changes in level.  Small areas
of light and shade in the image correspond to higher video frequencies.
The highest signal frequencies correspond to the variations between small
adjacent picture elements in a horizontal line. Therefore, the highest
video frequencies correspond to the horizontal detail of the picture, and
the ability of the television system to transmit and reproduce the high
video frequencies determines the extent to which the fine horizontal
detail in the image can be reproduced.

5-4, Maximum Number of Picture Elements. Referring again to the
checkerboard pattern in Fig. 5-7, the maximum possible number of pic-
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ture elements in the image can be determined where each square is con-
sidered as one element.  The problem is to find out how many picture
elements or squares can be reproduced in the vertical direction and along
a horizontal line in the image, with 4 Mc¢ as the highest video frequency
that can be transmitted.

Horizontal Detail. The number of picture elements contained in each
horizontal line is limited only by the ability of the television system to
generate, transmit, and reproduce rapid changes in the camera signal
amplitude. Since 4 Mc is the highest video signal frequency that can be
transmitted in the television channel, this represents the best hori-
zontal detail that can be reproduced at the receiver. Proceeding in the
same manner as in the previous section, the number of elements corre-
sponding to 4 Me can be determined to show the maximum number of
picture elements in a horizontal line and the size of the smallest possible
horizontal detail. The period of one complete cycle for a 4-Mc signal
variation is 1/(4 X 10%) sec, or 0.25 usec. This is the time required to
scan two adjacent picture elements.  With two elements scanned in 0.25
usee, then eight elements are scanned in 1 usec, and 8 X 53.3, or 426, pic-
ture clements can be scanned during the entire active line period of 53.3
usec. Thus, 426 picture elements can be scanned along a horizontal line
without exceeding the 4-Mec frequency limitations. If there were 426
squares in the horizontal direction in the checkerboard pattern in Fig.
5-7, therefore, the resultant camera signal variations would produce a
4-Me signal, which represents the maximum capabilities of the present
system in terms of horizontal detail.

In order to reproduce the squares of the checkerboard pattern as indi-
vidual, discrete elements, a square-wave signal is needed. Since response
up to about the fifteenth harmonic of the fundamental frequency is
required to reproduce a square wave, it would be necessary to utilize a
60-Mec sine-wave signal, which is beyond the capabilities of the television
system. As a result, the maximum number of 426 horizontal details in a
television picture can be reproduced only as the continuous variations in
shading for a 4-Mc sine-wave video signal instead of the individual, dis-
crete elements corresponding to the 4-Me square-wave signal.

Utilization Ratio and Vertical Detail. The maximum number of verti-
cal elements in the image that can be reproduced is directly dependent on
the number of scanning lines, since each scanning line can represent only
one detail in the vertical direction. However, a scanning line may repre-
sent no vertical detail at all. The two opposite cases are illustrated in
Fig. 5-8 where the image to be scanned is a vertical bar containing a num-
ber of alternate black and white squares. The height of each square is
considered 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
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it, as in a, the corresponding camera signal represents the vertical detail
perfectly. 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 and the
camera signal variation 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 detail is entirely lost and the reproduced image becomes
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Fig. 5-8. The vertical detail depends on how the scanning lines cover the picture ele-
ments. (a) Each scanning line covers an individual vertieal detail; (b) the scanning
lines straddle the vertical details.

the uniform gray bar shown in b, with the equally spaced black and white
details of the vertical bar in the original image completely lost. The num-
ber of picture elements that can be reproduced in the vertical direction,
therefore, depends to a great extent on the position of the elements with
respect to the scanning lines, since the vertical detail is partially or com-
pletely lost when a scanning line overlaps two adjacent vertical picture
elements.

In an image with typical picture content there is a nonuniform arrange-
ment of the picture elements and some of them fall directly on a scanning
line while others straddle the scanning lines. The problem in establishing
the useful vertical detail, then, is one of determining how many picture
elements can be reproduced along a vertical line by a given number of
scanning lines. This depends on the average number of elements that can
be expected to fall directly on a scanning line when there is a random dis-
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tribution of light and dark picture elements and varies with the picture
content. The ratio of the number of scanning lines useful in representing
the vertical detail to the total number of active seanning lines is called the
utilization ratio. Theoretical calculations and experimental tests show
that the utilization ratio ranges from 0.6 to 0.9 for different images with
typical picture content, with 0.75 as an average value.

Employing the average utilization ratio of 75 per cent, the maximum
possible number of vertical elements can be determined. The number of
active scanning lines is equal to 525 minus those lines scanned during the
blanking time. Taking a vertical blanking time equal to 8 per cent of the
field-scanning period, the number of lines blanked out for the entire frame
is 0.08 X 523, or 42 lines. Some of these lines occur during the vertical
retrace, while others are scanned at the top and bottom of the frame dur-
ing the blanking time; but all are inactive in scanning picture information.
With 42 lines obliterated, 483 active lines remain. The number of active
scanning lines effective in showing vertical detail is 483 X 0.75 since this
is the utilization ratio, providing 362 working lines. Therefore, the maxi-
mum number of vertical details that can be reproduced with 525 total
scanning lines and 483 active scanning lines is about 362, the exact value
depending upon the utilization ratio.

Total Number of Picture Elements. On the basis of the previous calcu-
lations, the maximum number of picture elements possible for the entire
image is 426 X 362, or about 150,000. This number is independent of the
picture size. With different images 100,000 to 200,000 picture elements
may be accommodated, depending on the picture content. The total
number of picture elements can be regarded as the figure of merit of the
scanning pattern and may be compared with motion-picture reproduction.
A single frame of 35-mm motion-picture film contains about 500,000 pic-
ture 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,
because the picture elements are reproduced as discrete units.

5-5. The D-C Component of the Video Signal. In addition to the fact
that the video signal amplitude changes continuously with the variations
of light for individual picture clements, the signal must have an average
value that corresponds to the average brightness of the scene. The aver-
age is for complete frames and not individual lines in the frame.  As an
example of the importance of the background level, the camera signal
corresponding to a gray line on a black background will be identical with
the signal that corresponds to a white line on a gray background if there is
no average brightness or background information. The detailed picture
information corresponds to the variations of the signal within any hori-
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zontal line, which may be considered as the a-c ecomponent of the video
signal. The average value of the signal over the entire frame or several
frames is the d-c level of the signal, which corresponds to the average
light level because it is the axis from which the individual variations in the
signal differ in accordance with the relative intensity of each picture ele-
ment. Therefore, the d-¢ component of the video signal provides the
average brightness or background information for the reproduced pic-
ture. The same detailed picture information may have an entirely
different appearance when the average brightness or d-c level is changed.
The d-¢ component is included in the video signal transmitted to the
receiver, for the purpose of providing the correct average brightness in the
picture reproduced on the kinescope screen.

D-C Component for Dark and Light Scenes.  The d-¢ component of the
composite video signal is its average value. As illustrated in Fig. 5-9,
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Fia. 5-9. Video signals with the same a-c¢ variations hut different average brightness
values. (a) Dark scene with average value close to black level; (b) light scene with
average value further from black level.

when the average value or d-c component is close to the pedestal level, as
in a, the average brightness is dark. The same a-c signal variation in b
has a lighter background because the average axis is farther from the
black level. The average brightness of the reproduced picture, therefore,
depends upon how far the average-value axis of the video signal is from
the black level.

Pedestal Height. As noted in Fig. 5-9, the pedestal height is the dis-
tance between the pedestal level and the average-value axis of the video
signal. This indicates the average brightness of the signal, since it
indicates by how much the average value differs from the black level.
Although it is not the d-c component of the video signal 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-¢ component. With the
pedestal level as the fixed black reference level, therefore, the pedestal
height can always indicate the correct brightness of the video signal.
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Setling the Pedestal Level.  The method of utilizing the pedestal level as
the black reference level for the entire system can be followed by starting
with the camera. The camera signal output is amplified in several stages
hefore being coupled to a control amplifier at the studio of the transmitting
station. At this stage the camera signal can be considered as being
without the d-e¢ level needed to indicate the brightness of the scene
because of capacitive coupling in either the camera tube or the camera sig-
nal amplifiers. The synchronizing and blanking pulses are added to the
camera signal in the control amplifier to produce the composite video sig-
nal, with the synchronizing pulses superimposed on the pedestals provided
by the blanking pulses. Before the synchronizing pulses are added, how-
ever, the tops of the blanking pulses are cut off by a clipper amplifier.
This is illustrated in Fig. 5-10. The level at which the blanking pulses
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I'1c. 5-10. Formation of the pedestals.

are clipped is the pedestal level and will be the black level that determines
the brightness reference for the entire television system.

The pedestal level is determined in the control amplifier in terms of the
average brightness of the scene being televised by varying the bias on the
clipping amplifier, in order to change the level at which the blanking
pulses are clipped to provide the pedestals. Manual adjustment of the
clipping level is accomplished by an operator who observes the scene
being televised and can set the clipper amplifier bias and the pedestal
level to provide the desired brightness of the reproduced image, as
observed on a monitor picture tube viewed simultaneously. Adjusting
the clipping or pedestal level changes the average-value axis of the video
signal and, therefore, is called d-c insertion.

Once the d-c insertion has been accomplished, the pedestal level
becomes the desired black reference level and the pedestal height indicates
the correct average brightness. The d-c level inserted in the control
amplifier is usually lost in succeeding stages, though, because of capaci-
tively coupled amplifiers that block the d-¢ component of the signal.
However, once the pedestal level has been determined in the eontrol
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amplifier for the scene, it is not difficult to reinsert the d-c level lost in a
capacitive coupling because the pedestal height is not altered. 'The d-¢
reinsertion is accomplished by a circuit that rectifies the a-c video signal
to provide a d-c component proportional to the pedestal height, auto-
matically producing the correct d-c component. At the transmitter, d-c
reinsertion is employed in the modulation system to give the pedestal
voltage a constant level 75 per cent of the peak amplitude of the picture
carrier signal. In addition, d-c reinsertion is needed in the control-grid
circuit of the picture tube when the d-¢ component of the video signal is
lost in previous amplifiers in the receiver. The d-e reinsertion in the
receiver ensures that the black-level amplitude of the video signal drives
the kinescope control-grid voltage to cutoff and extinguishes the scanning

N\
Fic. 5-11. NBC test pattern.

(Copyright National Broadcasting Company.)

spot of light, thus reproducing the black reference level and all brightness
values correctly.

5-6. Test Patterns. In order to adjust a television system conven-
iently and compare performances, a standard picture is desirable. This is
usually in the form of a test pattern. Figure 5-11 shows a typical test
pattern. Such test patterns, with circles, wedges, and a gray scale, are
transmitted by many broadcast stations. A test pattern is helpful in
making receiver adjustments and judging the performance of the receiver
in terms of the reproduced picture.

The test pattern is composed of black and white lines and areas on a
gray background. The pattern is constructed with approximately equal
black and white areas, and the color value of the gray areas is halfway
between black and white. This simulates an average scene so that no
receiver adjustment should be necessary when changing from test pattern
to program transmission. The black and white areas at the outer ends



THE COMPOSITE VIDEO SIGNAL 79

of the horizontal wedges produce a signal that permits the voltage ampli-
tude swing between white and black to be readily determined.

Aspect Ratio, Linearity, and Brightness. 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 circlejequals 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 set. If the circles appear round, the scanning linearity
is properly adjusted. Linearity can also be checked by means of the
horizontal and vertical wedges in the test pattern. The two vertical
wedges are of equal length, as are the two horizontal wedges, and the
ability to reproduce these equal lengths depends on the linearity of the
vertical and horizontal scanning motions. Brightness and contrast are
set by the use of the target in the center of the pattern. The target
ranges from black in the center to white on the outside in five equal steps
or shades.

Focusing Adjustment. Focus is set by varying the focus control until
the black and white lines in the wedges can be distinguished as close to the
center of the image as possible or when scanning lines are ¢learly definable
in the center of the sereen. Most picture tubes cannot be adjusted to per-
fect focus over the entire screen.

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
reproduced picture, this means that it is possible to sce 150 individual
horizontal lines consisting of 75 black lines separated by 75 white lines.
For equal resolution in the horizontal direction and an aspeet ratio of 4:3,
150 X 44, or 200, vertical lines can be resolved in the picture, consisting
of 100 black lines separated by 100 white lines. However, this is still con-
sidered 150-line resolution because the resolution is measured in terms of
the picture height when indicating either horizontal or vertical detail, in
order to provide a common basis for comparison.

Measuring Vertical Resolution. 'The line divisions in the horizontal
wedges of the test pattern measure the vertical resolution in the repro-
duced image and indicate the adequacy of interlacing. Both horizontal
wedges are identical. At the outer edge of the horizontal wedge the ver-
tical resolution indicated is 150 lines, and the resolution increases with
the closer spacing of the lines in the wedge toward the bull’s-eye circles.
Where the wedge meets the outer edge of the white bull’s-eye cirele the
resolution is 300 lines. Maximum vertical resolution is 372 lines for
the test pattern. Resolution in the picture is interpreted in terms of the
markers, which indicate the degree to which the individual lines in the
wedge can be resolved. As an example, when the divisions in the wedge
can be resolved to the point just touching the outer bull’s-eye circle in
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the reproduced picture, the vertical resolution is 300 lines. When the
individual lines in the wedge cannot be distinguished from each other in
the reproduced picture any further than the 250 marker, the resolution is
250 lines.

The vertical resolution of the reproduced image can be calculated in a
very direct manner from the test pattern. There are 31 lines in the
wedge, consisting of 16 black and 15 white lines. When the lines in the
wedge can be resolved only to the point where the wedge meets the large
outer black cirele, 31 lines can be resolved in a distance equal to the height
of the wedge at that point. Measuring this distance, it is slightly more
than 14 of the total picture height, or exactly 1/4.84 of the height.
Therefore, 31 X 4.84 lines can be included in the entire picture height,
with each individual line distinct from the others, and the vertical resolu-
tion is equal to 150 lines. The vertical resolution corresponding to any
other part of the horizontal wedge can be measured in the same way.

Measuring Horizontal Resolution. The vertical wedges in the pattern
measure horizontal resolution and the video-frequency response necessary
to obtain the corresponding resolution. The top vertical wedge gives the
horizontal resolution in number of lines referred to the picture height.
For a horizontal resolution marked 300 lines, therefore, it is possible to
resolve 400 black and white vertical elements in the horizontal direction.
The white dots along the top wedge indicate the horizontal resolution as
noted in the figure. The maximum horizontal resolution is 325 lines,
which corresponds to 433 individual elements along the horizontal line.
The horizontal detail corresponding to any point on the vertical wedge
can be calculated by measuring the width of the wedge at the point where
the individual lines can just be resolved in the reproduced picture, just as
in the method used for measuring the vertical resolution. First, find the
proportion of the picture width to the width of the vertical wedge at the
point where the black and white divisions in the wedge can just be
resolved. Multiplying this ratio by the 31 lines in the wedge, the total
number of details in the horizontal direction is found. This number is
then multiplied by 34 in order to have the resolution value in number of
lines referred to the picture height. Thus, at the point where the vertical
wedge meets the outer edge of the white bull’s-eye circle the total picture
width is 12.9 times the width of the wedge. Therefore the total number
of lines that can be accommodated in the entire picture width with this
resolution is 12.9 X 31, or 400. Multiplying by 34 to translate this value
into terms of picture height, the horizontal resolution obtained is equal to
300 lines.

Measuring Frequency Response. The lower vertical wedge and the top
one are identical; both indicate horizontal resolution, but the lower one is
calibrated in frequency response. The lowest white dot near the black
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circle is 2.0 Mc. The next dot toward the center of the pattern is 2.5 Mc,
followed by a dot at 3 Mc; the dot nearest the center corresponds to a
camera signal frequency of 3.5 Mc. The inner end of the wedge is 4.06
Mec. It is possible to mark the wedge in this manner because the extent
to which the individual lines of the vertical wedge can be resolved in the
image indicates the video-frequency limitations of the television system in
terms of the horizontal detail reproduced.

The signal frequency corresponding to any degree of resolution in the
vertical wedge can be calculated by means of a procedure similar to that
used in calculating the maximum number of horizontal picture elements,
as described in Sec. 5-4.  As an example, if the individual lines in a verti-
cal wedge can be resolved down to the point marked 3.5 Mc in the repro-
duced picture, the frequency response can be calculated in the following
manner: There are 31 lines in the wedge, which correspond to 1514 com-
plete cycles of the video signal obtained in scanning this part of the image.
Measuring the width of the wedge at this point, it is found to be 8.2 per
cent of the total picture width. The time required to scan across the
wedge at this point, then, is 8.2 per cent of the total active scanning time
of 53.3 usec for one horizontal line, which is equal to 0.082 X 53.3, or
approximately 4.4 usec. This is the period for 1514 cycles of the corre-
sponding square-wave camera signal, and the period for one complete
cycle is 4.4/15.5, or 0.285, usec. The frequency is the reciprocal of 0.285
usec, or 3.5 Mc. The corresponding frequency for any degree of hori-
zontal detail in a vertical wedge can be found in this manner. It should
be noted that the frequency calculations are not referred to the picture
height and the factor 34 is not used.

Frequency Response and Horizontal Resolution. Both vertical wedges
indicate the horizontal detail, although one is marked in frequency
response while the other measures horizontal resolution in terms of the
number of lines referred to the picture height. The equivalence between
video-frequency response and number of lines for the corresponding hori-
zontal resolution can be established by making the measurements just
described. On this basis, the relation between the horizontal resolution
in number of lines and the required video frequency for this resolution is

n=280Xf
n
I=%

where f, is the frequency in megacycles, for a resolution of n lines (referred
to the picture height). For example, a video-frequency response of 4 Mc
is equal to 4 X 80, or 320-line horizental resolution; 240-line resolution
equals 249, or 3-Mc video-frequency response.
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5-7. RETMA Resolution Chart. The chart shown in Fig. 5-12 has been
prepared by the Radio Electronics Television Manufacturers Association!
for the purpose of standardizing resolution measurements. Resolution
must be read only after the equipment is adjusted for minimum distor-
tion. The RETMA chart is not generally broadcast because it is much
more detailed than a typical test pattern. The chart has circles, wedges,
and a gray scale, however, which can be interpreted in the same way as
described for the NBC pattern.

F1a. 5-12, RETMA resolution chart.

The wide horizontal and vertical bars form a large square within the
large white circle,. Each bar is numbered from 1 to 10 because it is con-
structed as a gray scale composed of 10 logarithmic steps from maximum
white brightness to approximately one-tenth of this value. Aspect ratio
is checked by noting that the four gray scale bars form a perfect square.
The wedges in the corner circles permit linearity and resolution to be
measured in the four corners of the picture. Larger wedges are also
included in the large white circle in the center, and one of these is cali-
brated in both number of lines and frequency response. The resolution
calibration extends to 600 lines and past 7 Mc so that it can be used for

! Formerly Radio Manufacturers Association (RMA).
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equipment not limited to 4-Me response. It is important to note that, the
1-Me video-frequeney limitation results from the restrietion of a 6-NMe
transmission channel and is not the limit of the television equipment.
Video frequencies as high as 8§ Me ean be used at the television studio,
but those above 4 Me cannot be transmitted to the receiver.  In addition
to the wedges, vertieal and horizontal groups of parallel bars are piaced in
the picture to check horizontal and vertieal linearity.  All these bars are
spaced for 200-line resolution.
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Fig. 5-13. Indian-head test pattern. (RCA.)

The small resolution circles in the center of the large white cirele and
in the centers of the four corner cireles are for checking spot ellipticity on
picture tubes.  Resolution for the cireles in the corners (156) is made less
than the resolution in the center (300) because of the added defocusing in
the corners caused by deflection of the scanning beam. The two sections
of single-line widths, 50 to 300 and 350 to 600, read resolution just as do
the wedges, but also provide an accurate means cof checking the frequency
of transient oscillations. The four diagonal lines in the large square at
the center may be used to cheek the quality of interlacing. A jagged line
indicates partial pairing of the interlaced lines. This is not effective for
complete pairing of the lines, when even and odd fields exactly overlap.
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However, the reduced vertical resolution in such a case will be plainly
evident. The gray background of the chart provides a satisfactory bal-
ance with the white areas; a system correctly set up by the use of this
chart will operate satisfactorily on an average scene without additional
adjustments.

5-8. Indian-head Pattern. The test chart generally printed on the
image plate of monoscopes is the one shown in Fig. 5-13, which is com-
monly called the Indian-head pattern. A feature of this pattern is the
reproduction of the Indian head, which enables checking the quality of
gray tones in an actual picture. The Indian-head chart also has uni-
formly spaced square boxes throughout the image. This crosshatch of
lines is convenient for checking the linearity of vertical or horizontal scan-
ning in any part of the picture. When the scanning is nonlinear the boxes
are not square, showing crowding and spreading in the vertical or hori-
zontal direction.

5-9. Gamma. This is a numerical factor used in television for indicat-
ing to what extent light values are expanded or compressed. Referring
to Fig. 5-14, the exponent of the equations for the curves shown is called
gamma (v), corresponding to a similar term used for indicating contrast
characteristics in photographic reproduction. The numerical value of
gamma is equal to the slope or gradient 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 a of Fig. 5-14, with the greatest slope at the start
of the curve and the relatively flat part at the end. When the gamma is
more than one the curve’s shape is bowed upward as in b, making the start
of the curve comparatively 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 the
same throughout.

Since the shape of the curve is determined by the value of gamma, it can
be used to indicate how the over-all television system or any of its com-
ponents expands or compresses the contrast of the reproduced picture.
A gamma value of one means a linear characteristic that does not exag-
gerate any light values. When the gamma characteristic is greater than
one for the white parts of the image, the reproduced picture looks * con-
trasty’’ because the increases in white level are expanded by the sharp
slope, to emphasize the 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. Asa typical example, picture tubes have the control-characteristic
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curve illustrated in b of Fig. 5-14. The video signal voltage is always
impressed on the control grid of the picture tube with the polarity
required to make the signal variations for the white parts of the picture
fall on that part of the response curve with the steep slope. As a result,
a variation in video signal amplitude at the white level produces a greater
change in beam current and screen brightness than it would at a darker
level. Picture tubes have a response characteristic with a gamma greater
than one, therefore, emphasizing the white parts of the picture.
Amplifiers have a gamma characteristic that is very nearly unity, using
linear operation. This is illustrated in Fig. 5-14¢, the straight-line
response showing that the output signal voltage is proportional to the
input voltage without emphasizing any signal level. If desired, however,

Visual response
Beam current
Output voitage

Brightness —> Grid voltage —» Input voltage —~

(a) (d) (c)
Fic. 5-14. Gamma characteristics. (a) Visual response of the eye. Gamma is less
than one; (b) control-grid characteristic curve of picture tube (herec gamma is more
than one—equal to 2.2 in this case); (c) linear characteristic of amplifier: gamma
equals one.

an amplifier can be made to operate over the curved portion of its transfer-
characteristic curve by shifting the operating bias. The nonlinear ampli-
fier can be used as a gamma-control stage, therefore, to expand or com-
press the white video signal amplitudes relative to the black level.

REVIEW QUESTIONS

1. Show the composite video signal corresponding to three horizontal lines in
scanning a black frame with two equally spaced vertical white bars.

2. Show the composite video signal for three horizontal lines in scanning across a
horizontal white bar.

3. What is the pedestal level?

4. How long is the horizontal blanking time for one line? Where is the scanning
beam during the time corresponding to the front porch and the back porch of the
synchronizing pulse?

6. Why are the synchronizing pulses inserted during the blanking time?

6. How long is the vertical blanking time for one field? Trace the action of the
scanning beam from the beginning of vertical blanking until removal of the blanking
pulse for active scanning of picture information.

7. Show the composite video signal for five horizontal lines in seanning a pattern
with alternate black and white horizontal lines of 2 width equal to the dinmeter of
the scanning beam. Assume that the scanning beam just covers every line without
any straddling of lines.
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8. What is the limiting faetor in restricting the amount of horizontal detail that
can be transmitted in the television system?

9. In the cheekerboard pattern of Fig. 5-7, if the pattern is assumed to have 400
black and white squares in a horizontal line, what is the frequeney of the square-wave
signal variations obtained in seanning a line? The horizontal blanking time is 16
per cent of the line period.

10. What is the utilization ratio? What is a typical value for this ratio? Why
does it vary with pieture content?

11. Assuming a value of 0.8 for the utilization faetor, what would be the maximum
number of vertical details possible in the reprodueced pieture with a vertieal blanking
time of 8 per ecent?

12. For the casc of Question 11, what will be the maximum value of the total
number of picture elements in the frame? Compare the maximum possible vertieal
and horizontal resolution.

13. What is the disadvantage of increasing the total number of scanning lines to a
value greater than 525, with the highest possible video frequency remaining at 4 Me?

14. Explain what is meant by the statement that picture tubes have a gamma
charaeteristic greater than one.

16. From the reproduction of the test pattern in Fig. 5-11 ealeulate the vertical
resolution at a point on the horizontal wedge exactly midway between the 150 and 200
markers. .

16. From the reproduction of the test pattern in Fig. 5-11 calculate the horizontal
resolution at a point on the vertical wedge exactly midway between the 2.5- and 3-Me
markers in number of lines referred to the picture height. With this resolution, how
many horizontal details can be reproduced along a horizontal line?

17. From the reproduction of the RETMA resolution chart caleulate the horizontal
resolution in number of lines referred to the picture height for the vertical group of
parallel lines in the center of the picture.

18. What is the purpose of the d-c insertion at the transmitter?

19. Why are the horizontal blanking pulses wider than the horizontal synehronizing
pulses?

20. Why do the vertical retraces automatically occur within vertical blanking
time, with synchronized vertieal seanning?



CHAPTER 6

PICTURE CARRIER SIGNAL

The method of transmitting the AM picture signal is similar to the more
familiar system of sound transmission in the standard broadcast band,
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 AM picture signal! illustrated
in Fig. 6-1. The amplitude of the radiated carrier wave varies in accord-
ance with the video modulating signal, thus producing the envelope of
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Fia. 6-1. The transmitted picture carrier wave, amplitude-modulated by the com-
posite video signal.

amplitude variations in the r-f carrier that corresponds to the video
modulating voltage. The envelope of the modulated picture carrier,
then, is the composite video signal, containing all the information needed
for picture reproduction. In this way the desired camera signal, blank-
ing pulses, and synchronizing pulses are transmitted to the receiver as the
envelope of the modulated picture carrier signal. At the receiver the pic-
ture signal is detected to recover the composite video signal, which is then
used to reproduce the picture.

t The term pieture signal is used here to denote the modulated r-f carrier wave, while
video represents the signal that can be used directly to reproduce the desired visual
information when applied to a picture-reproducing tube, corresponding to audio in a
sound system.

87
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6-1. Negative Transmission. Referring again to Fig. 6-1, the modu-
lated picture carrier signal is shown with the negative polarity of trans-
mission that is standard practice for all commercial television broadecast
stations in the United States. The polarity of the video modulating
signal is purposely chosen to give the modulated r-f carrier the amplitude
characteristics shown, with decreasing carrier amplitudes for increasing
light intensities in the televised image. The tips of the synchronizing
pulses produce the peak values of r-f amplitude in the modulated carrier
wave. The pedestal level is transmitted at a constant amplitude equal to
75 per cent of the peak carrier level.  Smaller amplitudes in the modu-
lated r-f carrier signal correspond to picture information that varies
between black and maximum white, and the brightest parts of the picture
must produce a carrier amplitude that is 15 per cent or less of the peak
value.

The negative transmission is merely an arbitrarily assigned method of
transmitting the video signal that depends on the polarity of the video
modulating signal at the transmitter. The polarity must be standard-
ized, however, because it determines the sense of color values in the repro-
duced picture at the receiver. If a receiver designed for a picture signal
transmitted with negative polarity is used in a positive transmission
system all the colors in the reproduced picture will be reversed, the white
parts of the original image appearing as black in the reproduced picture
while black areas become white.

Positive transmission could also serve as the basis for transmitting the
picture signal and is used instead of negative transmission in other coun-
tries. In positive transmission, the synchronizing pulses reduce the car-
rier amplitude toward zero and the maximum white level corresponds to
the peak carrier amplitude. The choice between the two polarities of
transmission is not very definite because each has its own merit. In a
negative system any temporary increase in the signal level caused by such
interference as automobile ignition noise moves the signal amplitude
toward the black and infrablack region. In such a case the effect of the
interference in the reproduced picture is to reduce the brilliance and pro-
duce in the picture darker areas varying with the duration and amplitude
of the interference. This is not so noticeable as interference effects which
increase the brightness and produce white flashes in the picture. With
positive transmission, any increase in the picture signal amplitude caused
by interfering signals would move the carrier amplitude toward the white
level, making the interference effects very obvious in the reproduced
picture.

When negative transmission is used, the synchronization is more vul-
nerable to interference because noise pulses increase the carrier amplitude,
in the same direction as the synchronizing pulses. As a result, inter-
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fering noise pulses can be mistaken for synchronizing pulses in the receiver
circuits. However, the effect of noise on synchronization in the receiver
has been minimized by the development of stabilizing circuits that can
be controlled by the synchronizing pulses but are relatively immune to
interfering noise pulses.

The improvement in synchronization obtainable with positive trans-
mission is not considered great enough to offset the advantage of reduced
interference effects in the reproduced picture and several other benefits
provided by the negative polarity of transmission. With negative trans-
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Fia., 6-2. A plate modulation arrangement for amplitude modulation of a 100-ke
carrier wave by 1000-cps audio modulating voltage.

mission, the constant black and infrablack levels have a higher amplitude
than the varying camera signal and, therefore, can be used as the control
voltage for an automatic gain control system in the recciver with a more
simple circuit arrangement than would be possible when positive trans-
mission is used for the picture signal. Finally, there is an appreciable
advantage in power efficiency at the transmitter when negative trans-
mission is used.

6-2. Vestigial-side-band Transmission. The AM picture signal is not
transmitted as a normal double-side-band signal. Using vestigial-side-
band transmission, 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.

Amplitude Modulation. The concept of side-band frequencies can he
illustrated in terms of the simple AM system shown in Fig. 6-2, where an
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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 ke and the audio as 10,000 ¢cps. The B supply voltage for
the r-f power amplifier is assumed to be 1,000 volts and the peak value of
the audio sine-wave modulating voltage is also 1,000 volts, allowing 100
per cent modulation.

The effect of the audio voltage across the secondary of the modulation
transformer, which is in series with the B supply and the power-amplifier
plate-to-cathode circuit, is to vary the power-amplifier plate voltage at the
audio rate. When the audio voltage is zero during the modulation cycle,
the amplifier plate voltage is equal to the B supply voltage of 1,000 volts,
providing a circulating tank current in the tuned circuit and a current
induced into the antenna circuit at the unmodulated carrier level.  When
the audio modulating voltage has a value of + 1,000 volts the effective
plate voltage for the r-f power amplifier is increased to 2,000 volts to dou-
ble the circulating tank current and the antenna current.  As a result, the
carrier amplitude inereases to twice the unmodulated level at the peak of
the positive half e¢ycle of the modulating voltage. Intermediate values of
audio modulating voltage between zero and 41,000 volts increase the
amplitude of the r-f carrier wave proportionately, with the carrier ampli-
tude varying between the unmodulated level and the peak value, which is
twice the unmodulated amplitude. While the audio modulating value
decreases from its peak value of +1,000 volts to zero, the r-f amplifier
plate voltage varies from 2,000 volts back to 1,000 volts and the carrier
amplitude is reduced from its peak value down to the unmodulated level.
The audio modulating voltage then swings through its negative half cycle,
reducing the effective value of r-f amplifier plate voltage below the B supply
voltage of 1,000 volts. At the peak of the negative half cycle of the audio
modulating voltage when the audio voltage is — 1,000 volts, the r-f plate
voltage is reduced to zero and the carrier amplitude is also reduced to
zero. As the value of the audio modulating voltage varies from its nega-
tive peak back to zero the r-f amplifier plate voltage is brought back to the
B supply voltage of 1,000 volts, when the carrier amplitude is again at the
unmodulated carrier level. Thus, a complete cycle of audio modulating
voltage varies the carrier amplitude from the unmodulated level up to a
peak value equal to twice this level for a 100 per cent modulation, down
to the unmodulated carrier level, and then down to zero before returning
to the unmodulated carrier level again; while the r-f amplifier plate
voltage is varied from the B supply value up to twice the B voltage, back
to the unmodulated value, and then down to zero voltage before returning
to the unmodulated value of plate voltage equal to the B supply voltage.
With continuous audio modulating voltage the same eycle is repeated
over and over again.
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"The modulated carrier wave varies in amplitude at the audio rate, and
the varying amplitudes of the r-f carrier wave provide an envelope, which
corresponds to the audio modulating voltage.  Both the positive and neg-
ative peaks of the r-f carrier wave are symmetrical about the center axis
and have exactly the same amplitude variations, since the changes in
amplitude of the negative and positive half c¢ycles of the r-f signal are
equal when the amplitude of the carrier is varied at the much slower
audio rate. The result of the modulation in this case, then, is to produce
an r-f carrier wave at a frequency of 100 ke with an amplitude that varies
at the audio rate of 10,000 ¢ps, producing on the carrier a symmetrical
envelope that corresponds to the 10,000-¢ps audio modulating signal.

. 1Audiocycle [ L 1 Audio cycle |
1/10,000 sec 1/10,000 sec
Upper side 3
110 ke
Amplitude
Un:l:\g:!:nila:e_d \ — modulated
100 :c 1 carrer 100 ke-
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F16. 6-3. Equivalenee of the amplitude-modulated earrier to the modulated earrier
plus the two side earriers produced by modulation.

Side-carrier Frequencies. Referring now to Fig. 6-3, it is shown that
the AM wave is equal to the sum of the unmodulated r-f carrier and two
side-carrier frequencies.  The carrier and the side frequencies have a con-
stant level with the amplitude of the side carriers equal to one-half the
unmodulated carrier level, for 100 per cent modulation. Each side fre-
quency differs from the carrier by the audio modulating frequency; the
upper side frequency is 110 ke and the lower side frequency 90 ke in this
illustration. The question as to whether the transmitted signal is a car-
rier 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. Conversely, the AM carrier wave is equal
to the unmodulated carrier plus two side carriers of proper amplitude,
phase, and frequency. The equivalence of the two signals is due to the
fact that the modulated r-f carrier wave is distorted slightly from true
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sine-wave form by the amplitude variations, producing new frequency
components.  The side-carrier frequencies should not be confused with
the envelope of the modulated carrier signal. For the case illustrated
here the envelope is the audio modulating signal of 10,000 cps, while the
r-f side-band frequencies are 110 ke and 90 ke for the upper and lower side
frequencies, respectively.

Single-side-band Transmission. Since the AM signal is equal to the
unmodulated carrier plus two side carriers, the modulation energy and
information must be in the side carriers. In addition, each side carrier
contains identical modulation energy and information because they are
both of equal amplitude and differ in frequency from the carrier by an
equal amount. Therefore, it is possible to transmit the modulating signal
by means of the carrier and only one side frequency, and it does not matter

Upper side
carrier 110 k¢
Amplitude

+ modulated

= carrier of 100 ke-
Unmodulated 50% modulatior
carrier 100 ke

Fia. 6-4. Equivalence of the unmodulated carrier plus one side carrier to the ampli-
tude-modulated carrier.

whether the upper or lower side frequency is used. This is called single-
side-band transmission. The resultant modulated carrier wave is illus-
trated in Fig. 6-1 with amplitude variations that correspond to 50 per cent
modulation instead of the 100 per cent modulation produced with both
side bands.  Except for the amount of amplitude swing, the envelope of
the AM signal transmitted with only one side band can be considered the
same as with double-side-band transmission, although there is some dis-
tortion of the envelope for high degrees of modulation. The envelope is
still symmetrical about the center axis of the carrier, corresponding to the
audio modulating voltage, and is not cut off at either the top or the bot-
tom of the modulated carrier wave. In order to remove one part of the
envelope it would be necessary to rectify the modulated carrier signal.
When the carrier is modulated by a voltage that includes many fre-
quency components a band of side frequencies is produced, with a pair of
side carriers for each modulating frequency. The transmitting arrange-
ment may then allow both the upper and lower side carriers to be trans-
mitted with normal double-side-band transmission for some modulating
frequencies while transmitting only one side carrier for other modulating
frequencies, in addition to the transmitted carrier frequency. Such an
arrangement is called vestigial-side-band transmission because only part




PICTURE CARRIER SIGNAL 93

of one side band is transmitted, with all of the other side band. The
usual AM process produces the normal double-side-band frequencies plus
the carrier, but any undesired sidc-carricr frequencies can be filtered out
so that they will not be radiated from the transmitter.

6-3. The Television Chanrel. Each television broadcast station is
assigned a 6-Mc channel for transmission of the AM picture signal and the
FM sound signal. In order to accommodate the side-band frequencies
produced with video modulating frequencies as high as 4 Mec, vestigial-
side-band transmission is used for the picture signal.

Assigned Channels. Since the picture carrier frequency must be much
higher than the highest video modulating frequency of 4 Me, the televi-
sion channels are assigned in the v-h-f 30- to 300-Mc band and the u-h-f
300- to 3,000-Mc band. Table 6-1 lists the channcls and frequencies
assigned by the FCC for commercial television broadcast stations in the
United States. The television channel frequencies can be considered in
three groups: the five low-band channels 2 to 6 in the v-h-f range; seven
high-band channels 7 to 13 in the v-h-f range; and the seventy u-h-f
channels 14 to 83. Frequencies between these television broadcasting
bands are used by other radio services.

The number of channels available for television broadecast stations in
any one locality depends upon its population, varying from one ckannel in
a smaller city to nine for New York City, including v-h-f and u-h-f
channels. One channel can be used by many broadecast stations, provided
that they are separated by 155 to 220 miles in order to minimize inter-
ference between them. Stations using the same channel are co-channel
stations. 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 not assigned in the same city but
are scparated by 55 to 60 miles or more. However, channels consecutive
in number but not adjacent in frequencies, such as channels 4 and 5,
channels 6 and 7, or channels 13 and 14, can be assigned in one area.

The Standard Channel. The structure of a standard television channel
is illustrated in Fig. 6-5. 'The width of the channel is 6 Me, including the
picture and sound carriers with their side-band frequencies. The picture
carrier is spaced 1.25 Me from the lower edge of the channel, and the
sound earrier is 0.25 Mc below the upper edge of the channel. As a
result there is always a fixed spacing of 4.5 Mec between the picture and
sound carrier frequencies.!

The standard channel characteristies shown in Fig. 6-5 should not be
interpreted as an illustration of the picture signal. The graph merely

! The picture and sound carrier frequencies for all television broadcast channels are
listed in the Appendix.
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TABLE 6-1. TELEVISION CHANNEL ALLOCATIONS

Channel | Frequency band, | Channel| Frequency band,
number Me number Me
LI 42 638-644
2 54-60 43 644-650
3 60-66 44 650-656
4 66-72 45 656-662
5 76-82 46 662-668
6 82-88 47 668-674
0 174-180 48 674-680
8 180-186 49 680-686
9 186-192 50 686-692
10 192-198 sl 692-698 -
11 198-204 52 698-704
12 204-210 53 704-710
13 210-216 54 710-716
14 170-476 55 gli=gee
15 1476-482 2 722-728
16 182-488 o (s
17 188194 58 734-710
= 194-500 59 740-746
0 e s 60 746-752
20 e 61 752-758
21 512-518 ) [oaiie
22 518-524 %) gl
23 524-530 a8 770-776
24 530-536 o gl
e el 66 782-788
67 788-794
26 542-548
27 548-554 68 794-800
- s 69 800-806
29 560-566 7 806-812
- ol 71 812-818
) 72 818-824
31 572-578 !
o ey 73 824-830
33 584-590 0o S
o Pt 75 836-842
e st 76 812-818
36 602-608 77 848-854
37 608-614 78 854-860
38 614-620 gy ST
39 620-626 80 866-872
10 626-632 81 872-878
82 878-884
11 632-63
38 83 884-890

* The 44- to 50-Me band was television channel 1 but is now assigned to other
services.
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defines the signal frequencies that can be transmitted in the television
channel, with their relative amplitudes. The picture carrier is shown
with twice the amplitude of the side-band frequencies 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 picture signal, and these are not shown. The sound carrier signal
is a conventional double-side-band FM signal, with a bandwidth of
approximately 50 ke for a frequency swing of +23 ke.
Vestigial-side-band transmission is used for the picture signal.  All the
upper side-band frequencies up to 1.0

approximately 4-Me video modu- '§ g
lation are transmitted with their £ g
normal amplitude, as are all lower 05 5 é
side-band frequencies that differ _ :s
from the carrier frequency by ? /\ '§
0.75 Mec or less. Lower side- 3
carrier frequencies that differ from § 005118 2 § 5525 [
the picture carrier by more than é O,Z.?nMc 45Mc—>i
0.75 Mc but less than 1.25 Mc are < _ (2;“
gradually attenuated. The lower 210 € |
side-carrier frequencies that are £ 3 L =';;
1.25 Mc or more below the picture £ g :g
carrier fall outside the channel and & % ol ig
must be completely filtered out at e ey et Side-hand frequencies =} 3
the transmitter so that they will feauencies : _
not be radiated to interfere with 01665 Me 6725 Me 71.25Mc” 71.75)
. Mc
the lower adjacent channel. 66 Mc () 72 M¢

Upper side-carrier frequencies Fic. 6-5. The standard television channel.

more than 4 Me higher than the (@ The generalized structure for any
. . channel; (b) channel 4, 66 to 72 Me.

picture carrier frequency are also

attenuated in order to eliminate interference with the associated sound

signal.

Numerical values for channel 4 as a typieal television channel are
shown in Fig. 6-56. The channel has a bandwidth of 6 Mec from 66 to
72 Mc.  The picture carrier is 1.25 Me above the lower edge of the chan-
nel, which is 67.25 Me for this channel, while the sound carrieris 71.75 Me,
4.5 Me above the picture carrier frequency. With vestigial-side-band
transmission, the upper side-band frequencies to 71.25 Me and lower
side-band froquon( ies to 66.5 Me, approximately, are transmitted without
attenuation. As an example, when the video modulating voltage has a
frequency of 0.75 Me, both the upper and lower side frequencies of 68 Me
and 66.5 Me, respectively, are transmitted without attenuation and the
picture signal is transmitted as a normal double-side-band signal.  The
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same is true for any video modulating signal having a frequency that is
less than 0.75 Mc. For the components of the video modulating signal
with a frequency higher than 0.75 Mec, however, only the upper side car-
rier is transmitted with normal amplitude. With 2-Me¢ video modulation,
as an example, the upper side frequency is 69.25 Mc, while 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 trans
mission. The result is a vestigial-side-band transmission system where
double-side-band transmission is used for the video modulating frequen-
cies lower than 0.75 Mec and single-side-band transmission is used for the
higher video modulating frequencies up to 4 Me, approximately.

The advantage of using vestigial-side-band transmission for the picture
signal can be seen from the fact that video modulating frequencies up to
4 Mec can be transmitted in the 6-Mc channel. A video-frequency limit
of about 2.5 Mec would be necessary 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 that could otherwise be utilized
in the picture reproduction at the receiver, since the high-frequency
response of the television system limits the amount of horizontal detail
that can be obtained. 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 Mec 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 character-
istics. '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 signal frequencies, which causes smear in
the picture. The practical compromise of vestigial-side-band transmis-
sion 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.

It should be noted that the required response characteristics of the
transmitter channel distort the picture signal in terms of the relative
amplitude for different frequencies. Since a signal transmitted with only
a single side band and the carrier represents 50 per cent modulation in
comparison to a normal double-side-band signal with 100 per cent modu-
lation, the higher video frequencies provide signals with one-half the
effective carrier modulation obtained for 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
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the low video frequencies to the same extent in the i-f amplifier of the
television receiver.

6-4. Line-of-sight Transmission. Radio waves having frequencies
higher than 30 Mec are not ordinarily returned from the ionized layers of
the upper atmosphere surrounding the earth. As a result, propagation
of radio waves in the v-h-f and u-h-f 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 broad-
cast channels are in the v-h-f and u-h-f bands, transmission of the picture
and sound carrier signals is determined primarily by ground-wave
propagation.

Horizon Distance. The transmission distance that can be obtained
for the ground-wave signal is limited by the distance along the earth’s
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F1a. 6-6. The horizon distance r depends  Fia. 6-7. Plot of Eq. (6-1) showing rela-
on the antenna height h. tion between horizon distance and an-
tenna height.

surface to the horizon, as viewed from the transmitting antenna. This is
called line-of-sight transmission, and the line-of-sight distance to the
horizon is the horizon distance. As illustrated in Fig. 6-6, transmission
from an antenna with a height & is limited to the horizon distance r
because of the curvature of the earth’s surface. 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. Making
allowance for refraction, the formula for the radio horizon distance is

r =141 vh (6-1)

when h is antenna height in feet and r is the horizon distance in miles.
The graph in Fig. 6-7 is a plot of this equation showing the radio horizon
distance directly for any antenna height up to 10,000 ft.
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Figure 6-8 shows several television transmitting antennas mounted at
the top of the Empire State Building in New York City, in order to
inerease the antenna height and horizon distanee.  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

— = o - - -

B v e i
F1G, 6-8. V-h-f transmitting antennas atop the Empire State Building in New York
City.

considered.  For an antenna height of 150 ft at the receiver, as an exam-
ple, 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 transmitting and receiving antennas should be mounted as
high as possible, therefore, for line-of-sight transmission over appreciable
distances. The best signal is obtained when the receiving antenna has a
line-of-sight path to the transmitting antenna.



PICTURE CARRIER SIGNAL 99

Service Area. The practical service area of a television broadcast
transmitter is within the radio horizon distance. The strength of the
ground-wave signal decreases rapidly, however, as the distance from the
transmitting antenna increases. The service area of a television broad-
cast station is determined by computing or measuring the boundary
within which the field strength is 500 gv or more per meter with a height
of 30 ft for the receiving antenna. The 500 uv per meter contour may
extend 25 to 75 miles from the station, approximately, depending upon
the height of the transmitting antenna and the amount of radiated
power.

Reflections.  As the ground wave travels along the surface of the earth,
the radio signal encounters buildings, towers. bridges, hills, and other
obstructions.  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. Reflection of radio waves can occur at any
frequency but is produced more easily at higher frequencies, because of
the shorter wavelengths.  For the television channel frequencies between
5+ and 890 Mc the wavelengths are between 17 ft and | ft, depending on the
frequency. Objects of comparable size, or bigger, can reflect the televi-
sion 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
therefore has reduced signal strength. The shadowing effect is more
definite at higher frequencies because of the shorter wavelengths, just
like reflection of the radio waves. Reception of television signal in
shadow areas behind an obstruction like a tall building is often accom-
plished by utilizing waves reflected from other buildings nearby.

Diffraction. The radio horizon distance sets the limit for direct recep-
tion of the ground wave, considering both the transmitting and receiving
antenna heights. Iowever, the signal can be propagated a little further
than the horizon by diffraction around the edge of the earth’s surface at
the horizon. This effect depends on the terrain, though, and the signal
beyound the horizon due to diffraction decreases in strength mueh more
rapidly than the direct wave. In unusual cases that depend on atmos-
pheric conditions, the television carrier frequencies may be returned from
the ionized layers of the earth’s atmosphere to provide reception over very
long distances beyond the horizon, but this is not dependable.

Salellite Stations. In an attempt to provide satisfactory television
broadeast service to isolated communities in mountainous areas, satellite

R RO RRRRRRRRRREBRER
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or booster stations have been operated on an experimental basis. The
satellite station can be in a suitable location for receiving television signals
from a distant transmitter and rebroadcasts the program within the
assigned television channels to receivers in the local area.

6-5. Television Broadcasting. A commercial television broadcast sta-
tion includes equipment for production of the camera signal, formation of
the composite video signal, and transmission of the picture signal for
reproduction of the televised scene at the receiver. 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. At the trans-
mitter the composite video signal is amplified to the extent necessary for
modulation of the picture carrier, and the modulated picture signal is
radiated from the transmitter antenna. The studio normally includes
facilities for direct pickup of live-talent shows and motion-picture film.
In addition, field equipment may be used for remote pickups in televising
sport features and other special events outside the studio. In these cases
the video signal from the field equipment is relayed to the studio before
being broadcast. The studio location should be convenient for the talent
used in studio productions, while the transmitter must be placed where
sufficient height can be obtained for the transmitting antenna. There-
fore, the studio and transmitter are often at separate locations, connected
by means of a cable or radio link. As an illustration, studios of tele-
vision station WNBT of the National Broadeasting Company are in the
RCA Building at Radio City, New York, while the transmitter is at the
Empire State Building about 1 mile away.

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 three cameras are generally employed to provide close-ups or
wide-angle views for long shots and allow switching from one scene to
another. Each camera has a turret with lenses of different focal length,
or a Zoomar lens is used. The Zoomar is a telephoto lens of variable
focal length which can easily be adjusted for quick close-up shots, while
maintaining correct focus. Image orthicon cameras are generally used.
The camera is mounted on a movable pedestal or dolly for flexible move-
ment over the studio floor. The camera head is set on a universal mount-
ing, which permits tilting up and down or movement horizontally for
panning across the scene to obtain a panoramic view. Lamps mounted
on the front of the camera are turned on from the studio control room,
serving as tally lights or cue lights to indicate which camera is in use.
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Televising Motion-picture Films. A separate small studio is employed
for televising film. Projectors are available for 35- and 16-mm motion-
picture film and for slides, which can be used for titles, station identifica-
tion, and commercial 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.

A problem in televising standard commercial motion-picture film is the
fact that the frame repetition rate for the film is 24 per second, while the
scanning procedure in television requires 30 frames and 60 ficlds per
second. The film cannot simply be run through the projector at the rate
of 30 frames per second instead of 24, since the increased film speed would
make motion in the scene appear unnatural and the sound reproduction
from the sound track would be distorted. When motion-picture film is
televised, therefore, 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 the normal 18.  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
material to many broadcast stations, or to transeribe 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 33-mm motion-
picture film, and the audio signal is recorded on the sound track, to
transcribe the program 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. As
another transcription method, the use of tape recording is being devel-
oped to make it possible to record the composite video signal corre-
sponding to the picture, so that the kinescope film recording will not be
necessary.

Camera Chain. A single chain includes one camera with its control
equipment. Figure 6-9 shows two image orthicon cameras, the two
camera control units, and associated equipment needed for both camera
chains. The portable suitcase-type units are convenient for remote
pickups in the field but they 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 enough 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 pro-
vides remote control of gain, black level, beam current, target voltage,
and electrical focus in the camera tube. Optical focus is varied by the
cameraman.
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Camera Control, Monitoring, Swilching, and Miring. The general
arrangement for studio operations requires several live-camera chains to
provide video signal for different views of the scence; at least one film-
camera chain for televising motion-picture films; a central switching sys-
tem to seleet the desired signal; the master control with its monitor to
cheek the on-the-air video signal and the video line amplifier at the studio,
which provides video signal with an amplitude of about 5 volts peak to
peak for the line from the studio to the transmitter.  In addition to

IMAGE ORTHICON CAMERA IMAGE ORTHICON CAMERA
! WITH TELEPHOTO LENS

N v |
@ "
SWITCHING! [
5 AT | SYSTEM |
CAMERA | [ MASTER
_CONTROLS| [MONITOR|

'Y
__ ____ [REGULATED POWER [PULSE | | PULSE
POWER DISTRIBUTION BOX| SUPPLIES | |SHAPER| |FORMER

Fig. 6-9. Portable field equipment for two camcr;cl;;i"n;.- (RC_A.).

selecting the desired signal, the central equipment ineludes facilities for
distributing syne signals and operating power for all the camera chains.
Fach camera chain has a control unit, which consists mainly of a monitor
and remote-control circuits for the camera. The monitor includes a
kinescope that reproduces a high-quality picture from the video signal
produced by the camera chain and an oscilloscope to observe signal wave
shapes.  As the operator views the televised scene and the monitor, the
picture quality is monitored by setting the gain, maximum black level,
pedestal level, shading if necessary, and other adjustments. Black
peaks in the camera signal are generally set 5 to 10 per cent from blanking,
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which is called the black setup interval, to facilitate clamping at the
pedestal level for d-c restoration.

Mixing and switching facilities are provided to switch quickly between
cameras, fade out smoothly to black just before another camera is switched
in, or to mix the pictures from two cameras for a brief period in a lap-
dissolve transition just beforc one camera is cut off. Many other optical
effects in the reproduced picture can be obtained by camera mixing.
Also, brightness effects can be produced by adjusting the pedestal level.
Interphone communication is provided for the personnel producing the
program, including the camera operator, video control operator, audio
console operator, technical director, and program director.

Synchronizing Signal Generator. The syne generator consists of two
main sections: the pulse former that produces the pulses at the correct
frequency and the pulse shaper to provide the standard waveforms
required for the horizontal, vertical, and equalizing pulses. All the
pulses are derived from a master oscillator in the pulse-forming unit,
which operates at the equalizing pulse frequency of 31,500 cps. Fre-
quency dividers are used to produce 15,750-cps pulses, which is 14 X
31,500, and 60-cps pulses in steps of ¢ X 16 X 14 X 14 of 31,500. The
master oscillator can be locked in phase with the 60-cps a-¢ power line or
operate independently as a crystal-controlled oscillator. A typical syne
generator produces the following output signals:

1. Kinescope blanking signal. 'This consists of the horizontal and ver-
tical blanking pulses used to black out the retraces in the picture tube at
the receiver. At the studio, the kinescope blanking signal is coupled to
a control amplifier, where the camera signal and blanking pulses are
mixed to form the semicomposite video signal.

2. Synchronizing signal. This is the sync for the receiver, including
equalizing, horizontal, and vertical pulses with standardized timing and
wave shapes. At the studio, this synchronizing signal is added to the
semicomposite video signal in a control amplifier after the kinescope
blanking has been added and the pedestal level set.

3. Vertical driving signal. This consists of pulses for synchronizing the
vertical deflection generator in each camera at the vertical scanning fre-
quency of 60 eps.  These pulses are also used for vertical blanking in the
camera.

4. Horizontal driving signal. This consists of pulses for synchronizing
the horizontal deflection generator in each camera at the horizontal
scanning frequency of 15,750 cps. These pulses are also used for hori-
zontal blanking in the camera. The driving pulses are slightly nar-
rower than the kinescope blanking pulses.

5. Oscilloscope driving signal.  This consists of pulses at half horizontal
(7,875 cps) and half vertical (30 c¢ps) frequencies to synchronize the
internal saw-tooth generators in the monitor oscilloscopes at the studio.
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Thus, oscilloscope wave shapes are available that include signals for two
horizontal lines, or two fields, locked in to provide a stationary pattern.

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 broadeast over a network, each station in the network receives
the program signal by means of intercity relay links and then uses the
relayed video signal as a program source to produce the standard AM
picture signal broadcast in its assigned channel for the receivers in the
area. The map in Fig. 6-10 indicates relay facilities throughout the
country for intercity networks. Television relaying is done by cable and
radio relays. Cable relaying over long distances is generally accom-
plished by means of special coaxial conductors in a cable, althongh ordi-
nary telephone-wire pairs can be used with special terminal equipment
for distances of 1 to 2 miles. With cables or telephone line, the composite
video signal is relayed. The very wide range of video frequencies that
must be conveyed without distortion makes cable relaying of television
programs difficult, compared with audio signals, resulting in the common
use of radio relaying for television. Radio relays use microwave trans-
mitters and receivers, operating in the range of 7,000 Mc. FM is gen-
erally used to transmit the picture signal by radio relay but this is con-
verted to the standard AM picture signal broadcast by the station in its
assigned channel. For intercity radio relays, repeater stations including
a microwave receiver and transmitter are mounted on high points of the
terrain for maximum line-of-sight transmission distance, spaced about 20
to 35 miles apart.

Television Transmitters. The block diagram in Fig. 6-11 illustrates a
typical transmitter for the picture signal. For frequency stability, a
crystal oscillator at about 4 to 8 Mec is used to generate the carrier signal.
Frequency-multiplier stages are necessary, therefore, to produce the
assigned carrier frequency. The oscillator and multiplier stages form
the carrier generator section of the transmitter. Asnoted previously, the
assigned picture carrier frequency is 1.25 Me above the low end of the
television station’s broadecast channel. However, the exact picture car-
rier frequencies for different stations on the same channel are offset from
each other by + 10 ke, in order to reduce the effect of interference between
co-channel stations. This system is called off set carrier operation. After
the desired carrier frequency has been obtained, the signal is coupled to an
intermediate power amplifier that drives the final stage, both usually
operating straight through without any frequency multiplication.

The modulation follows along the lines of conventional AM trans-
mitters, with the video signal coupled to an r-f amplifier stage to produce
amplitude modulation of the transmitted carrier signal. lHigh-level
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modulation can be used, the video signal modulating one of the r-f power
stages, or low-level modulation can be employed by coupling the video
modulating voltage to an r-f amplifier stage operating at a low power
level. The d-¢ component indicating the average brightness of the scene
is inserted in the video signal to line up the pedestals in the modulated
carrier wave because increased transmitter efficiency is obtained with a
constant peak carrier level. The modulation produces double side bands
but the modulated picture signal is then coupled to a vestigial-side-band
filter, which removes the lower side-band frequencies that are outside the
assigned channel.  As an alternate method, if the r-f amplifiers are tuned
to filter out the undesired side-band frequencies, the vestigial-side-band
filter is not necessary.

Carrier generator GULCD
Crystal Frequency multipliers | | lnt%ron‘:v%c:late N &i)cvaér _,l'"_-ﬂ}
AT and r-f amplifiers amplifier amplifier | ==
Vestigial
+ & sideband
filter
Plate Bias )
supply supply Direct coupled to r-f
7 7 amplifier for high or low
5 level modulation
Composite
video . . - Video
s__)ignal from Video line amplifiers modulator
studio
. D-C
To monitor restorer

Fia. 6-11. Block diagram of television transmitter for picture signal.

Finally, the modulated picture signal, without the undesired lower
side-band frequencies outside the channel, is radiated by the transmitting
antenna. The same antenna is generally used for transmitting the broad-
cast station’s AM picture signal and FM sound signal. A diplerer unit
couples both signals to the common antenna, while isolating the picture
signal transmitter from the sound signal transmitter. The FM sound
transmitter includes a carrier generator similar to the picture signal
transmitter, to produce the assigned sound carrier frequency 4.5 Mec
higher than the picture carrier, and audio facilities for frequency modu-
lation of the sound carrier with a maximum frequency swing of +25 ke.
The tolerance for the picture or sound carrier frequency is #0.002 per
cent. The peak r-f power output of a typical picture or sound signal
v-h-f transmitter is 1 to 50 kw. However, the effective radiated power
can be higher because it includes the gain of the transmitting antenna.
The minimum effective radiated power specified by the FCC for a popula-
tion of one million or more is 50 kw, with a transmitting-antenna height
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of 50 ft above average terrain. For areas with a population under
50,000 the minimum effective radiated power is approximately 1 kw.
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,
REVIEW QUESTIONS

1. How is the composite video signal transmitted to the receiver?

2. What is meant by negative transmission of the picture signal? Give one
advantage and one disadvantage of negative transmission.

3. In negative transmission what is the amplitude of the modulated picture carrier
when the maximum white parts of the image are being scanned?  What is the ampli-
tude of the black reference level?

4. Define briefly the method of vestigial-side-band transmission. Why is it used
in television broadcasting?

6. A video signal frequency of 3 Me modulates the picture carrier for channel 2,
54 to 60 Mc. What carrier and side-carrier frequencies are transmitted?

6. Draw a graph showing the frequencies transmitted in channel 14, 470 to 476 Me,
indieating the picture and sound carriers and their frequency separation.

7. Give an example of adjacent channel television broadecast stations and an
example of co-channel stations.

8. Why is reflection of the transmitted carrier wave a common problem with the
picture signal in television but not in the radio broadeast band of 535 to 1,605 ke?
What is the effect in the reproduced picture of multipath signals caused by reflections
of the picture carrier wave?

9. List the main equipment units for three camera chains, including two image
orthicon cameras for live-talent studio programs and one iconoscope film eantera.

10. List at lcast three technical operations in producing television studio programs,




CHAPTER 7

FREQUENCY MODULATION

The sound associated with the picture is transmitted on a separate
carrier as a frequency-modulated signal. Frequency modulation has
many advantages over the conventional amplitude-modulation system,
and there is easily enough space in the 6-Mc television channel for the
FM sound signal. For broadcasting the picture signal in the standard
television channel, however, AM is used in preference to FM mainly
because multipath reception of FM picture signals produces severe dis-
tortions in the picture.

7-1. Modulation. The process of modulation means that some char-
acteristic of an r-f carrier current, or voltage, is made to vary in step with a
modulating voltage that contains the desired information. Taking the
audio voltage for the associated sound as an example of the desired
signal, the audio voltage itself cannot be transmitted efficiently because its
frequency is too low. By the process of modulation the audio voltage is
made to vary some characteristic of a higher frequency wave, which can
then act as a carrier for the lower frequency signal containing the audio
intelligence needed at the receiver for reproduction. The desired infor-
mation is recovered at the receiver by the detector, which demodulates the
carrier signal.

The basic characteristics of any high-frequency voltage or current to be
used for the carrier are its amplitude, frequency, and phase. Therefore,
the carrier can be modulated by having the modulating voltage vary the
amplitude of the carrier, its frequency, or its phase. With the carrier
amplitude varying in step with the amplitude of the modulating voltage,
the result is amplitude modulation, or AM. When the instantaneous
frequency of the transmitted carrier varies with the amplitude of the
modulating voltage the result is frequency modulation, or FM. If the
instantaneous phase angle of the transmitted carrier is made to vary with
the amplitude of the modulating voltage the result will be phase modu-
lation, or PM.

7-2. An FM Circuit. Frequency modulation can be accomplished by
the wobbulator circuit illustrated in Fig. 7-1. The inductance L and
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capacitance C form the tuned circuit for the Hartley oscillator. The
frequency of the oscillator is determined by the resonant frequency of the
tuned circuit, being equal to 1/(2r+/LC). In parallel with the tuned
circuit is a variable air condenser, the capacity of which can be varied

Oscillator tube

1

Motor-driven

Qll

Oscillator
tuned circuit

|
N

L B*

Fi1c. 7-1. The wobbulated oscillator. The shaft of the variable air condenser C; is
mechanically coupled to a motor to make the condenser rotate in and out of mesh to
change the frequency of the oscillator.

by moving the rotor plates in and out with respect to the stator plates.
The shaft of this trimmer condenser is driven by a motor to rotate the
plates in and out of mesh.  Assuming that the frequency of the oscillator
is 100 ke with the trimmer condenser halfway in mesh, the oscillator fre-
quency varies above and below this center frequency of 100 ke as the
capacitor is driven in and out of

mesh. With the trimmer condenser fe
completely in mesh, the added capacity I
in the tuned circuit is maximum and

the output from the oscillator is at

its lowest frequency. With the trim-

mer all the way out of mesh, the fre-
quency of the oscillator is at its
highest value. For values of capac-

ity between the two extremes, the |
oscillator frequency varies continu- E ' i ! i
ously between its highest and lowest 100k 120k 100k 80ke  100ke
values around the center value of Fig. 7-2. An FM signal. The ampli-

1 cycle |
1/100 second

(———— —

100 ke. tude is constant, but the instan-
q taneous frequency changes con-
If the time for one complete rev- tinuously.

olution of the trimmer condenser is

taken as Y{oo sec, the r-f output of the oscillator will appear as in Fig.
7-2.  The amplitude remains the same at all times but the frequency is
changing continuously, with the instantaneous frequency being wobbled
around the center carrier frequency. Starting from rest position when
the trimmer condenser is half in mesh, the output frequency is at its
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center value of 100 ke.  As the capacity of the trimmer is reduced by
moving the rotor plates more and more out of mesh, the frequency is
increased until it reaches its highest value of 120 ke, at the time when
the condenser is all the way out of mesh. Now the condenser is brought
back to its middle position with the plates halfway in mesh, as at the
start, and the oscillator frequency is brought beck to its center fre-
quency of 100 ke. For the next half cycle the capacity of the trimmer
condenser is greater than its middle value, and the frequeney of the
oscillator is continuously decreased to its lowest value, 80 ke, before
returning to the center frequency of 100 ke. This completes one cycle,
which takes Yoo sec. During this time the osallator frequency was
continuously changing from the center frequency of 100 ke, up to its
maximum value of 120 ke, then down to 100 ke &gain, then decreasing
further to its minimum value of 80 ke, to return finally to center fre-
quency. The rate at which this cycle is repeated is the frequency of the
shaft rotation, which is 100 revolutions cr cycles per second in this illus-
tration. The amount that the frequency changes from the center value
depends on the amount of capacitance change in tl.e trimmer and is £ 20
ke in this example. The amount of frequency swing can be made any
amount and has no relation to the repetition rate.

This mechanical wobbulator method of producing FM has applications
in some FM signal generators and automatic freqiency-control circuits.
However, it is not readily adaptable for modulating the carrier with a
voltage of varying amplitude and frequeney, suca as the audio signal.
The same effect can be accomplished with an electronic arrangement, such
as a reactance-tube modulator across the oscil’ator-tuned circuit, instead
of the rotating condenser. The audio modulating voltage is applied to
the reactance tube to change its reactance at the au lio rate which, in turn,
varies the oscillator frequency. The basic idea is the same as in the
wobbulator, with the instantaneous frequency wobbled around the center
frequency at the frequency of the audio modnlating voltage. The
amount that the frequency changes from its center value varies directly
with the amplitude of the audio modulation voltage because this decides
the magnitude of the frequency change.

7-3. The FM Signal. The FM signal is illustrazed in Fig. 7-3 for four
cases of audio modulating voltage. Assume that 10 peak volts of audio
modulation produce a frequency change of 20 ke with a 100-ke carrier.
For the 1,000-cycle audio voltage of a it is showa that the output fre-
quency swings between 80 and 120 ke at a rate of 1,000 cps. The fre-
quency of the transmitted signal is 100 ke when the audio modulating
voltage is at its zero value because this is the carrier frequency with no
modulation. With modulation, the transmitted frequency continuously
varies in value between the values of 100 + 20 ke. If the frequency
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increases for positive values of modulating voltage, it will decrease for
negative values. Thus, for the positive half cycles of audio the instan-
taneous frequency increases from 100 ke to the maximum value of 120 ke,
with intermediate frequencics between 100 and 120 ke for values of audio
voltage between 0 and 410 volts. For the negative half cycles the out-
put frequency varies between 100 and 80 ke as the audio voltage varies
between 0 and —10 volts.
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Fia. 7-3. The effect of the audio modulating voltage on the instantancous frequency
of the FM signal.

For the audio voltage shown in b the amount of frequency change is the
same because the amplitude of audio is the same 10 volts. However, the
rate at which the transmitted signal goes through its complete fre-
quency swing is now 2,000 cps because of the 2,000 cps audio modulating
voltage. Note that the carrier modulated by 2,000 cps audio voltage goes
through two complete cycles of frequency swing while the carrier modu-
lated by 1,000 cycles goes through one complete cycle. A complete cycle
of frequency swing is from the center frequency up to maximum, down
to the middle frequency, decreasing to the lowest frequency value, and
returning to center frequency.
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For the audio modulating voltage shown in ¢ the maximum frequeney
change is now only 10 ke instead of 20 ke, because the peak value of the
audio is 5 volts instead of 10. The rate at which the output signal swings
about 100 ke is 1,000 cps.  For the modulating voltage of d the maximum
frequency change is still 10 ke for 5 volts audio. However, the repetition
rate is 2,000 complete swings per second, which is the audio frequency.

The amount of frequency change in the transmitted carrier varies with
the amplitude of the audio and should not be confused with the audio
frequency. The frequency of the audio modulating voltage is the rate at
which the carrier goes through its frequency swings.  This determines the
pitch of the sound as it is reproduced at the receiver. The amount of
audio voltage determines the amount of frequeney swing, and this deter-
mines the intensity or loudness of the sound reproduced at the receiver.
These characteristics of M are summarized in Table 7-1.

TaBLE 7-1. ComprarisoN oF FM axp AM SianaLs

FM
Carrier amplitude constant
Carrier frequency varies with modulation
Modulating-voltage amplitude change
determines amount of frequency change
of carrier

AM
Carrier amplitude varies with modulation
Carrier frequency constant
Modulating-voltage amplitude change
determines amount of amplitude
change of carrier

Modulating frequency is rate of frequency
change of carrier

7-4. Definition of FM Terms.!
connection with FM:

Center Frequency. This is the frequency of the transmitted carrier
voltage or current that is present when there is no modulation and is the
output frequency at the time when the modulating signal voltage is at its
zero value. It is also called rest frequency since this is the transmitted
frequency when the modulating system is at rest.

Frequency Departure. This states the instantancous change of the
transmitted signal frequency from the center frequency. For instance,
if a transmitted carrier wave having a center frequency of 100 ke is
changed to 110 ke by the modulating voltage, the frequency departure is
10 ke. The frequency departure results from modulation, and the
amount of frequency change varies with the amplitude of the modulating
voltage.

Frequency Deviation. The maximum frequency departure from center
frequency, at the peak value of the modulating voltage, is the frequency
deviation. As an example, an audio modulating voltage having a peak
value of 5 volts might produce the frequency departure of 10 ke when the
modulating voltage amplitude is 1 volt, 20 ke at 2 volts, and 50 ke for the

Modulating frequency is rate of ampli-
tude change of carrier

The following terms are used often in

1 Institute of Radio Engineers, Standards on Reeeivers: Definitions of Terms, 1952.
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peak value. The frequency deviation in this case is 50 ke. Instantane-
ous values of the audio modulating voltage smaller than the pesk values
produce frequency departures less than the deviation. The amount of
frequency deviation depends on the peak amplitude of the audio modu-
lating voltage.

Frequency Swing. With equal amounts of frequency change above and
helow center, the amount of frequency swing is twice the deviation. As
an example, when the audio modulating voltage has a peak amplitude on
cither its positive or negative half cycle of 5 volts to produce a frequency
deviation of 50 ke, the frequency swing is +50 or 100 ke. The amount
of frequency swing depends on the amplitude of the audio modulating
voltage, just like frequency departure and deviation.

Per Cent Modulation. 'This term, as applied to I'M, means the ratio
of the actual frequency swing caused by modulation to the amount of
frequency swing arbitrarily defined as 100 per cent modulation, expressed
in per cent. For commercial FM broadcast stations, +75 ke is defined
by the FCC as 100 per cent modulation. For the aural or sound trans-
mitter of commercial television broadcast stations, 100 per cent modula-
tion is defined as +25 ke.  If, for example, the audio modulating voltage
for the associated sound signal in television produces a frequency swing
of +15 ke, the per cent modulation is 1345, or 60 per cent. Less swing is
used for the FM sound in television, compared with FM broadcasting, so
that the response of the sound i-f circuits in the receiver can be made
broader than the bandwidth of the signal, in order to minimize the prob-
lem of tuning in the sound with the picture.

The percentage of modulation varies with the intensity of the audio.
For weak audio signals the audio voltage is small and there is little fre-
quency swing with a small per cent modulation. Audio voltage is greater
for the louder signals and there is more frequency swing, producing a
higher percentage of modulation. The frequency swing produced for the
loudest audio signal should be that amount defined as 100 per cent modu-
lation. In FM, 100 per cent modulation is only an arbitrarily defined
point, rather than an absolute maximum that cannot be exceeded without
distortion, as in an AM system. In addition, the per cent modulation is
not an absolute value in FM, but depends on the amount of frequency
swing defined as 100 per cent.

Modulation Inder. 'The ratio of the amount of frequency deviation to
the frequency of the modulating voltage is defined as the modulation
index. This is stated as a fraction or a whole number, rather than in per
cent.  Forexample, if a 25-ke frequency deviation is produced by a 5,000-
cycle audio modulating voltage, the modulation index is 25,000/5,000, or
5. The modulation index is useful in determining the distribution of side
bands in the FM signal.
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Deviation Ratio. This is the ratio of the maximum amount of fre-
quency deviation to the highest audio modulating frequency. As exam-
ples, the deviation ratio in the FM broadeast band is 75,00/15,000, or 5;
for the FM sound in television it is 25,000/15,000, or 1.67.  The deviation
ratio is important because it dctermines the bandwidth requirements of
the FM system.

7.5. Reactance-tube Modulator. A common method of producing
FM directly is the system of varying the frequency of an oscillator by
means of a reactance tube, as illustrated in Fig. 7-4. The oscillator can
be of any type except crystal-controlled. Similar to the variable trimmer
condenser in the mechanical wobbulator arrangement of Fig. 7-1, the
plate-to-cathode circuit of the reactance tube is in parallel with the

Frequency
Reactance : > modulated

r-f output

'I.P ,'_i-L +-I-

Fic. 7-4. Reactance-tube modulator for producing FM. The quadrature network
R\C,, tuned circuit LC, and plate-to-cathode circuit of the reactance tube are effec-
tively in parallel, with the voltage E across all three branches, since the coupling con-
denser C. and cathode condenser bypass have no appreciable reactance at the oper-
ating frequency.

oscillator-tuned circuit. The basic idea of the reactance-tube modulator
is the same as the motor-driven wobbulator, with the reactance tube sub-
stituted for the reactance of the variable trimmer condenser to vary the
oscillator frequency. Since the fundamental characteristic of any reac-
tance is that the current flowing through such a circuit element be 90° out
of phase with the voltage across it, this same effect can be achieved in the
reactance tube to provide the required reactance. Whatever reactance
the plate-to-cathode cireuit of the reactance tube may have is in parallel
with the oscillator-tuned circuit and affects the frequency of the oscillator.

The reactance tube can be made to appear either as a capacitance or an
inductance. When the plate-to-cathode voltage lags the plate current,
the tube appears as a capacitance in parallel with the tuned circuit.
When the plate-to-cathode voltage leads the plate current, the tube is in
effect an inductance. When the amount of inductance or capacitance is
changed the frequency of the oscillator is changed. Since the amount of
reactance added by the reactance tube depends upon its transconduct-
ance, the injected reactance can be made to vary at the audio rate by
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applying the audio modulating voltage to the control grid of the reactance
tube. In this way, the r-f output of the oscillator is made to vary above
and below rest frequency by an amount proportional to the amplitude of
the modulating voltage. The repetition rate of the frequency swings is
the audio modulating frequency.

The schematic diagram in Fig. 7-4 illustrates the circuit for a reactance-
tube modulator. The tube shown is the 61.7 pentagrid mixer, which is
convenient because it has two control grids.  One grid can be used for the
audio modulating voltage and the other for feedback voltage from the
plate. The R;C; branch is connected across the plate-to-cathode circuit
of the reactance tube to provide the feedback voltage from plate to grid
that makes the tube appear as a capacitive reactance. The voltage
across I, is the feedback voltage and must be in quadrature (99° out of
phase) with the plate-to-cathode voltage. The capacitance '; is made
small enough so that its reactance at the center frequency is about ten
times the resistance of ;. This makes the branch circuit of 2, and €,
in series with each other a capacitive circuit. The current that flows in
this branch, therefore, leads the voltage I across it by 90°. The voltage
across I; is of the same phase as the current, leading ¥ by 90°, because
voltage and current are in phase with each other in a resistive element.
This voltage across I, is coupled to the control grid of the 61.7 tube to
produce a component of plate current of the same phase also, since the
plate current varies in step with the control-grid voltage. Thus, the
plate current through the tube leads the plate-to-cathode voltage /£ by
90°, and the tube appears as a capacitive reactance across the oscillator-
tuned circuit. Tosummarize the phase relations, the current and voltage
for R; lead E by 90° because R,C; is a capacitive quadrature network.
The plate current through the reactance tube also leads £ by 90°, since
the plate current varies in phase with the control-grid voltage. There-
fore, the plate current leads the plate-to-cathode voltage ¥ by 90° and the
reactance tube is capacitive.

Assume now that the tube is operating with a fixed amount of bias, and
with no audio signal voltage coupled to the control grid. There will be a
certain amount of plate current as determined by the transconductance
of the tube, gm, which depends on the bias. The plate current is of the
same phase as the feedback voltage across R;, and both lead the plate
voltage by 90°. This makes the reactance tube appear as a capacitive
reactance across the tuned circuit, and the oscillator operates at a center
frequency—determined by the L and C of the tuned circuit and the paral-
lel capacitive reactance of the reactance tube. When audio modulating
voltage is applied to the control grid, the bias and the g. of the tube are
varied at the audio rate. For the positive half cycle of audio the bias is
made less negative and the transconductance of the reactance tube
increases. For the negative half cycle the bias is made more negative and
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the transconductance deereases.  Therefore, the effect of varying the gn
of the tube is to vary the amount of quadrature plate current through
the tube.

If the amount of quadrature current through the reactance tube
changes, its reactance must be differeut.  This new value of reactance in
parallel with the tuned circuit changes the output frequency of the oscil-
lator. Physically, this apparent reactance may be regarded as the reac-
tance tube’s effect of injecting more current into either the inductive or
the capacitive branch of the tuned circuit, which oscillates with maximum
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Fia. 7-5. Quadrature networks for a reactance tube,

amplitude at the frequency for which the inductive-branch current equals
the capacitive-branch current. 1f the reactance tube’s plate current
leads the plate voltage, which is of the same phase as the parallel voltage
across the oscillator tank circuit, more current will flow in the capacitive
leg because the capacitive-branch current is also leading the tank voltage.
As a result, the tuned circuit will oscillate with maximum amplitude at a
new lower frequency that makes the currents in the capacitive and induc-
tive legs equal. For a smaller amount of leading current in the parallel
reactance tube the current in the capacitive leg of the tuned circuit
decreases, and the tuned circuit oscillates at a higher frequency to equalize
the currents in the capacitive and inductive branches.

Four possible quadrature networks are shown in Fig. 7-5. In all cases
the impedance of the grid-to-plate element must be at least ten times the
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impedance of the grid-to-cathode element, to make the grid feedback volt-
age approximately 90° out of phase with the plate-to-cathode voltage and
thus obtain a quadrature component of plate current. Because such a
quadrature network is always associated with the reactance tmbe, it is
sometimes called a quadrature tube. The amount of reactance injected is
in parallel with the tuned ecircuit of the oscillator, thus changing its fre-
quency. As the audio modulating voltage varies the transconductance
of the reactance tube, the amount of injected reactance changes and the
frequency of the oscillator departs from center frequency in step with the
modulating voltage. The amount of frequency departure depends on the
amount of change in ¢gm, which varies with the amplitude of the audio
modulating voltage, and the repetition rate of the frequency swings is the
same as the audio modulating frequency. It should be noted that the
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Fia. 7-6. In phase modulation the amount of phase-angle swing varies with the audio
amplitude,

reactance tube need not have two control grids, since the quadrature feed-
back voltage and the modulating voltage can be coupled to the control
grid and cathode.

The reactance-tube modulator system provides a method of obtaining
FM directly with relatively wide frequency swings. A basic character-
istic of this method, however, is that the average frequency of the oscil-
lator tends to drift. A crystal-controlled oscillator for stabilizing the
center frequency cannot be used in parallel with the reactance tube
heeause the frequency stability of the crystal is so great that it would keep
the oscillator frequency from changing enough to produce any appreciable
amount of direct FM.

7-6. Phase Modulation. The characteristic of phase modulation com-
pared to a direct FM system such as the reactance tube is that a crystal-
controlled oscillator can be used for exeellent stability of the center fre-
quency.  Although the oscillator is erystal-controlled, its output can be
varied in phase.  The basic prineiple is the same as in FM or AM., in that
some characteristic of the carrier is made to vary in step with the audio
modulation.  In PM the phase angle of the transmitted carrier is shifted
with respect to its phase at rest by an amount proportional to the ampli-
tude of the audio modulating voltage. This is illustrated in Fig. 7-6.
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At zero audio voltage there is no change in phase. The zero angle
represents the phase of the carrier at rest, without modulation, which is
the phase-angle reference. At the positive peak amplitude of the audio
voltage, there is the maximum change of phase angle in one direction.
The negative audio voltage peak produces maximum change of phase
angle in the opposite direction. As a result, the amount that the phase
angle changes from rest varies with the amplitude of the audio modulating
voltage, and the repetition rate of the phase-angle swings is the audio
frequency.

Equivalent FM. 'The continuous change in phase angle is equivalent to
a change in frequency because there can be no change in one without a
change in the other. A wave with a given phase angle can have any
value of frequency, and its frequency is fixed so long as the phase angle is
constant. Anytime there is a change in phase, though, it is equivalent to
a change in frequency. This is illustrated in Fig. 7-7, in which the first

NN
3% Fia. 7-7. A change in phase is equivalent
~e0® M Ul to a change in frequency.

First cycle —————=ta—Second cycle

cycle is drawn for a phase angle of 60° between the waves a and b and the
second cycle for an angle of 30°. The change in phase angle of b with
respect to a corresponds to an equivalent change in frequency for wave b,
since the time for a complete cycle has changed. Therefore, the result of
PM is an equivalent FM signal.

The equivalent FM produced as a result of PM is very similar to direct
FM, such as the output of a reactance-tube modulator, in that the fre-
quency of the transmitted signal departs from the center frequency in
step with the audio modulating voltage. The amount of frequency
departure due to PM is f X A6 where f is the audio modulating frequency
and is the frequency of the phase swings. The change in phase angle A8
is the amount of phase departure, in radians. One radian is equal to
57.3°.  As a numerical example of the amount of equivalent FM pro-
duced by a change in phase, assume that the phase departure of the r-f
carrier wave is 30°, as determined by the amplitude of the audio modulat-
ing voltage. This phase-angle departure is 30/57.3, or 0.52, radian. The
repetition rate of the phase swings is assumed as 1,000 cps, which is the
audio modulating frequency. The amount of frequency departure due
to ’M in this example, therefore, is 1,000 eps X 0.52, or 520 cps.

An important distinction between PM and direct FM, however, is that
in FM the amount of frequency departure is proportional only to the
amplitude of the modulating voltage, whereas in PM the equivalent FM
departure is proportional not only to the amplitude but also to the fre-
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quency of the audio modulating voltage.  For instance, if the frequency
departure in FM is 10 ke for a given amplitude of the audio signal, the
departure is 10 ke for every other audio frequency having the same ampli-
tude. In PM, though, the equivalent frequency departure with 10,000-
cycle audio modulation would be 10 times greater than at 1,000 cycles if
the audio amplitude and the amount of phase-angle departure were the
same for the two signals.

Predistortion. In order to compensate for the great inequality in per
cent modulation for audio signals having the same intensity in PM it is
common to insert a predistortion network between the phase modulator
and the souree of audio modulating voltage. An RC or RL cirenit can be
used as an audio corrector to provide for the phase modulator an audio
voltage that is inversely proportional to frequency. This inverse fre-
quency effect cancels out the frequency factor that makes the amount of
equivalent frequency departure proportional to the modulating fre-
quency in PM. The result is an FM signal whose frequency departure
depends only on the amount of phase departure which, in turn, is propor-
tional only to the amplitude of the audio modulating voltage. For exam-
ple, if 1,000- and 10,000-cps signals of equal amplitude are to be used for
modulating the carrier, the predistortion network will provide for the
modulating grid of the phase modulator an audio voltage of 0.1 volt for
the 10,000-cycle signal if its output is 1 volt for the 1,000-cycle audio.
Thereafter the two signals are on equal terms so far as their effectiveness
in producing frequency departure is concerned.

The amount of frequency departure still varies with the intensity of the
audio modulating signal but, with audio correction, signals of all audio
frequencies are equally effective in determining the frequency departure
of the transmitted signal. Therefore, the PM refers only to the modula-
tion method, since with predistortion of the audio modulating valtage the
transmitted signal is FM. Many FM transmitters use a PM medulator,
instead of a direct FM system such as the reactance-tube modulator.
Phase modulation of a crystal-controlled oscillator allows greater stability
of the center frequency, but the amount of equivalent FM produced is
relatively small, requiring the use of frequency-multiplier stages to
increase the frequency swing.

7-7. Side Bands in FM. The FM signal, like an AM signal, can be con-
sidered in terms of its side-band frequencies. The side-carrier frequencies
are symmetrical above and below the carrier, and differ from the carrier
by the modulating frequency, just asin the AM signal. In AM the upper
and lower side-carrier frequencies will be 110 and 90 ke, respectively, if
a 10,000-cps audio voltage modulates a 100-ke carrier as deseribed
previously in See. 6-2. Iowever, while there is only one pair of side
bands possible in AM, there may be higher orders of side-band frequencies

O
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in FM. For the same modulation example, the side-band frequency dis-
tribution around the carrier contains lower side frequencies of 70, 80, and
90 ke, with upper frequencies of 110, 120, and 130 ke if the second- and
third-order side bands have appreciable amplitude also, as they can in
FM. The side-band frequencies, whether one pair or more, and whether
AM, FM, or PM, are often called the modulation product, since they are
due to modulation. Without modulation the output consists only of the
unmodulated carrier. With modulation the transmitted signal includes
the carrier plus the side bands or modulation product.

‘The number of symmetrical pairs of side-band frequencies distiibuted
around the center carrier frequency in the FM signal depends on the
modulation index and can be any amount from one pair asin AM to a few
hundred. The greater the modulation index, the greater the number of
side-band frequencies having appreciable amplitude. Only the first pair
of side-band frequencies has appreciable amplitude with a modulation
index equal to 0.5 or less. In this case the transmitted signal can be con-
sidered as the resultant of the carrier plus one upper side band and one
lower side band, each as in AM differing from the carrier by the audio
modulating frequency. In AM, however, the modulation product and
carrier are of the same phase, while the modulation product in FM is out
of phase with respect to the carrier by 90°.  This is the basis of the Arm-
strong FM transmitter.!

7-8. Requirements of the FM Receiver. The FM receiver is a super-
heterodyne like a typical AM receiver, with two additional requirements:

1. The second detector in the superheterodyne FM receiver must be an
M detector, which can convert the frequency variations of the FM
carrier into the corresponding voltage variations of the audio signal.
Two typical circuits often used for the FM detector are the ratio detector
and discriminator. Both circuits can detect variations in frequency. In
general, detection of an FM signal depends upon the fact that a tuned
LC cireuit has different amounts of output for different input frequencies.

2. A circuit that can reject amplitude variations of the FM carrier sig-
nalis needed in the FM receiver. Since only the frequency changes in the
transmitted carrier correspond to the modulating voltage, any variations
of the carrier amplitude can be eliminated in an FM system without losing
the desired signal. Therefore, FM provides an important method of dis-
tinguishing between the desired signal which is frequency-modulated, and
undesired interfering signals that mainly cause amplitude variations of
the carrier. This is probably the most important advantage inherent in
an FM system for transmitting intelligence. In order to utilize this
advantage of FM, the receiver must prevent amplitude variations of the

1 Armstrong, E. H., Mecthod of Reducing Disturbances in Radio Signaling by a
System of Frequency Modulation, Proc. IRE, May, 1936.
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FM signal from having an effect in the audio output. This can be accom-
plished by a limiter stage, or by using an FM detector that is insensi-
tive to AM. The ratio detector is an FM detector circuit relatively
immune to amplitude modulation in the FM signal.

A limiter is a class C amplifier with grid-leak bias and reduced plate and
screen voltages, so that the amplifier saturates at a relatively low level of
input voltage. For a wide range of input voltages that cause saturation,
therefore, the output voltage from the limiter has the same amplitude.
As a result, the limiter eliminates the AM because the amplitude varia-
tions of the input voltage are missing from the output signal.

7-9. Reduction of Interference in FM. The greatest advantage of FN
isits ability to eliminate the effects of interference from the desired signal.
The interference can be a modulated carrier from another FM or AM
station, atmospheric or man-made static, or receiver noise. In any case,
the effects of the interference on the desired signal can be made negligible
in an FM system. This important advantage is an inherent part of the
FM system because the instantaneous frequency variations of the modu-
lated carrier correspond to the desired signal, while the dominant effect of
an interfering signal is to change the amplitude of the carrier. Thus, an
FM system immediately offers increased possibilities in separating inter-
ference from the desired signal by AM rejection in the FM receiver. In
an AM system not much can be done with interference that changes the
amplitude of the carrier because any attempt to limit the carrier ampli-
tude while trying to eliminate the interference has a harmful effect on the
desired signal, which is an amplitude variation of the carrier.

AM Interference. Whenever there are two signal frequencies in the
receiver, their resultant can be amplitude-modulated because of addition
of the in-phase components of the two signals. I oneis the desired signal,
either amplitude- or frequency-modulated, its carrier amplitude can be
changed in many ways that produce interference. For two carriers of the
same frequency and phase, the resultant envelope is the sum of the indi-
vidual envelopes. Amplitude variations corresponding to audio beat fre-
quencies can be introduced when the interference is of slightly different
frequency; or abrupt amplitude changes corresponding to static can be
added to the desired signal. In any case, the interference produces unde-
sired AM at an audio rate that can be heard in the receiver output. The
interfering effect is noticeable when the interference has an amplitude that
is only 1 per cent of the desired signal.

This interfering effeet is minimized in the AM system by making the
amount of amplitude modulation as high as possible for the desired signal
and using as much transmitter output power as possible. The extent to
which this can be carried out has definite limitations, however. The per
cent modulation in AM cannot exceed 100 per cent without distortion,
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and this can be used only for the loudest signals. In addition, the average
output power of the transmitter cannot be increased indefinitely because
there is a limit above which the power cannot be increased economically.

In the FM system the transmitted signal can have itsamplitude changed
in the same way because of interference. Here, however, any change in
amplitude is eliminated by AM rejection circuits in the receiver without
losing the desired signal, which is the instantaneous frequency departure
of the modulated carrier. Therefore, the use of circuits that make the
receiver insensitive to AM is a most important factor in obtaining the
great improvement in noise reduction for FM over AM.

FM Interference. The interfering signal can be varying in phase as well
as amplitude, adding a varying phase shift and equivalent F M interference
to the desired carrier. Thus, an FM component is added to the desired
signal to produce interference that cannot be eliminated, because it is the

ST

Fig. 7-8. Vector diagram illustrating the effect of PM interference.

same type of variation of the transmitted carrier as the desired signal.
This parallels the case of AM interference which could not be eliminated in
the AM system without disturbing the desired signal. Inthe FM system,
however, the amount of FM interference can more easily be made negli-
gible in comparison to the desired signal.

When two signals of varying phase or frequency are added, the total
phase modulation is not the sum of the individual modulations. This is
illustrated in Fig. 7-8, where the phase of an interfering PM signal is
represented by I, the desired carrier by D, and the resultant sum of the
two vectors is B. If the amplitude of I is less than /) the change in phase
angle A8 from 1) to I2 cannot exceed the angle whose tangentis //D. For
the case of a desired carrier D whose amplitude ts twice the interfering
signal amplitude I the amount of phase modulation added to the desired
signal cannot exceed the angle whose tangent is 14. This angle is 27°, or
approximately 0.47 radian. The resultant PM is equivalent to an inter-
fering FM signal, with the amount of swing greater for higher audio
modulating frequencies, as in any PM system without predistortion.

The amount of FM added by the interfering signal can be made negli-
gible in the audio output by having the desired signal produce much greater
frequency swings in an FM system. In FM the desired percentage of
modulation can be increased to swamp out the interference without any
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increase in the transmitter power and without any distortion. If the per
cent modulation of the desired signal is made large in comparison to the
limited amount of FM interference the effeets of the interfering signal
hecome negligible, even though the magnitude of the interfering wave is
by no means negligible in comparison to the desired carrier amplitude.

7-10. Preemphasis and Deemphasis. .\ny PM interference produces
more cquivalent FM for higher audio frequencies.  Also, the desired sig-
nals in the higher audio-frequency range are usually of relatively low
amplitude because they are harmonics of the fundamental tones and
produce little frequency swing. Therefore, it 1s desirable in an FM sys-
c¢em to preemphasize the higher audio modulation frequencies at the
transmitter. This is done by increasing the relative amplitudes of the
higher audio frequencies before modulation, so that they can produce
more frequency swing in the transmitted signal and have a higher signal-
to-noise ratio. In order to restore the original relative amplitudes,
the audio signal should be deemphasized at the receiver to the same
extent that it is preemphasized at the transmitter. At the receiver, the
deemphasis network can be an RC filter in the output cireuit of the FM
detector, or the audio amplifier response can deemphasize the higher
audio frequencies. The preemphasis and deemphasis networks are RC
or LR filter cireuits for the desired frequency range. For the trausmitter,
the FC( standards specify that preemphasis shall be employed in aceord-
ance with the impedance-frequency characteristic of an inductance-
resistance network having a time constant of 75 usec. At the receiver
the deemphasis should have the same time constant of 75 usec.

While it would seem that no progress is made if the audio voltage is
deemphasized to the same extent that it is preemphasized, a great
improvement in signal-to-noise ratio actually is accomplished. The rea-
son is that the preemphasis precedes the effect of the interference, so
that when the signal and noise are both reduced by the deemphasis
the signal returns to normal while the noise is reduced below normal.
This is more effective in FM than in AM because the noise level in FAM
increases for higher audio frequencies and the deemphasis attenuates
the highest audio frequencies the most.

7-11. Transmitter Efficiency. Another fundamental difference between
FM and AM affects the transmitting equipment to a great extent. In
AM the peak earrier power varies up to four times the unmodulated car-
rier level when the peak antenna current doubles its unmodulated value.
This requires that the transmitter be able to handle during modulation
peaks a great deal more than its rated power output without introducing
any distortion. Also, high-level modulation is often used in the AM
transmitter with the audio voltage modulating the final r-f amplifier, and
this requires a great deal of audio power. Low-level modulation can be
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used in AM, with the audio voltage modulating a low-power r-f stage, but
this requires that all the suceceding stages be linear amplifiers in order to
amplify the modulated carrier without distortion, thus resulting in a great
loss in efficiency as compared to class C amplification.

Inthe FM transmitter the carrier power remains the same during modu-
lation because the amplitude of the carrier remains constant. This
requires no reserve power in the transmitter for modulation peaks.  Low-
level modulation is used, requiring very little audio power. The power
r-f stages, including the final, can still operate class C because the carrier
amplitude remains constant during modulation. As a result, an FM sta-
tion can transmit the same power as an AM station with about one-half
the equipment and power requirements. Another advantage is that addi-
tions can be made to an FM transmitter just by adding the r-f power
stages required for the desired amount of output power.

7-12. FM vs. AM. FM has many advantages inherent in the method
of modulation itself. In actual practice, however, other factors may
make the use of FM more or less desirable than AM for a given service.
In evaluating the relative merits of the two methods, two comparisons
can be made. One is a comparison of FM to AM with both in the same
high-frequency band; the other is between the FM broadcast service in
the v-h-f band and AM in the relatively low-frequency standard broad-
cast band of 533 to 1,605 ke.

In comparing the standard broadcast band and the v-h-f band the lower
frequencies offer the advantage of a greater transmitting distance. A
clear-channel AM standard broadcast station having no other interfering
station on its channel has the advantage of being able to provide service to
much larger areas than could be served by an FM station operating in the
v-h-f band. Any FM service with wide swings must be in the v-h-f spec-
trum or above in order to allow room for the wider channel required,
which is 200 ke for FM broadcast stations in the 88- to 108-Mc band.
For the FM sound in television, 50 ke of the 6-Me television channel is
used. The v-h-f band offers the advantage of reduced atmospheric static,
whether M or AM is used. Use of the v-h-f band, though, introduces
the disadvantages of reduced transmitting distance and increased inter-
ference from man-made noise, especially car-ignition noise. FM can
provide a greater degree of improvement with respect to noise at these
higher frequencies.

Interference. FM has several advantages over AM in regard to atmos-
pheric static, interfering channels, and man-made noise such as that from
diathermy machines, electrical machinery, and automobile ignition sys-
tems. The effects of atmospheric static are very much less on the very
high frequencies and the use of FM makes such interference negligible.
The most serious interference in the v-h-f band is car-ignition noise.
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Although ignition noise is nat completely elim_nated by tae use of FM it
can be reduced to a great »xtent, the exact amount depending on the
design of the FM receiver—especially the AM rejection cirzuits.  In field-
test comparisons, FM usually provides much more freedom from ignition-
type noise than AM.,

Recetver Noise. Receiver noise, which takes the form of a e-ntinuous
hissing sound, is not usually noticeable in receivers for the AM zroadeast
stations in thLe standard broadcast band; wita the high field strengths
usually encountered, the gaia of the receiver need not be great enough to
bring the receiver noise up to the point where it can be heard. On the
very high frequencies, though, receiver noise :s a limitinz factor in the
reception of intelligible signals because of the r:duced signal inj. 1t to the
receiver at these frequencies.  With FM, receiver noise is suppressed to a
great extent Ly the use of AM rejection circuits, balanced diseriminator,
and deemphasis. FM has the advantage over AM in being ab « to pro-
vide useful signal output from the receiver with very much l-ss input
signal than what is required for an AM receiver to overcome receiver noise.

Service Arec. Although AM in the standarc broadeast band zan pro-
vide much greater transmission distances on a clear channel, FX1 in the
v-h-f band can supply a greater service area for kroadeasting because of its
freedom from interference between stations in the same channel or adja-
cent channels.  In F)M the receiver has the ability to suppress completely
an interfering station on the rtame channel if the desired signal is stronger
than the other by a minimum ratio. This is ca’led the caplure eSect. 1t
results from the interference-reducing properties inherent in FM. While
an amplitude ratio of 2:1 for the desired signal over the ur.desired signal
will prevent the interfering station from coraing through, tte ratio
required for complete suppression with no interfering noises may be
larger, depending on the frequency swing, the type of modulatin2 intelli-
gence on the tvso signals, and their channel separation. For two stations
with £75-ke swings operating on the same clannel thers is complete
suppression of the undesired signal for the worst possible case waen the
ratio of desired to undesired signal is 10:1 or greater. For ¢ljacent
channels a 2:1 ratio is sufficient to suppress the interfering station. In
AM the desired signal would have to be very much larger than tl.z unde-
sired signal for similar results

Because of tais advantage »f suppressing unwanted signals in an FM
system, FM broadcast statiors can be located much closer toget-er geo-
graphically than AM stations and many more station assignments can
be made for each channel without danger of interference. The FM
broadeast stati>n may have a larger useful servire area than an AM sta-
tion on the standard broadeass band suffering from shared-channed inter-
ference, even tlough the AM stetion can transmit over greaser distances.
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Transmitter Efficiency. In FM the carrier level is constant, and
low-level modulation can be used with the succeeding r-f stages operating
class C.  This results in a smaller, more economical, more efficient, and
more adaptable transmitter for FM.

Audio-frequency Range. In general, the use of the v-h-f band allows a
wider audio modulating frequency range, because at the higher frequen-
cies a wider channel is feasible for accommodating the resultant side-band
frequencies. This is true of either FM or AM. An AM station in the
standard broadcast band is limited to approximately 5 to 10 ke as the
highest audio modulating frequency because of the restricted width of the
transmission channel. Given a wide enough channel, though, an AM
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Fig. 7-9. Effect of deemphasis on FM noise.

system can use as wide a modulating frequency range as FM. The pic-
ture carrier in television, for example, is amplitude-modulated with video
frequencies as high as 4 Me.

The audio modulating frequency range is 50 to 15,000 cps for commer-
cinl FM broadcast stations and the FM sound in television. However,
the extent to which this greater audio-frequency range is made useful
depends on the quality of the audio system in the receiver.

Preemphasis. This is more advantageous in an FM system because the
deemphasis in the FM receiver has an effect on noise suppression that is
greater than in AM. Random noise can be considered as a continuous
spectrum of signals of random phase and frequency, all of the same ampli-
tude. In AM the deteeted signal contains audio noise voltages of varying
frequencies but constant amplitude.  In FM, however, audio output
is proportional to frequency swing rather than amplitude, and the noise
signals with the most swing produce the most audio output. The ampli-
tude of the detected noise incereases with audio frequency, therefore, pro-
ducing the triangular noise spectrum of ¥M illustrated in Fig. 7-9. With
deemphasis in the FM receiver the amplitude of the highest audio fre-
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quencies is reduced the most, thus reducing the most objectionable com-
ponents of the noise by the greatest amount.

Multipath Reception. Because v-h-f and uwh-f carrier waves are
reflected from buildings, bridges, and similar obstructions, the radiated
signal can arrive at the receiving antenna over multiple paths from the
transmitter. The different paths are usually not the same length, with
the result that the multipath signals take different amounts of time to
travel the separate transmission paths to the receiver. With multipath
reception of signals slightly displaced in time with respect to one another,
the distortion that ean result due to interference between the multipath
signals is more objectionable in FM than in AM because the frequency of
the FM signal is continuously changing. Since the instantaneous fre-
quency of an FM signal varies with time, the multipath signals at the
receiver generally will have different frequencies at any instant. As a
result, heterodyning action between the FM multipath signals at the
receiver produces interfering beats that continuously change in fre-
quency. The changing beat frequency can produce garbled sound, simi-
lar to the effect produced by nonlinear amplitude distortion in an audio
amplifier. In picture reproduction, the interfering FM beat would pro-
duce a bar interference pattern in the image with a shimmering effect, as
the bars continuously change with the beat frequency. This is why AM
is preferable to FM for broadcasting the picture signal, as multipath AM
signals simply produce multiple ghost images.

FM is generally used for transmitting the picture and sound signals
between radio relay stations, which receive and retransmit programs
between stations in a network. In this service, however, multipath
reception is not a problem because the relay stations operate in high-
frequency microwave bands and can use very directive antennas to beam
the signal from one relay transmitter directly to the receiver at the next
station.

REVIEW QUESTIONS

1. State the manner in which the earrier varies with the amplitude and fre quency
of the audio modulating voltage in AM, FM, and M.

2. What property of the FM signal determines the loudness of the reproduced
audio signal? What determines the frequency of the reproduced audio?

3. A 10-volt, 100-cycle audio modulating voltage produces a frequency departure
of 50 ke. What is the departure for a 10-volt, 500-cycle audio modulating voltage?
for a 2-volt, 500-cycle modulating voltage? Assume that the modulation is lincar,

4. A 3-volt, 1,000-cycle audio modulating voltage produces a frequency departure
of 5 ke. What is the modulation index?

B. A 60-Mc earrier is modulated by 15,000-cycle audio voltage, producing first-
and second-order side bands with appreciable amplitude. What are the side-band
frequencies produeed, in addition to the carrier?

6. Deseribe briefly the principle of a reactanee-tube modulator using a quadrature
network that makes the reactance tube appear inductive. What is the effect on
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oscillator frequency when the control grid of the inductive reactance tube is made
more positive by the modulating voltage?
7. What is one advantage and one disadvantage of a phase modulator?
8. Why does PM produce equivalent FM?
9. How does the equivalent FM of PM differ from FM produced directly by
a reactance-tube modulator? What is done to correct this?
10. In an FM receiver, what are the functions of the limiter and discriminator
stages? The ratio detector?
11. Give two reasons for the improved noise reduction in an FM system.
12. Give two advantages of FM over AM and one disadvantage of FM, with hoth
m the v-h-f band.
18. Why is preemphasis used in FM?
14. If a 4-Mc modulating voltage produces a frequency swing of 100 ke, what is
the modulation index? What will be the bandwidth required for the FM signal,
using double-side-band transmission?



CHAPTER 8

TELEVISION RECEIVERS

The television receiver has the function of receiving the transmitted
picture carrier signal and assoriated sound signal, amplifying the signals
and providing detection to permit reproduction of the picture information
and the sound. In effect, two receivers are included: an AM receiver for
the picture signal and an FM receiver for the associated sound. The
Low vol*age rectifiers
Picture tube socket

Anterna
terminals

Deflection yoke rmounting

High voltage
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connecting
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Fi1G. 8-1. Television réceiver chassis, (RCA.)

receiver must also provide scanning and synchronization for reproduction
of the image on the screen of the picture tube. Usually 15 to 30 stages
are needed in the television receiver, therefore, for the picture and sound.
Figure 8-1 shows a television receiver chassis.

8-1. Forming the Image. In order to reproduce the desired picture

information at the receiver a spot of light corresponding to a basic picture
129
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clement must be formed. This is accomplished by the electron gun of the
picture tube, which provides a narrow beam of clectrons to strike the
fluorescent sereen of the tube and produce a spot. of light. In addition.
the spot of light must be displaced along a series of horizontal lines to
form the scanning pattern. Therefore, the clectron beam is deflected by
providing suitable scanning current for the horizontal and vertical scan-
ning coils in the deflection yoke mounted on the neck of the picture tube.
The required scanning current for the deflection yoke is produced by the
deflection circuits in the receiver. Horizontal deflection circuits are
necessary for the horizontal scanning motion, while the vertical deflection
cireuits are needed for vertical scanning.

With a complete scanning pattern produced, it is finally necessary to
vary the intensity of the light spot on the screen of the picture tube so
that its brightness at any point in the scanning pattern corresponds to the
brightness of the corresponding point of the scanned image in the camera
tube at the transmitter. This intensity variation of the light spot is the
function of the video signal, which contains the amplitude variations
corresponding to the desired picture information. The video signal
varies the kinescope control-grid voltage, varying the amount of beam
current in the picture tube and the intensity of the spot of light on the
sereen, thereby reproducing the desired picture information.

8-2. Receiver Circvits. Figure 8-2 shows a block diagram of the eir-
cuit arrangement in a television receiver. The superheterodyne circuit
is used.

The 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 input terminals
of the receiver, coupling the r-f picture and sound signals to the r-f ampli-
fier stage. The r-f circuits are tuned to the channel frequencies of the
desired station and are broad enough to pass the picture and sound carrier
signals, with their side-band frequencies. Although the r-f amplifier is
optional, most television receivers use one r-f stage to amplify the r-f sig-
nals before coupling to the mixer or converter stage. The r-f output of
the receiver’s local oscillator is also coupled into the mixer, as shown in
Fig. 8-2, so that the oscillator voltage can heterodyne or beat with the
incoming r-f picture and sound carrier signals. When the oscillator fre-
quency 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. Two i-f carrier signals are produced by the mixer stage.
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 r-f sound signal. The
original modulating information of the r-f carrier signals is present in the
picture and sound i-f signals in the converter output, and the 4.5-Mec
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separation between the carrier frequencies is maintained. For most
television receivers the picture and sound i-f carrier frequencies are
approximately 26 and 21.5 Me, respectively, or 45.75 and 41.25 Me.

The r-f amplifier, converter, and local oscillator stages are usually on an
individual subchassis, which is called the front end, head end, r-f unit, or
tuner. 'The r-f unit 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 pass through the i-f stages.

Sound Take-off. The sound signal is separated from the picture signal
after they have been converted to the lower intermediate frequencies.
Since the bandwidth of the sound signal is relatively narrow, a resonant
circuit tuned to this intermediate frequency can be used to filter out the
sound signal and couple it to a separate sound i-f amplifier. The sound
take-off block in Fig. 8-2, which is an LC tuned circuit rather than an
amplifier stage, is shown connected to the converter output. However,
the point where the sound signal is separated from the picture signal
varies in different receivers. Many circuits have the sound take-off in
the output of the first or second i-f amplifier stage. This method has the
advantage of providing additional gain for the sound i-f signal in the same
stages that amplify the picture i-f signal. In many receivers, the sound
take-off is after the second detector stage. An i-f stage that amplifies
both the picture and sound i-f signals is often called a common i-f ampli-
Jier. Regardless of where the sound take-off tuned circuit is in the
receiver, this point marks the separation of the sound and picture signals.
All stages before the sound take-off circuit amplify both the sound and
picture signals. After the sound take-off point, the signal amplifiers are
in two groups, one for the sound and the other for the picture.

The Sound Amplifier Chain. The FM sound i-f signal is amplified in
one to three sound i-f stages to provide enough signal for the sound second
detector stage. As illustrated in Fig. 8-2, the output of the FM detector
is the desired audio-frequency signal. This is then amplified and coupled
to a loudspeaker to reproduce the sound associated with the picture.

The Picture Amplifier Chain. Going back to the mixer stage in Fig.
8-2, the modulated picture i-f signal produced here is coupled to the pic-
ture i-f amplifier. Because of the broad bandwidth required to pass the
picture signal, each picture i-f stage has a relatively low gain, typical
values being 15 to 20. Three or four picture i-f amplifier stages generally
are necessary, therefore, to provide the amount of picture i-f signal
required for the picture second detector. This stage is commonly called
the video detector. The modulated i-f picture signal is rectified and filtered
in the video detector to produce the composite video signal output voltage
that contains all the information needed for reproduction of the picture.
The video detector output is then coupled to the video amplifier, consist~
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ing of one or two stages, to provide enough video signal for the zontrol
grid-cathode circuit of the pictuze tube.  With a peak-to-peak video sig-
nal voltage of approximately 70 volts at the kinescope control grid, the
intensity of the beam current and the spot of light on the screen can be
varied to allow reproduction cf the picture.

Automatic Gain Control. ‘The picture second detector in Fig. 8-2 is
shown providing a bias voltage for automatic control of the gain of the
preceding i-f and r-f stages, similar to the automatic volume-control sys-
tem in conventional sound rezeivers. The stronger the picture carrier
signal, the greater the negative a-g-c bias voltage produced and the less
the gain of the receiver, resulting in relatively constant video signa. ampli-
tude for different carrier-signal strengths.  Therefore, the attomatic gain
control in the picture amplifier chain is useful as an automatic co-.trol of
contrast in the reproduced pictuze. No a-g-¢ bias is shown for thz sound
second detector in Fig. 8-2 because automatic valume control is 1ot gen-
crally used in the FM sound amplifier chain. However, the a-g-c circuit
affects both the picture and sound when it controls the gain of r-f and
common i-f stages, which amplify the picture and sound signals.

Synchronizing Circuits. The video detector output includes t-e syn-
chronizing pulses, which are part of the composite video signal for the
picture tube. Therefore, the composite video is also coupled to the
synchronizing circuits to provide the synchron.zing pulses neesded for
controlling the frequency of the vertical and horizontal deflectiou oscil-
lators in the receiver. The synchronizing circwits include one ¢ more
amplifier and separator stages. A synchronizirg signal scparator is a
clipper amplifier stage that can separate the synchronizing pulse ampli-
tude from the camera signal in the composite video, to provile an sutput
consisting only of synchronizig pulses. Since there are synchrunizing
pulses for both horizontal and vertical scanning, Fig. 8-2 shows the out-
put of the synchronizing separator divided intc two parts. TL> inte-
grator is a low-pass RC filter zircuit that filters out all but the —ertical
pulses from the total separated sync voltage, to provide verticel syn-
chronizing signals to lock in the vertical deflect:on oscillator at 60 cps.
For horizontal synchronization, an automatic frequency-ccntrol circuit
is generally used to lock in the horizontal deflection oscillator £t 15,550 cps.

Deflection Circuits. As shown in Fig. 8-2, the d=flection circuits include
a deflection oscillator stage to produce the scanning voltage required for
deflecting the electron beam, and a deflection amplifier stage to provide
enough scanning-current amplitude to cover th: screen of the picture
tube. A horizontal oscillator and amplifier are needed fcr horizontal
deflection. The damper stage minimizes oscilletions produced by the
deflection current in the horizontal output current, in addition to zrovid-
ing part of the horizontal scanring. The vertical oscillator end amplifier
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produce vertical scanning. The horizontal and vertical deflection cir-
cuits produce the illuminated scanning pattern forming the raster on the
kinescope screen.  The raster can then be varied in intensity by the video
signal coupled to the kinescope control grid, to reproduce the picture on
the kinescope screen.

The deflection circuits produce the required deflection current and the
resultant scanning raster with or without synchronizing pulses, because
the deflection generators are free-running oscillators requiring no external
signal for operation. However, the synchronizing signals are needed to
hold the receiver scanning circuits exactly synchronized so that the pie-
ture information is reproduced on the raster in the correct position.

4.5 Mc 4.5 Mc ;
AAAR Audio
T sound FM sound amplifier
I-F amplifier detector

Picture
and sound
i-f signals . Second Video
P - '—> .pr
7" trom mixer 7 LIy detector > amplifier
in r-f tuner

A-G-C bias l

To sync circuits

Fic. 8-3. Signal circuits in an intercarrier-sound receiver, showing sound take-off in
the second deteetor output.

- Power Supplies. Two power supplies are needed in the television
receiver. One is the usual B supply with an output of 300 to 400 volts
to provide d-c operating potentials for all amplifier stages. This is called
the low-voltage supply in the television receiver because its output voltage
is low compared with the high-voltage supply, which provides anode volt-
age for the picture tube. The anode voltage for direct-view picture
tubes is generally 9 to 18 kv, while projection kinescopes require 20 to 80
kv. The dotted line to the high-voltage supply in Fig. 8-2 indicates that
in many receivers the high-voltage rectifier obtains its high-voltage a-c
input from the output of the horizontal deflection amplifier. With this
type of high-voltage supply, the anode voltage for the picture tube
depends upon operation of the horizontal deflection circuits.

8-3. Intercarrier-sound Receivers. Most television receivers use the
circuit arrangement illustrated in Fig. 8-3 for the associated sound signal.
The sound i-f signal passes through all the i-f amplifiers that amplify
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the picture signal, and both signals are coupled into the second detector.
Here the sound i-f signal can beat with the i-f picture carrier to provide
in the detector output the desired FM sound signal converted to a lower
frequency that is the difference between the two carrier frequencies.
This second sound intermediate frequency is always 4.5 Me, since this is
the standard difference between the picture and sound carrier frequencies.
Receivers using the second sound i-f signal of 4.5 Mc are called intercar-
rier-sound receivers. Because the 4.5-Me sound i-f signal is produced in
the second detector, the sound take-off point must be after this stage in
intercarrier-sound receivers. Although shown in the output of the second
detector stage in Fig. 8-3, the 1.5-Mec sound take-off can be in any part of
the video amplifier circuits after the second detector. Figure 8-3 does not
indicate the sync and deflection circuits and power supplies because these
circuits are not affected by the intercarrier method of receiving the sound
signal.

The sound take-off circuit in an intercarrier receiver is an L€ tuned
circuit resonant at 4.5 Mec. This circuit filters out the +4.5-Me sound
signal from the video frequencies and couples it to the sound i-f
amplifier of the receiver. It is important to note that the sound i-f
amplifier and FM detector in an intercarrier receiver are always tuned to
4.5 Mc.  The 4.5-Mec sound i-f amplifier and FM detector are necessary
because the 4.5-Me sound signal is not an audio signal but is the fre-
quency-modulated i-f signal at the lower center frequency of 4.5 Me,
which must be detected to obtain the desired audio signal. The main
advantage of intercarrier-sound receivers is the fact that the 4.5-Mc sound
i-f signal is automatically present when the picture is tuned in.

8-4. Functions of the Receiver Circuits. The television receiver can
be considered in sections, each with a specific function, as follows:

Illumination. The picture tube with its auxiliary components and the
high-voltage supply, which provides the kinescope anode voltage, have the
function of producing brightuess on the kinescope screen. Just the spot
of light on the screen illustrated in Fig. 8-ta shows that the kinescope
and high-voltage supply are operating.

Horizontal Scanning. 'The horizontal deflection circuits produee hori-
zontal scanning lines.  The single horizontal line on the kinescope sereen
in Fig. 8-4b shows illumination and horizontal scanning.

Vertical Scanning. The vertical deflection eciveuits produce vertical
scanning to spread the horizontal scanning lines over the entire screen
area, to form the scanning raster. The illuminated raster on the kine-
scope sereen in Fig. 8-f¢ shows that the vertical and horizontal deflection
cireuits, kinescope, and high-voltage supply are operating.

Picture. Figuve 8-4d shows a picture reproduced on the raster.  The
circuits for the picture from the antenna input to the kinescope grid pro-
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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
reproduce the picture as shades of white, gray, and black on the raster.

Synchronizalion. The sync circuits in the receiver hold the line struc-
ture of the picture together and make it stay still by timing the horizontal
and vertical scanning correctly with respect to the reproduced picture

(a) ®)

(c) (d)
Fia. 8-4. Illustrating how the receiver puts the picture on the raster. (a) Illumination
on the kinescope screen. (b) Illumination plus horizontal scanning. (¢) llorizontal
and vertical scanning to produce the illuminated raster. (d) The picture on the
raster. (From McGraw-Hill motion-picture series, Basic Television.)

information. Horizontal synchronization prevents the line structure of
the picture from tearing apart into diagonal segments. Vertical syn-
chronization 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
loudspeaker to reproduce the sound.

Table 8-1 illustrates how the receiver can be divided into circuits that
produce the illuminated raster and circuits for the picture and sound sig-
nals. The signal circuits are subdivided between picture and sound for
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the typical case of an intercarrier-sound receiver that has the 1.5-Mec
sound take-off ¢ircuit in the video detector output. Note that the low-
voltage power supply is common to the raster and signal circuits, since
all the amplifiers need the B supply voltage for operation.

TarnLe 81. Recerver Circurr FUNCTIONS

Circuits for the raster Circuits for the signal
b b
Ilumination Scanning Pieture and Picture Sound only
sound only
Kinescope Horizontal deflec- | R-f tuner Video 1.5-Mec i-f stages
tion circuits amplifier
High-voltage | Vertical deflection | Common i-f 4.5-Mc FM detec-
supply eircuits stages tor
Second detector Audio amplifier
A-g-c circuit

Low-voltage power supply

8-5. 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, to be set as installation or
servicing adjustments to provide a suitable raster, while the operating

On-off volume Station selector
and fine tuning

and contrast

b H V  Bright-
¢ _hold _hold _ness

Fic. 8-5. Receiver operating controls. The hinged lid on the front panel normally
covers the three controls at the center.

controls are on the front panel of the receiver, where they can be varied
for different stations. Figure 8-5 illustrates a common arrangement for
the operating controls. They have the following 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
oscillator at the frequency necessary to tune in the station.

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

Volume. This is a typical audio level control, usually a potentiometer
to vary the audio voltage input to the grid cireuit 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 signal
voltage for the kinescope grid-cathode circuit.

Brighiness. This varies the d-c bias for the kinescope grid, adjusting
the over-all illumination on the screen.

Horizontal Hold. This adjusts the frequency of the horizontal deflec-
tion 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
oscillator 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
synchronization and make the picture stay still.

It should be noted that the physical location for the controls can vary
in different receivers. Many receivers have the hold controls and bright-
ness adjustment on the rear apron of the chassis, while others may mount
the setup adjustments at the front, behind a hinged cover on the front
panel.

8-4. Projection Television Receivers. The practical limit for the
diameter of a conventional direct-view picture tube is about 30 in. To
produce larger pictures for home entertainment or theater television it is
preferable to employ a projection system for the television image. There
are two main types of projection systems. One, called a refractive pro-
jection system, uses a convergent projection lens to throw the kinescope
screen image onto a larger viewing screen in a manner similar to the
projection of film slides or motion-picture film, as illustrated in Fig. 8-6.
The other projection arrangement uses a spherical reflecting mirror
instead of the lens to provide the required enlargement of the image and,
therefore, is a reflective system. This arrangement is illustrated in Fig. 8-7.

The principal problem in television projection is sufficient brightness.
The brightness of the enlarged image is very much less than the intensity
of the picture on the kinescope screen because the available light must be
distributed over a much larger picture area in the projected image, reduc-
ing the brightness proportionately. In addition, only 5 to 30 per cent
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of the light from the kinescope is collected by the optical projection sys-
tem and delivered to the viewing screen. Very high anode potentials are
needed to obtain the required screen brightness in projection picture
tubes, therefore, and voltages of 20 to 80 kv are used. To improve the
brightness in the magnified picture the viewing screen for projection
receivers usually is made directional to concentrate the light from the
screen to the viewer. The brightness gain is6tc 9. However, the direc-
tional screen limits the viewing area to +25° from center in the horizontal
direction, and +10° in the vertical direction.

Refractive Optical Projection System. Figure 8-6 illustrates a projection-
lens arrangement for television receivers. The reproduced image is

Inclined -
flat mirror ™,

i Viewing
/ Screen  Flat inclined
‘ .f'f mirror B
B A Y
Correcting lens 4} \néwing
screen
- Projection
| I<~Pro;ect|on lens kinescope !;( B \\
Il ek
| Sph,erical\l, L \‘\\
\ 5TP4 mirror
Projection picture tube *--._____H /
Fic. 8-6. Projection-lens system for  Fic. 8-7. Folded Schmidt-type reflec-
television receivers. tive optical system for television pro-

jection receivers.

formed on the screen of the picture tube in the usual manner, employing
the 5TP4 kinescope, a commonly used projection tube. The screen of
the picture tube is small, producing a 4- by 3-in. picture, so that a pro-
jection lens of practical diameter can be used. Light from the picture-
tube screen is collected by the lens and is thrown on the viewing screen
as in film projection, to provide an enlarged 20- by 15-in. picture when a
magnification of 5 is employed. This is a transmission type of viewing
screen, as light striking it from the back produces an image that can be
viewed from the front of the screen.

By adjusting the distance between lens and kinescope and the throw
distance to the viewing screen, the refractive optical arrangement can pro-
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vide enlarged pictures of almost any desired size. However, it is very
inefficient, utilizing only 5 to 10 per ecent of the available light from the
kinescope screen.

Reflective Optical Projection System. Figure 8-7 illustrates a reflective
optical system for the projection of television pictures, using the spherical
reflecting mirror instead of a projection lens. The arrangement is an
adaptation of the Schmidt astronomical camera and, therefore, is called
a Schmidi-type optical projection system. Of the available light 20 to
30 per cent can be transmitted to the viewing screen. Since a greater
light efficiency can be obtained, the reflective optical system is employed
more often for television receivers than the projection-lens method.

In Fig. 8-7 it is seen that the projection picture tube is mounted face
downward. Light from the pieture tube strikes the spherical mirror and
is reflected upward through the correcting lens mounted on the neck of the
picture tube. The reflected light then strikes an inclined flat mirror and
is again reflected to the viewing screen. With a suitable distance from
picture tube to spherical mirror and from spherical mirror to viewing
screen the desired enlargement of the image can be obtained, because the
spherical mirror magnifies the image in the same manner as the converging
projection lens. The center of the spherical reflected mirror is painted
black because light rays from this part of the mirror would be blocked by
the picture tube. This reduces the light efficiency, but does not block
any part of the image as each picture element is a point source of light
rays that have many paths to the viewing screen. The correcting lens is
necessary to eliminate a form of optical distortion called spherical
aberration, which is produced by the spherical mirror.

The reflective optical assembly, including the picture tube, spherical
mirror, and plastic correcting lens, are mounted in a housing unit called
the optical barrel that keeps out any undesired light and prevents dust
from collecting on the spherical mirror. All the optical components must
be spotlessly clean and free of dust for the best light efficiency. Adjust-
ments on the reflective optical system are critical because the shape and
size of the correcting lens depend on the projection distance for which the
system is designed.

8-7. Theater Television. Theaters can provide television programs by
means of large-screen projection, presenting news and sports events as
they occur. The size of the projected picture can be increased to the
desired value, usually 6 by 8 ft or 15 by 20 ft, by increasing the throw
distance to the viewing screen. It is necessary to provide sufficient
brightness in the original picture tube image to compensate for the tre-
mendously increased size of the picture, and very high anode voltages
must be used for the picture tube. The Schmidt-type reflective optical
system is used to obtain the greatest light efficiency. With 30 kv on
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the anode of the 51 P4 projection kinescope, suitable brightness can be
obtained for a picture 6 by 8 ft; using 80 kv on the anode of the 7WP4
theater projection kinescope provides enough brightness for a picture 15
by 20 ft, which is a typical television-screen size for theaters. Figure
8-8 shows a television projection unit mounted on a theater balcony, to
project the picture on the theater’s screen. The base of the projection
kinescope is at the front of the optical barrel.

Additional methods for theater television projection employ a mechani-
cal form of light valve, which can modulate the intensity of light from a

oo Bt il

F1a. 8-8. Large-screen television projector mounted on front of balcony in theater.
(RCA.)

high-intensity light source such as the carbon-are lamp. No kinescope is
used in this arrangement, since the picture information is reproduced by
the light valve. Therefore, the intensity of the projected picture is not
limited by the kinescope screen brightness. However, a mechanical
scanning system must be used with the light valve. The picture can be
reproduced in either color or black and white. Two commercial forms of
theater television projection using a light valve with mechanical scanning
are known as the Kidophor and the Scophony systems. Another method
of providing theater television utilizes commercial motion-picture film
with the theater’s standard film projectors. The picture signal is trans-
mitted to a television receiver at the theater. In the television room, the
picture reproduction on the sereen of the kinescope is photographed,
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developed, and dried in less than 1 min to provide motion-picture film
for the regular projectors.

The picture and sound signals from the source of the program can be
transmitted to the theaters by special telephone lines in a closed-circuit
link, or by microwave radio-relay links. In either case, the transmission
for theater television is outside the commercial television broadeast
channels. The scanning standards and bandwidth requirements are not
limited by the 6-Mc broadcast channel, therefore, and the specifications
for theater television can provide picture quality equal to 35-mm com-
mercial motion-picture film.

8-8. Subscriber Television. Systems of coded or secret television
transmission have been proposed where the modified signal from a con-

————— .

= v sl I i »

Fia. 89. Picture reproduction in Phonevision system. (a) Without coding signal at
receiver. (b) With coding signal. (Zenith Radio Corp.)

ventional transmitter can be received as a clear intelligible picture only
on a receiver supplied with a decoding signal to correct the picture repro-
duction. The purpose of such a coded transmission is to provide a means
of charging and collecting a fee for special program material, such as
first-run motion pictures, which would not normally be available to tele-
vision stations and advertisers because of excessive costs. In effect, the
system provides a box office for television broadcasting. In one arrange-
ment called Phonevision the ordinary telephone line of the subscriber is
used to supply the coding signal needed to correct the scrambled picture
broadcast by the television transmitter; in another system known as
Subscriber-Vision a punched card with coded holes in it must be used at
the receiver to correct the scrambled picture. Subscriber television
systems have been tried on an experimental basis as an auxiliary service
to regular television broadcasting to provide special programs.
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The method of making the video signal private consists of changing the
phase relation between the synchronizing signals and the picture informa-
tion at irregular intervals. Sometimes the camera signal variations of the
video signal are phased normally with respect to sync while at other times
the sync is phased incorrectly. Changes between the two types of signal
are entirely random so as to give the system secrecy. Because of the

TasLE 8-2. R-F anNp I-F Amrunirier TuBEs

Typical operation and eharacteristies—
class A, amplifier

. Remarks*
Type y Girid-bias s
Plate | Screen G,
volts
volts volts pmhos
(approx)
GAGH 250 150 | —1.5 5,000 | 7-pin miniature glass; sharp-cutoff

pentode; —8-volts approx cutoff;
r-f or i-f amplifier

6AN4 200 o —-1.3 10,000 | 7-pin miniature glass triode;

—7 volts approx cutoff; u-h-f
amplificr-mixer

6AUG 250 150 | —1 5,200 | 7-pin miniature glass; sharp-cutoff
pentode; —6.5 volts approx cut-
off; limiter in FM circuits; i-f

amplifier
6BAG 250 100 | —1to —20( 4,400 [ 7-pin miniature glass; remote-
cutoff pentode; i-f amplifier
6BQ7-A 150 S —-1.2 6,400 | 9-pin miniature glass; medium-mu

twin-triode; values for each unit;
—10 volts approx cutoff; r-f
amplifier for u-h-f and v-h-f
6CB6 200 150 [ —2.2 6,200 | 7-pin miniature glass; sharp-cutoff
pentode; —8 volts approx cutoff;
r-f or i-f amplifier

6J6 100 e 1.0 5,300 | 7-pin miniature glass; medium-mu
twin-triode; values for each unit;
—4 volts approx cutoff; local
oscillator, mixer, r-f amplifier

* The applications noted are typical but not all-inclusive.

scrambled signal the resulting picture reproduction is blurred, with the
image moving back and forth horizontally at a slow irregular rate.
Figure 8-9a shows how the blurred picture looks on a receiver not supplied
with the decoding signal, while b is the same picture after being cleared up
by the key signal at the receiver.

8-9. Receiver Tubes. Tables 8-2 to 8-5 list examples of tube types
often used in television receivers. The tabulations do not include all
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possible tubes since there are many types available and additions are
constantly being made. However, the tubes listed are typical and they
indicate some important characteristics of television receivers.

R-F Amplifier Tubes. The tube types in Table 8-2 are intended for
wide-band or high-frequency service, featuring high values of transcon-
ductance with small interelectrode capacitances. Figure 8-10 shows the
6CB6, which is a typical miniature glass tube for high-frequency work.
The height of the tube is only 114 in. and the miniature construction
allows smaller tube capacitances. The high-frequency twin-triode tubes

Rl 3O,
Fic. 8-10. Miniature glass tube with 7-pin base. (RCA.)

6J6 and 6BQ7-A are often used in the r-f amplifier stage because of the
low noise rating of triodes.

R-F Oscillator and Mixer Tubes. Separate oscillator and mixer stages
are generally used for frequency conversion in the superheterodyne tele-
vision receiver because of the high frequencies. An r-f amplifier tube,
such as the 6AGS5, 6CI36, or 6.J6, is suitable for the mixer stage. The local
oscillator uses a miniature glass triode having medium mu, like the 6J6,
which can sustain oscillations at the high frequencies required. The 6J6
twin-triode is often used, with one triode section as the oscillator and the
other triode as the mixer. The 9-pin miniature glass type 6X8 is a
triode-pentode converter tube suitable for the v-h-f television channels,
providing performance comparable to a 6AG5 mixer with one triode sec-
tion of the 6J6 as oscillator. For the u-h-f channels, a crystal diode is
commonly used for the mixer.

Video Amplifier Tubes. Referring to Table 8-3, the 6AC7, 6AG7, and
6CL6 feature high transconductance with low tube capacitances for
wide-band amplifier operation; also, they can supply enough video signal
output voltage to drive the kinescope grid-cathode circuit without intro-
ducing too much amplitude distortion. These tubes are generally used
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TaBLE 8-3. VipEo AMpLIFIER TUBES

Typical operation and characteristics
of class A, amplifier

Type Remarks

Plate | Sereen | Grid-bias G,y

volts | volts volts pmhos
6ACT 300 150 -1.6 9,000 | Octal, sharp-cutoff pentode
6AGT7 300 150 -3 11,000 | Octal, power pentode
6CL6 300 150 -3 11,000 | 9-pin miniature glass pentode
6 K6 250 250 —18 2.300 | Octal, power pentode, output tube
6V6 250 250 —12.5 4,100 | Octal, power pentode, output tube
7C5 250 250 —12.5 4,100 | Loctal, power pentode, output tube

when there is just one video amplifier stage. With two video amplifier
stages, one of the audio output tubes 6 K6, 6V6, and 7C5 is generally used
in the video output stage because of the larger grid signal swing. The first
video amplifier stage can use a sharp-cutoff r-f amplifier tube like the 6AUG.

Deflection Amplifier Tubes.

Power tubes are required in the deflection

circuits. Referring to Table 8-4, note that the horizontal output tubes can
TasLe 84, DEFLECTION PoweEr Ampruirier TUBEs
Maximum ratings for
magnetic deflection in Plate
Type 525-line 30-frame system dlS‘Sl- Remarks®
pation,
Plate | Screen | Grid-bias | watts
volts | volts volts
6AUS-GT | 450 200 —50 10 Octal; beam power; horizontat
output
6BG6-G 700 350 —50 20 Octal; beam power; horizontal
output; 19BG6-G has 19.8-volt
heater for series filaments
6BQ6-GT | 500 200 —-50 10 Octal; beam power; horizontal
output; 25BQ6-GT has 25-volt
heater for series filaments
6CD6-(i 700 175 —50 15 Octal; beam power; horizontal
output
6CU6 550 175 — 28+ 11 Octal; beam power; horizontal
output
654 500 —50 7.5 | 9-pin miniature glass; medium-mu
triode; vertical output
12BH7 500 —50 3.5 | 9-pin miniature glass; medium-mu
twin-triode; vertical deflection
oscillator and output

* The applications noted are typical but not all-inclusive.
T —28 volts is typical control-grid bias.
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dissipate more power than the vertical output tubes. The 6BG6-G and
6CD6-G horizontal output tubes are physically larger than the GT types.
Figure 8-11 shows the 6BG6-G which has the plate connection brought
out to the top cap because of the high plate voltage. The 12BH?7 illus-
trates the twin-triode tube type with medium power capabilities, com-
monly used in the deflection and syne circuits because of the economy
of the double-tube arrangement. Additional twin-triode tubes with simi-
lar applications are the 12AU7 9-pin miniature glass tube and the
6SN7-GT octal tube. FEach section of the 6SN7 has the same character-

b s

Fia. 8-11. Horizontal power output tube Fic. 8-12. High-voltage rectifier tube.
613G6. The top cap is the plate connec- The top cap is the plate connection.
tion. (Sylvania Electric Products, Inc.) (RCA))

istics as the 6J5 medium-mu triode. The 12BH7 and 12AU7 have the
heater center-tapped for either 6.3- or 12.6-volt operation. The damper
tube in the horizontal output circuit is usually a diode power rectifier,
such as the 5V4, 6\W4-GT, and 6AX4-GT, featuring high-voltage insula-
tion from cathode to heater.

Rectifier Tubes. Table 8-5 lists several rectifier tube types for the
power supplies in a television receiver. For the low-voltage supply the
maximum permissible d-¢ output is the most important characteristic of
the rectifier. Full-wave rectifier vacuum tubes or selenium rectifiers are
generally used. Two full-wave rectifiers may be used to supply the
required load current of 200 to 300 ma. For the high-voltage rectifier
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tubes the maximum peak inverse voltage rating is most important. This
is the maximum voltage that can be applied to the tube in the inverse
direction, making the plate negative, without danger of arcing in the tube.
The high-voltage supply always uses a half-wave rectifier for the high-
voltage output of 9 to 18 kv, with a low-current drain of less than | ma,
Figure 8-12 shows a photograph of the 1B3-(i'T high-voltage rectifier,
which is an octal tube. The 1X2-A is a nine-pin miniature glass tube
with lower voltage and current ratings than the 1133-G'T.

TaBLE 8-5. REcTiFIER TUBES

Filament Maximum ratings
J, b n
TR ) Peak Peak |Averagc Remarks
. Am- | inverse | plate d-¢
Volts
peres | plate |current,joutput,
volts ma ma
5AW4 5.0 1,550 750 250
5T+4 5.0 2.0 | 1,550 675 225 | Full-wave rectifier for large d-¢
5U4 5.0 .0 1,550 675 225 load current
5Y3 5.0 2.0 1,400 375 125 | Full-wave rectifier for moderate
d-¢ load current
1B3-GT*| 1.25 ( 0.2 |30,000% 17 2 | Half-wave reetifier for high-
1X2/A 1.25 | 0.2 |18,000% 10 1 voltage supply
3A3 3.15 | 0.2 30,000t 1.5

* Formerly tube type 8016.
t Maximum frequency of a-e supply voltage, 300 ke.

Detectors. The GALS is a miniature glass twin-diode that is often used
for the video detector, a-g-¢ rectifier, discriminator or ratio detector for
the FM sound signal, and syne discriminator in the horizountal a-f-c cir-
cuit. Germanium and silicon erystal diodes also are commonly used in
such low-power detector applications.

8-10. Localizing Troubles to a Receiver Section. In order to localize
troubles, we can use three indieators in the television receiver: the illumi-
nated raster, the picture, and the sound. Several examples are given
here to illustrate how these indicators can help to localize a trouble.
These are based on the typical receiver shown in Fig. 8-13, using inter-
carrier sound with the 4.5-Me sound take-off in the second detector out-
put cireuit and having a high-voltage supply that operates from the hori-
zontal deflection circuits.

No Illumination, with Normal Sound. 1In this case, the kinescope screen
is completely blank, without any light output or seanning lines and, there-
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fore, no picture. Even with video signal at the kinescope grid, the picture
cannot be reproduced unless the illuminated raster is present. The first
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 normally
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,

4.5 Mc 4.5 Mc Audio
Sound i-F |—{ FM sound [—~ o
amplifier detector amplifier
R-F 1-F ifi Second Video
unit amplifier detector amplifier
A-G-C bias | Y
Sync
* circuits
C?:‘(%TJ‘I\%S Low-voltage H
------------ N 2:;:’7; T RASTER

CIRCUITS

!

Vertical Vertical
deflection [~ deflection
generator amplifier
Horizontal Horizontal High-voltage
deflection —> :;";f;"e’:‘ power
Il
generator and damper supply

Fii. 8-13. Signal circuits and raster circuits in a typical television recciver.

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-¢ 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 deflec-
tion circuits are producing the a-c high-voltage input for the plate of the
high-voltage rectifier.

No Picture and No Sound, with Normal Raster. The normal raster indi-
cates that the kinescope, deflection circuits, and power supplies are
operating. This trouble is in the signal circuits, before the sound take-off
point, because both the picture and sound are affected. Or, the trouble
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can be in the a-g-c circuit waen it controls stages comman to -oth the
picture and so'ind signals. In Fig. 8-15 the cirzuits common ta the pie-
ture and sound signals are tke r-f section, i-f amplifier, second detector,
and a-g-c circuit. If the trouble occurs only on some chanr.els but not on
others the defect is probably in the r-f section, including the anteana and
transmission line, since this is the only part of she receiver opertting on
the r-f signal frequencies for each individual channel.

No Picture, with Normal Raster and Normal Scund. Figire 8-4< shows
the kinescope screen with just the raster. TkLe fact thas the -eceiver
produces the raster means the kinescope and the raster circuits £:e func-
tioning, which includes the vertical and horizontal deflection circuits and
the power supplies. In the signal circuits all th2 stages operating on the
sound signal must be normal. The one sectian in Fig. 8-15 ozerating
only on the signal for the kinescope grid is the video amplifier; therefore,
the trouble must be in this stage. It should be noted, though, that, in
receivers with an a-g-c amplitier directly coupled to the vileo anplifier,
a defect in the video amplifiar can affect the sound through t-e a-g-c
circuit.

No Sound, with Normal Raster and Normal Picture. Thz normal pic-
ture on the rasser means the kinescope, deflecticn circuits, sicturs signal
circuits and power supplies ace operating. The trouble must bz in the
sound circuits, after the sound take-off point, bzcause only the sound is
affected. In Fig. 8-15 this includes the 4.5-Mc sound take-off c:>cuit 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 t-acing to find
out which circtit does not pass signal.

Only a Horizontal Line on the Screen. Figure 8-4b shows Low the
kinescope screen looks with horizontal deflection only. The fisst step
necessary is to find the trouble in the raster circuits. Any illumination
on the screen means the kinescope and its auxiliary circuits fcr low-voltage
and high-voltage d-c operating potentials are functioning. The hori-
zontal deflection circuits are producing the horizontal line on the kine-
scope screen. Only vertical deflection is missing. Thereforz, the srouble
must be in the vertical deflection section of the raster ciccuits, which
includes the vertical deflection generator and the vertical output stage.

No Raster and No Sound. 'The screen is corpletely blank, “ithout
illumination, and there is no sound. 'This trouble means the raster cir-
cuits and signal circuits are not operating. Thz defect must be in the
low-voltage power supply, since this is the only receiver sectinm that
affects both the raster and the signal. Either there is no a-c input power,
or the low-voltage supply is not producing B4 voltage output.
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REVIEW QUESTIONS

. How is the image reproduced on the screen of the picture tube?
What is the function of the antenna and the transmission line?
What is the function of the r-f tuning section?

What is the function of the sound take-off circuit?

What is the function of the sound i-f amplifier section?

What is the function of the FM sound detector stage?

What is the function of the picture i-f amplifier section?

What is the function of the video detector?

What is the function of the video output stage?

10. What is the function of the sync separator circuits?

11. What is the function of the vertical deflection generator and amplifier stages?

12. What is the function of the horizontal deflection generator and amplifier stages?

13. What is the function of the low-voltage power supply?

14. What is the function of the high-voltage power supply?

16. Give one feature of the 1B3-GT high-voltage rectifier tube.

16. Give one advantage of miniature glass r-f amplifier tubes like the 6CB6 com-
pared with a metal tube such as the 6SH7.

17. In projection television give two reasons for the reduced brightness of the
projected picture compared with the brightness of the original image on the face of the
kinescope.

18. Describe briefly two features of theater television.

19. Why is the anode voltage on a projection kinescope for large-screen theater
television higher than the anode voltage for a direct-view kinescope?

20. Referring to the receiver diagram illustrated in Fig. 8-2 classify all the blocks
according to raster circuits, circuits for the picture, sound signal circuits, and circuits
common to both the picture and sound signals.

21. For the receiver block diagrams in Figs. 8-2 and 8-13 explain how a trouble
could be localized to one section of the receiver, for the following:

a. No picture, with normal raster and normal sound.
No sound, with normal raster and normal picture.
No picture and no sound, with normal raster.
Only a horizontal line on screen, with normal sound.
No raster, with normal sound.
. Weak picture with little contrast, on some channels but not others.
No raster and no sound. Tube filaments are lighted.
. Norasterand nosound. None of the tube filaments is lighted.
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CHAPTER ¢

PICTURE TUBES

As illustrated in Fig. 9-1, the picture tube, or kinescope, is a funnel-
shaped cathode-ray tube consisting of a vacuumed envelope, an electron
gun, and a luminescent screen. The gun serves to produce and direct a
narrow beam of electrons down the length of the tube toward the screen.
To form the screen, the inner surface of the wide glass face of the tube is
coated with a luminescent material which produces light under impact of
the bombarding electrons. A deflection system at the neck of the tube
deflects the electron beam over the
entire surface of the screen to pro-
duce the raster. With video signal
at the control grid of the electron
gun to vary the beam intensity, the
picture information is reproduced on
the screen.

9-1. Deflectionand Focus. Either

magnetic or electrostatic defleetion
may be employed for a cathode-ray
tube, but practically all picture tubes
use magnetic deflection. The de-
flection yoke containing the scanning o, 9.1, A 20-in. e AT
coils is mounted externally on the picture tube. (Sylvania Electric Prod-
neck of the kinescope, asshown in Fig.  ucts, Inc.)
9-2. Focusing of the electron beam may be either electrostatic or mag-
netic. With electrostatic focusing, the voltage on the focusing grid of
the electron gun within the tube controls the focus. When magnetic
focusing is used a focusing magnet is mounted externally on the tube over
the electron gun, as in Fig. 9-2. The focusing magnet may be cither a
permanent magnet (pm) or an electromagnetic (em) coil magnet.

As shown in Fig. 9-2, the deflection yoke is mounted where the envelope
begins to flare out, with the rubber cushion at the front of the yoke’s
housing pressing lightly against the cone of the tube. If the yoke is
placed too far back toward the tube base, the beam will be deflected off

151
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the screen for large deflection angles and the corners of the raster will not
be visible. The yoke can be turned slightly in its housing, by loosening
the wing nut at the top and moving it to the left or right, to make the
edges of the raster parallel to the mask of the picture tube. Figure 9-3
shows a typical kinescope deflection yoke. Yokes with nonuniform wind-
ings for the deflection coils, which become progressively thinner toward
the front opening because of a cosine or cosine-squared winding distribu-
tion, are called anistagmatic yokes. They have the advantage of improv-
ing the focus at the edges of the raster. However, pin-cushion or barrel
distortion may result, with the edges of the raster bowed in or out, requir-

Anode
connection

Deflection yoke

i RO <

Fi1G. 9-2. Control units mounted on neck of picture tube using magnetic deflection

and magnetic focus. (12CA.)

ing the use of correction magnets as illustrated by the pin-cushion mag-
nets mounted on the deflection-yoke housing in Fig. 9-5.

The focus magnet is mounted just behind the yoke, with a space about
L5 in. or less between them. In order to focus the scanning lines in the
raster the physical position of the focus magnet ring can be adjusted by
moving it back and forth along the length of the tube, and turning the
magnet slightly to the left or right. Best focus is usually obtained with
the tube neck approximately centered in the hole of the ring magnet. A
focus coil with about 5,000 turns carrying approximately 100 ma direct
current provides the magnetic field strength required for correct focus,
with an anode voltage of 10 to 15 kv. Usually, a fine-focusing adjust-
ment is also provided. Either a rheostat varies the current through the
focus coil, or a movable iron ring functions as a magnetic shunt for a pm
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focus magnet, as illustrated in Fig. 9-4. The thumbscrew focusing
adjustment shown here moves the iron sleeve back and forth along the
axis of the kinescope to vary the magnetic focusing field.

The pm focus magnet in Fig. 9-4 also has a centering ring, which is
eccentric with the center hole in the magnet. The lever on the centering
ring can be moved up or down and left or right to provide mechanical
centering by changing the direction of the magnetic focusing field. Elec-
trical centering can be provided by rheostats to vary the direct current
through the horizontal and vertical scanning coils, but this is not com-
monly used beeause of the added current drain on the low-voltage power

s Centering adjustment

5 V= Magnet
Cecii] _— Mounting

bracket

__Fine focusing
i ‘J adjustment

| _~Magnetic ring

R i

F1a. 9-3. Kinescope deflection yoke, F1e. 9-4. A pm focusing ring magaet, with
(RCA.) magnetic shunt and centering ring.

supply. In addition to these centering adjustments, moving the focus
magnet off the center axis of the kinescope, or tilting the magnet, changes
the centering of the electron beam. Moving the focus magnet hori-
zontally changes the vertical positioning of the electron beam; moving the
magnet vertically changes the horizontal positioning.

Kinescopes using electrostatic focus and magnetic deflection must have
a separate centering magnet, when no d-¢ centering current through the
yoke is provided, because there is no magnetic focus field that can be used
for centering. The centering magnet is mounted on the neck of the
kinescope about 34 in. behind the yoke, as shown in Fig. 9-5. Two wire
rings in the magnet can be rotated to center the picture horizontally and
vertically.

9-2. lon Spot in Magnetic Picture Tubes. When magnetic deflection
is used for the kinescope, a brown spot can form at the center of the screen
because of bombardment by ions. This circular brown area is called an
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ton spot. It has a diameter of about 1 in. on a 20-in. screen. The spot
is produced by negative ions emitted from the cathode, which have the
same charge as electrons but a much greater mass. The ions are part of
the beam current but they are not deflected as much as the electrons when
magnetic deflection is used. As a result, the center area of the screen is
constantly bombarded by the ions, causing a brown burned spot that is
insensitive and does not produce any light.

Since the ions have a very large mass, compared with the electrons,
their velocity is low and there is little ion current in the beam. The
magnetic field associated with this small value of ion current is weak.

Kinescope
/Smgle-bar
Rubber cushion for yoke ‘_‘1 magnet
Defl. :
yoke adj. Pin-. Y Electron
cushion /‘,\_I
Q magnet E s LS
T
[ Defl.yoke | \'°"5
(a)
Double-ring
/ magnet
= Electron
= | s - oam
=
Y e
(b)
F1e. 9-5. Centering magnet mounted on  Fia. 9-6. lon-trap arrangements. (a)
kinescope. Bent-gun. (b) Slashed-field type of elec-
tron gun.

The resultant force produced by the magnetic deflecting field is small,
therefore, and there is very little deflection of the ions. The electrons in
the beam are deflected by the required amount, however, because their
velocity is high, producing a relatively large value of current and a strong
magnetic ficld to react with the deflecting field. In electrostatic deflec-
tion, the amount of deflection is independent of the mass of the particles
in the electron beam and the ions are deflected to the same extent as the
electrons. No ion spot is produced with electrostatic deflection, there-
fore, because the energy of the bombarding ions is distributed over the
entire screen.

The most common method of eliminating the ion spot in magnetic-
deflection tubes employs an ion-trap arrangement to prevent the ions
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from reaching the sereen. ‘The total cathode beam current, including
eleetrons and ions, is made to leave the eathode at such an angle that the
heam would strike the side of the tube instead of the sereen, as illustrated
in Fig. 9-6. A steady magnetic field introduced near the eathode then
alters the path of the electrons only, so that the electron beamn can be
focused and deflected on the sereen.  The ions strike the side of the anode
where they become part of the anode waste eurrent that never reaches the
screen.  The beam current from the cathode is aimed off the sereen by
using either a bent gun as in a of Fig. 9-6 or a slashed field in b, which pro-
vides an electrostatic field that defleets the total beam current away from
the axis of the tube.

The magnetic field required to deflect the electron beam back to the
sereen is provided by a small external magnet, which is called the ion-trap

Fra. 9-7. lon-trap magnets. (a) Double-magnet type. (b) Single-maguet type.
(Clarostat Mfy. Co., Inc.)

magnet.  This magnet provides a constant magnetic field with lines of
force perpendicular to the beam axis. By rotating the ion-trap magnet,
its transverse magnetic field can be positioned to provide the defleetion
needed to move the electron beam back toward the center.  The mag-
netic field has no substantial effect on the ions and they do not reach the
screen. The ion-trap magnet can be a coil magnet supplied with direct
current for the steady magnetice field, but pm ion-trap magnets are most
common. Figure 9-7 shows two types of ion-trap magnet. Such a mag-
net is also called a beam bender. The required field strength of a single-
bar ion-trap magnet for a bent-gun arrangement is about 30 to 50 gausses!
with anode voltages of 10 to 16 kv. The single-bar ion-trap magnet is
generally used with the bent-gun arrangement, which is most common in
picture tubes.

1 The gauss is an clectromagnetic unit of magnetie-field strength.  One gauss equals
one magnetie line of force per square centimeter.



156 BASIC TELEVISION

Figure 9-2 shows how the ion-trap magnet is mounted on a kinescope
using magnetic deflection. Note that the smaller and weaker magnet is
at the front, toward the screen. The magnet is placed approximately
over grid 2 of the electron gun, near the tube base. By moving the
magnet along the length of the tube about 14 in. forward or backward and
rotating it slightly at the same time, the position can be found that bends

TaBLE 9-1. ScREEN PHosrnoRrs roR Catnove-ray TuBEs

Phosphor Color Persistence Remarks
number
1’1 Green Medium Generally used for cathode-ray tube in
oscilloscopes
P2 Blue-green Long For speeial oscilloscopes and radar receivers
P3 Yellow-green | Medium Obsolete
P4 White Medium Generally used for television picture tubes.
White is produced by combination of blue
and yellow fluorescence. Has more blue
than yellow to produce bluish-white like
daylight
P5 Blue Very short | Used for high-speed photography of oscillo-
scope traces
P6 White Medium Flat white, for picture tubes used with color
filters in mechanical color television system
P7 Blue-white Short Used for radar receivers, Two-layer (cas-
Yellow Long cade) screen
P11 Blue Short Used in oscilloscopes for visual or photo-
graphic observation
P12 Orange Long Used for radar receivers
Pl4 Blue Short Used for radar receivers. Two-layer (eas-
Red-orange |Long cade) screen
P15 Blue-green Very short | Used as flying-spot scanner for camera pickup
and near
ultraviolet
P16 Near Very short | Used as flying-spot scanner for camera pickup
ultraviolet
P22 Red, green, Medium Used for color television picture tubes
and blue

the electron beam back to the screen. A small misadjustment of the
position of the ion-trap magnet, or reversed direction of the magnetic
field, will throw the electron beam and the scanning raster off the screen,
resulting in no brightness. The ion-trap magnet should be adjusted
exactly for maximum brightness on the screen.

9-3. Screen Phosphors. The inside surface of the wide glass face of
the picture tube is coated with a chemical phosphor, which has the
luminescent property of emitting light when bombarded with electrons,
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thereby converting the electrizal signal into visitle light. Light radiating
from the screen as it is excited by the electron beam is called lumi-escence.
When the radiated light is exsinguished practicelly instantaneowly after
the electron-beam excitation has ceased, the screen is fluorescen!. Con-
tinued emission of light after excitation is calleC phosphorescence.

Table 9-1 lists the screen phosphors and their characteristics. Some
persistence of screen illumination after excitation by the electron s:anning
beam has ceased is desirable for a picture tube L ecause this increases the
brightness. However, the persistence time must be less than th.2 frame
period of 14¢ sec, so that one frame of the imagz cannot persist into the
next frame to cause blurring of moving objects .n the picture. For pic-
ture tubes, therefore, it is ustally desired that the screen produee white
light with a medium persisten:e, as typified by tae P4 phosphor. In the
P4 phosphor, after removal of excitation, the blue component of the
emitted light decays to 1 per cent of its initial value in about 0.005 sec,
and the yellow component has a decay time of about 0.06 sec.

The phosphors used for catbode-ray tube screens are compouncs of the
light metals such as zine, cadmium, and calcium. Screens are g-merally
made with several phosphors, which are combined to provice the desired
color and persistence characteristics. The phosphors meking up the
screen material are ground until very fine particles of uniZorm =ize are
obtained, and the material is applied to the glass face of the tube as a
uniform layer. The phosphcr materials forming the screen a~z good
electrical insulators. The useful life of the screen depends on tke phos-
phors used and the operating conditions of the tube, but usually is 500 to
2,000 hr. with normal beam zurrent. Discoloration and a rradual
decrease in brightness are indications of the end of the useful life of the
sereen.

9-4. Metal-backed Screens. Some picture tubes have a smooth and
very thin metal coating, usually aluminum, app.ed to the back surface
of the luminescent screen. The metallic film is thin enough to allow the
electron beam to pass through to the screen when anode voltages of
10,000 volts or more are employed. Aluminur is commonly used for
the metal backing because it is readily vaporized and deposired as a film
It reflects light well, allows the zlectron beam to pass through fairly easily
and does not react with the phosphor to spoil thz screen characte sistics.
The aluminum film is very thir. but is sufficient to provide a light—<eflect-
ing surface and an electrical conducting plate on the back of the screen.

In ordinary cathode-ray tuhes the return path for the electron-beam
current that strikes the screen is obtained by secondary emission =f elec-
trons from the screen. These szcondary eclectrons are collected by the
second anode, allowing the screen to charge to approximately the second-
anode potential. The amount of sccondary emission from -he screen is
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limited, however. When very high anode voltages are used, therefore,
the screen may not be able to charge to the anode potential, remaining at
the highest positive potential to which it can charge. This is the sticking
polential of the screen, and it is not possible to have a higher effective gun
voltage for the tube than this value. As an example, if the second-anode
voltage for a tube is 15 kv but the sticking potential of the screen is 10 kv,
the effective gun voltage will be only 10 kv because this is the potential
Jifference between the screen and cathode. Such sticking of the screen
potential may be a serious disadvantage in picture tubes employing high
anode voltages of about 10 to 80 kv to obtain enough screen brightness.
With a metal-backed screen, however, no trouble is experienced with
sticking of the screen potential. The screen potential is essentially the
same as the gun voltage, even with extremely high anode potentials,
making it possible to obtain very high values of screen brightness. The
metalized screens are used only with tubes employing anode voltages of
10 kv or more, since there is little trouble with sticking potential for con-
ventional tubes operated with lower anode voltages. Above 10,000 volts
the energy loss due to the metal film is relatively small and the sereen is
at essentially the same potential as the second anode.

There are several other advantages provided by the metal-backed
screen. The ion spot is eliminated without thc need for an ion trap
because the slowly moving ions cannot pass through the metal film to
strike the screen. The conductive coating also makes the screen insensi-
tive to stray capacitance effects. Finally, the metal-backed screen
provides an important optical advantage for picture tubes. Light from
the screen that would radiate toward the inside of the tube is reflected
back from the smooth metal reflecting surface, increasing to a great
extent the amount of light available in front of the screen. This elimi-
nates the internal reflections, increasing the brightness and contrast in the
reproduced picture. The metal back effectively doubles the brightness
of the picture, compared with an unmetalized screen. The metal-backed
screen is used in the projection kinescopes shown in Fig. 9-8.

9-5. Types of Picture Tubes.! Table 9-2 lists some of the kinescope
tube types commonly used in television receivers, in order to illustrate
typical kinescope characteristics.

Type Designation. The type designation for each tube consists of
three groups of symbols.  First is a number of one or two digits giving the
approximate screen size by specifying the maximum dimension of the
faceplate in inches,"within 14 in.  For a round tube this is the diameter;
on a rectangular face the maximum dimension is the diagonal, as illus-
trated in Fig. 9-9.  The second symbol is a letter assigned by RETMA,
alphabetiecally in the order of registration for different tube types. Tubes

! Detailed data on kineseopes are given in manufacturers’ manuals for receiving tubes,
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with the same letter designation do not necessarily have the same charac-
teristics. For instance, the 5TP4 projection kinescope has a different
electron-gun structure than the 17TP4 direct-view kinescope. 'The third
symbol in the type designation consists of the letter P and the number of
the screen phosphor. As seen from the table, all the picture tubes use
the P4 phosphor, which has a white fluorescence with medium peraistence.
Another letter may be added to the type designation, as in the 19AP4-A

Fia. 9-8. Projection kinescopes 5TP4 and TW P (RCA.)

to indicate there has been a change in the design of the tube type but not
enough to justify a new type number. The new tube with the added
letter will always operate in the same circuits as the original tube but the
old tube may or may not work in all circuits where the new tube is used.
The letter A on many oscilloscope cathode-ray tubes indicutes a lower
first-anode current than the original design.  With picture tubes the
added letter often designates only a different kind of glass faceplate.
The Faceplate.  Picture tubes are made with a practically flat face and
screen. The use of a glass faceplate approximately L, in. thick provides
the mechanical strength required to withstand the air pressure on the
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vacuumed envelope. With a flat face, the tube can accommodate a
larger picture for a given diameter, as optical distortions caused by curva-
ture of the screen are reduced. The thick glass also makes it feasible to
construct the picture tube envelope with a rectangular face-plate. MMost
picture tubes now are made with a rectangular screen because this has the
advantages of eliminating the wasted screen area of a round tube and pro-
viding more compact installation in the receiver cabinet. As shown in
Fig. 9-9a, a rectangular raster with the 4:3 aspect ratio wastes part of the
circular screen at the top, bottom, and both sides. Usually, the width
adjustments in the receiver are set to make the raster reach the sides of
the circular screen, as in b, although the corners of the raster are then off
the screen.  The rectangular sereen accommodates the full raster without
any wasted screen area, as shown in c.

| 20 in. diameter _}

(b) c
Fia. 9-9. Size of raster on round and rectangular screens. (a) Rectangular raster on
round screen.  (h) Full-width raster on round screen.  (c¢) Rectangular raster filling
rectangular screen,

The faceplate can be manufactured with a neutral light-absorbing
material in the glass, making it gray, in order to incrcase the optical
contrast in the picture by reducing the room lighting’s reflections from
the screen. The gray glass is an effective filter for reducing the intensity
of the undesired reflections because these light rays must go through the
dark glass at least twice before being reflected outward te the viewer,
while direct light from the phosphor passes through the faceplate only
once. Compared with a clear glass faceplate, approximately 65 per cent
of the light from the screen is transmitted through the gray faceplate.
When the screen brightness can be made high enough to allow for this
attenuation, however, the contrast is then increased by about the same
amount as the loss of light through the filter. In addition to the use of
gray glass, the faceplate can be etched or frosted, like a frosted light bulb.
The frosted faceplate diffuses reflections of bright objects in the room,
which might otherwise be objectionable when reflected from dark areas
of the picture. The faceplate types available for some common kine-
scopes are noted in the ‘“ Remarks’ column in Table 9-2.

Tube Base. Kinescopes using magnetic deflection generally have the
small-shell, duodecal (12-pin) base, which has a diameter of 13{¢ in.
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When the spacing is for 14 pins the base is called déheptal. The bidecal
base is for 20 pins; .1 magnal base is for 11 pins. Figure 9-10 shows
kinescope socket connections for several tube bases. The number given
with the type of base states how many pins are actually on the base.

(b)

Fia. 9-10. Common duodecal base and socket connections for magnetie-deflection
kinescopes, bottom view. (a) 20CP44A, 5-pin.  Typical for tubes with magnetic focus
or self-focus. (b) 17TP4, 6-pin. Typical for tubes with low-voltage electrostatic
focus. The nomenclature is as follows:

H—Heater P,—First anode

K—Cathode P,—Second anode

(i,—Control grid >—Anode

Go—Accelerating grid CL—DMetal-shell lip (anode connector)
G;—Ultor grid C—External conductive coating
Gy—Focusing grid IC—Internal connection (do not use)

Gs— Ultor grid

For instance, the duodecal 5-pin base has space for 12 pins but only
pins 1, 2, 10, 11, and 12 are used.

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

Fia. 9-11. Round glass picture tube, type
12L.LP4. Note the external conduetive
coating on the glass bulb, which is insu-
lated from the anode connection. (Syl-
vania Electric Products, Inc.)

connector on the side of the cone is used, instead of connecting to the tube
base. This is usually a small recessed hole of about 14 in. diameter into
which a ball-spring connector fits to contact the anode coating on the
inside wall. As shown in Fig. 9-11, glass kinescopes usually also have an
external conductive coating on the cone, which is insulated by the glass
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from the anode wall coating inside. The outer coating must be connected
to chassis ground. The ground connection is generally made by spring
contacts that brush against the coating. This provides a filter condenser
of about 500 to 2,500 uuf for the anode high-voltage supply, with the
external coating as one plate, the anode coating the other plate, and the
glass bulb the insulator between the two plates of the condenser.

For metal tubes the metal cone is the anode. In the construction of a
metal tube the faceplate, the narrow elbow containing the electron gun,
and a small part of the cone are glass but these are made individually
and then sealed to the metal shell, which is a chromium-iron alloy,
Figure 9-12 shows a metal kinescope. The advantage of this metal-
envelope construction is its lighter weight, compared with an all-glass

Bt e |

35°
70%

F1G.9-12, Metal-cone kinescope. (RCA.) Frg. 9-13. Kinescope with deflection
angle of 70°,

tube, especially for large tubes with a screen diameter of 16 in. or more.
For the high-voltage connection on metal kinescopes, a metal strip con-
tacts the metal rim around the faceplate.

Deflection Angle. 'This specifies the maximum angle through which the
beam can be deflected to fill the screen without striking the sides of the
tube. The deflection angle for typical kinescopes is 50 to 90°. This
refers to the total angle. As shown in Fig. 9-13, a deflection angle of 70°
means the electron beam can be deflected 35° from the center line of the
tube. For rectangular kinescopes the maximum deflection angle is
between two diagonally opposite corners of the screen. A kinescope with
a wide deflection angle has a shorter bulb, allowing installation of the
kinescope in a smaller receiver cabinet.

Low-vollage Electrostatic Focusing. In a Kinescope using magnetic
deflection and electrostatie foeusing like the 5TP4. the focusing eleetrode
requires about one-fifth the anode high voltage. In this type of electron
gun, the beam is accelerated to one-fifth the high voltage and then



164 BASIC TELEVISION

focused by further acceleration to the full anode voltage. A later type of
electron gun that uses lower voltage for the focusing grid is illustrated in
Fig. 9-14. Grid 1 is the control grid, grid 2 is the accelerating grid, grids
3 and 5 are connected internally to the anode, and grid 4 is the focusing
electrode. With this deceleration type of electron lens the B supply can
provide the focusing voltage, which may be between —30 and 300 volts,
approximately. In a self-focus kinescope, the focusing grid connects
internally to the cathode through a resistor, and no focusing adjustment

is needed.

lon trap Centering
Glass neck magnet magnet 2
secion | oo : L7
Ba§e \ : s i\

: ' Elect G e
ectron _2~"  electron beam
== Q—b y beam __-"~
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ERAS Y

|
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fofroy e e o s Conductive
Cathode / / / lon / ZDN () coating
beam 4 L
Grid Grid Grid
No.1 No. 3 No. 5
Grid Grid Deflecting
No. 2 No. 4 yoke

Glass funnel Xy

Fic. 9-14. Magnetic-deflection kinescope using low-voltage electrostatic focusing.
Note the internal connection of grids 3 and 5 to the anode, and the position of the
centering magnet. (RCA.)

Grid 3 and grid 5 in Fig. 9-14, which connect internally to the anode,
are indicated collectively for convenience by the term ultor. The ultor
is the part of the electron gun that has the highest accelerating voltage
prior to deflection of the beam.

9-6. Control-grid Characteristic Curves of Picture Tubes. As shown
in Fig. 9-15, the transfer characteristic curves of picture tubes are similar
to the grid-plate characteristic curves for amplifier tubes. The kinescope
control grid has a fixed negative bias and the video signal voltage varies
the instantaneous grid voltage, varying the amount of beam current and
the light from the screen. At cutoff, the grid voltage is negative enough
to reduce the beam current to a value low enough to extinguish the beam,
which corresponds to the black level. The parts of the screen without
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any luminescence look black in comparison with the adjacent white areas.
The cutoff bias for kinescopes is about 50 volts, ranging from —33 to
—77 volts, depending upon the control grid-cathode spacing.

As the a-c video signal swings in the positive direction to make the
control grid less negative, the beam current increases. The slope of the
steep part of the kinescope characteristic curve is approximately 2.2,
providing a gamma of 2.2. It should be noted that the values of the grid
voltages shown in Fig. 9-15 are positive signal volts applied in addition to

E,-6'.3 volt's l l E,-S'.3 volt's
220 |.Ultor (grids-No. 3 and No. 5 2.2 |-Utltor (grids-No. 3 and No. 5
|and collector ) Volts = 14,000 : | and collector ) Voits = 12,000 to 16,000
200 Grid-No. 4 volts adjusted to give focus g/ Grid No. 1 biased to cutoff of
[~ 1at average raster brightness — [/ "] 2.0 —— undeflected focused spot
Grid No. 1 biased to cutoff of / !
180 ——iundeﬂected :ocus'ed spot +—¢ 18
) Raster size =143 x11 / /
é 160 S @ 1.6 %
3140 — i 814
g Grid No. 2 volts= / £ S /
120 209 Z12 5/
@ E
€100 £ 0 /
% / / 3
5 80 g 08 [/
= / / 2 Grid No. 2 volts =
3 < 200
T
oA/ o 77 /
|
20 A/ 02 / %/
o % 7
O 1
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 7¢
Video signal volts from cutoff Video signal volts from cutoff
(a) (b)

Fig. 9-15. Average grid-drive characteristics of 17TP4 kinescope. (a) Highlight
brightness vs. grid drive. (b) Anode-Ultor current vs. grid drive. (RCA.)

the cutoff bias voltage. For a value of grid-driving voltage 20 volts posi-
tive with respect to a typical cutoff bias of —50 volts, the actuwal grid
voltagebecomes —30 volts. Referring to Fig.9-15 the corresponding heam
current 20 volts from cutoff is approximately 50 pa, with a grid 2 voltage
of 300 volts, and the highlight brightness is about 7 ft-lamberts.! For
a peak value of video signal voltage driving 45 volts more positive than
cutoff, the instantaneous grid voltage is —5 volts, the anode current is
slightly less than 600 pa, and the highlight brightness is a little more than

! The foot-lambert is a unit of brightness; 3.14 ft-lamberts equals the brightness
value of one candle per square foot of light-emitting surface.
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110 ft-lamberts. Projection kinescopes, using an anode voltage of 20 to
80 kv, produce highlight brightness values of 4,000 to 30,000 ft-lamberts,
with anode current of 1 to 6 ma. When the video signal voltage of vary-
ing amplitudes is applied to the control grid of the kinescope, the beam
current and screen illumination change with thz2 signal variations to
reproduce the desired picture information.

Video Signal for the Kinescope. With a cutoff voltage of —50 volts, in
order to use the operating range of the kinescope for full contrast the
amount of composite video signal required is approximately 70 volts, peak
to peak, including the sync-pulse amplitude. The video signal can be
applied either to the control grid of the kinescope or to the cathode. In
either case, the white parts of the video signal must make the instantane-
ous kinescope grid voltage less negative than the t ias, with respect to the
cathode voltage, producing more beam current and increased light.

Light Distortions. Several distortions of the signal-to-light relationship
may be produced in the tube. One is a faint halo of light around the
scanning spot, which is called halation. Some of the light radiated from
the spot of light produced by the beam is reflected internally at the front
and back surfaces of the glass faceplate. The internal reflections provide
secondary sources of light that produce a halation ring around the scan-
ning spot. Light from the screen can also radiate backward into the tube
when the screen is not aluminized, producing scaitering of the light from
the scanning spot.  Since the light is brightest or. the back surface where
the electrons strike the screen, the scattering of the light causes reflections
from the glass walls and the electron gun in the kinescope. Both the
halation and scattering effects reduce the optical contrast in the picture,
as they increase the light from black parts of the picture. Another dis-
tortion of the light spot is called blooming. This is an increase in the size
of the scanning spot produced by defocusing when the beam current is
excessive for the amount of accelerating voltage used. Blooming occurs
with peak positive signal voltages on the control grid, resulting in loss of
detail in the highlights of the picture.

9.7. Picture Tube Precautions. The anode vcitage for picture tubes is
usually 9,000 volts or more. Therefore, the sefety precautions impor-
tant in working with high-voltage equipment shoald be observed. Before
any part of the kinescope is touched, the power should be turned off and
the high-voltage filter condensers discharged. Picture tubes may be
operated with anode voltages up to 16 kv without producing harmful
X-ray radiation and without danger of persomal injury on prolonged
exposure at close range. Above 16 kv, special X-ray shielding precau-
tions may be necessary.

Picture tubes should be handled more carefully than smaller vacuum
tubes. The kinescope bulb encloses a high vacuum and, because of the



PICTURE TUBES 167

large surface area, the envelope has a strong force on it produced by air
pressure. For a typical 20-in. rectangular picture tube, the surface area
is about 1,000 sq in., and with an air pressure of approximately 15 Ib per
sq in. the total force on the bulb is 15,000 lb. The envelope is strong
enough to withstand this if there are no flaws and the tube is handled
gently. Do not strike or scratch the tube. When installing a kinescope,
if the tube sticks and does not slip into its mounting smoothly, investigate
and remove any obstacles. Do not force the tube.

The envelope of the kinescope should be clean and dry to keep the anode
well insulated. Dust on the glass faceplate of the kinescope can reduce
the brightness appreciably. To form an airtight dust seal, usually a
rubber strip is placed around the face of the kinescope where it fits into
the mask on the front panel of the receiver cabinet. The mounting is
illustrated in Fig. 9-16.

9-8. Picture Tube Requirements. In order to reproduce a picture, the
kinescope must be supplied with the necessary operating potentials and
video signal voltage by the receiver. These requirements include:

Heater Power. This is needed to heat the cathode to produce electrons
for the beam current. Most kinescopes require a heater voltage of 6.3
volts at 0.6 amp. If the heater is not lighted, there will be no beam cur-
rent and no screen brightness.

Ion-trap Magnet. Magnetic-deflection kinescopes use an ion-trap
magnet. If it is not positioned correctly or if the field of the magnet is
too weak, the electrons in the beam will strike the sides of the tube and
there will be no screen brightness.

High Voltage. A separate high-voltage supply is necessary to provide
the anode voltage for the picture tube. The anode voltage for 10- to
27-in. direct-view picture tubes is about 9 to 18 kv, with the higher anode
voltages used to produce sufficient brightness with the larger screens.
Projection kinescopes require 2n anode voltage of 20 to 80 kv. Without
high voltage, there is no beam current and no brightness,

Low-voltage Operating Potentials. The low-voltage power supply pro-
vides negative d-c¢ bias voltage, the positive accelerating grid voltage,
and possibly focusing current or voltage for the kinescope. The amount
of grid-bias voltage required is about —25 volts, with video signal input.
Excessive negative bias can cut off the beam current, resulting in no
brightness on the scrren. Insufficient negative bias can canse excessive
brightness, with blooming in the picture. In both cases, if the bias can-
not be varied around its normal value, there is no control of brightness.
The positive voltage for the accelerating grid is 200 to 400 volts. Refer-
ring to the kinescope characteristic curves in Fig. 9-15, it can be seen that
higher values of accelerating grid voltage allow more screen brightness and
a wider contrast range, but more video signal voltage is required. Cor-
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rect operation of the picture tube, therefore, depends upon normal opera-
tion of the low-voltage power supply.

Deflecting Current. The deflection circuits in the receiver must produce
the current required for the deflection coils in the yoke on the picture
tube, in order to form the scanning raster.

Video Signal. With ascanningraster on the screen, itisfinally necessary
to couple the video signal to the control grid-cathode circuit of the kine-
scope, in order to vary the screen brightness in accordance with the signal
variations and reproduce the desired picture. The amount of composite
video signal voltage required for most picture tubes is about 70 volts,
peak topeak.  Without any video signal there will be no picture, although
the scanning raster will be produced if all other voltages are normal.

Kinescope
face Focus Deflection
magnet. ki
s == I?] i
= :
i 3
i \Ion trap
..... —— magnet
: : JL 1B+ Anode
Heater Bias voltage

Rubber dust.seal

F1G. 9-16. A front-panel mounting for the
picture tube. The safcty-glass plate is on
the outside, with the dust scal between
the mask and kinescope.

voltage voltage
Fia. 9-17. Requirements for kinescope
operation. The partsshown in dark lines
are nccessary to produee brightness on
the sereen.

These requirements are illustrated in Fig. 9-17.  The heavy lines here
indicate the parts that must be operating normally to have any brightness
on the kinescope screen.  These inelude all the components except the
deflection yoke and the focus coil.

9-9. Substituting Picture Tubes. Aside from the mechanical problems
of mounting the tube in the cabinet, a larger kinescope can usually be
substituted for a smaller one in order to have a bigger picture. Only
magnetic-deflection tubes are considered; conversion from electrostatic to
clectromagnetic deflection is not practicable. The conversion is simpli-
fied by using a kinescope that has approximately the same deflection
angle and requires about the same anode voltage. For instance, the
16AP4 can be directly substituted for the 10BP4 because both have
approximately the same deflection angle and operate with an anode
voltage of 9 kv. With the same deflection angle, the deflection yoke
can fill the screen on either tube. The filament power, socket, and pin
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connections arz the same for both tubes, as is the accelerating g-id volt-
age.  Both tubes can use the same ion-trap mag et and the same “ocusing
coil. It should be noted thet tubes of the sarie type designation that
differ only in the kind of faceplate can be substizuted withcut any circuit
changes.

9-10. Picture Tube Troubles. ILow emission from the cothode and an
open heater are typical tube troubles. Operation of the heate- ean be
checked by logking into the glass neck near the base of the kinescope to
see if it is lighted. An open Leater means no emission and no brightness.
Low emission in the kinescope usually produces a distinctive weak pic-
ture, where the white parts of the picture have 1 silvery afpeare 1ce and
are as dark as the normally gray areas. It should be noted -shat an
internal short :n the kinescope from control grid to cathode, or eathode
to heater, can result in no control of brightness, with a weak picture.
A gassy pieturz tube causes blooming,.

Afterglow. This is a luminous spot produced at the center of the kine-
scope screen just after the receiver is turned off. The afterglow results
when the kinescope anode vol-age remains on th2 high-voltage filter con-
denser while the cathode is still hot, after the deflection circuits stop
operating. The remedy is to allow the high-valtage filter condenser to
discharge more quickly, so that there will not be snough anode vahage to
produce illumiration when the receiver is off. Since the discharge path
is through the cathode-anode beam current, less kinescope hias rcsults in
more beam current and a faster discharge. This is why turning up the
brightness, to reduce the kines:ope bias, just befcre or after switching the
receiver off, elirninates the afterglow.

Screen Burn. If there is no deflection but tae kinescope anade has
high voltage, the scanning spot will rest at the c2nter of the screen, pro-
ducing a very bright spot of light that can burn the fluoreseent coating of
the screen.  The result of burning the screen is a dark brown area which
does not produce light when excited by the electron beam, makizg that
part of the sereen useless.  Siice the energy of the clectron beam is con-
centrated on one spot without deflection, instead of being dist-ibuted
over the entire scrcen area, she excessive excization can destioy the
fluorescent properties of the s:reen. If a spot or a line is seen n the
screen, instead -f the scanning raster, the brightness should be -urned
down or the power disconnected to avoid burniag the screen. This is
especially criticel with projection kinescopes, which use very high anode
voltages.

REVIEW QUESTIONS
1. What are the basic parts of a picture tube? Give she function of each

2. How is a yoke for magnetic deflection mounted anc adjusted?
3. How is a pm focus magnet meunted and adjusted?
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4. Describe briefly three methods that may be used for centering the picture on the
kinescope screen.

6. Describe briefly two methods that may be used for focusing the beam on the
kinescope screen.

6. What is the ion spot? Give two methods of eliminating the ion spot.

7. Describe exactly how the ion-trap magnet is adjusted.

8. Why is the P4 phosphor generally used for picture tubes?

9. Give two advantages of an aluminized screen for a picture tube.

10. \What characteristics are evident from the picture tube number 21MP4?

11. Give two types of glass faceplate available for kinescopes, with their advantages.

12. Draw the base and socket connections (bottom view) for the 20CP4 picture
tube.

13. How is the high voltage generally connected to the anode in a glass picture tube?
In a metal-cone picture tube?

14. What is the function of the external conductive coating on the bulb of a glass
picture tube?

16. What is the advantage of a picture tube having a defiection angle of 70°, com-
pared with a 50° tube?

16. When a larger picture tube is used in place of a kinescope with a smaller screen,
explain briefly why the same receiver deflection circuits can fill the screen for either
tube when both tubes have the same deflection angle.

17. What is the advantage of a kinescope using low-voltage clectrostatic focusing,
compared with high-voltage electrostatic focusing and magnetic focusing.

18. Define the ullor in a kinescope.

19. From the average characteristics of the 17TP4 kinescope in Fig. 9-15, plot the
screen-brightness variations that would be produced with a sine-wave grid signal
having a peak value of 40 volts and a frequency of 60 cps. The control grid is biased
to cutoff. The accelerating grid potential is 300 volts.

20. Give two precautions to be observed when working with picture tubes.

21. If all operating potentials for the picture tube are normal but the heater is open,
what will be seen on the kinescope screen?

22. List the kinescope requirements for producing screen brightness.

23. Can the scanning raster be produced without having brightness on the kine-
scope sereen? Can brightness be produced on the kinescope screen without having a
scanning raster?



CHAPTER 10

POWER SUPPLIES

Because of the different requirements in the amount of d-c power
needed to operate the television receiver it generally has two power sup-
plies. A conventional B supply provides 300 to 400 volts at about 200 to
300 ma for the plate and screen circuits of the amplifiers. The high-
voltage supply produces about 9 to 18 kv anode potential for direct-view
picture tubes, with a current drain of less than 1 ma. Since the high-
voltage needs of the picture tube are so much different from the B supply
requirements, a common power supply is not practicable.

+370 d-¢ volts

T
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F16. 10-1. Low-voltage power supply for a television receiver.

10-1. Low-voltage Power Supply. The schematic diagram of a typi-
cal low-voltage power supply is illustrated in Fig. 10-1. This is a con-
ventional a-c operated B supply, using a step-up transformer from the
117-volt a-c power line and a full-wave rectifier. The high-voltage sec-
ondary of the power transformer furnishes about 400 volts from either
side of the winding to the center tap, for the two diodes of the 5U4-¢ full-
wave rectifier tube, providing a d-c voltage output of 370 volts at about
200 ma. In the a-c input C, and C, bypass both sides of the primary to
ground to filter out r-f interference from the power line. The safety
interlock S, is generally part of the receiver’s back panel, which must be

171
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on to complete the a-c input circuit when the on-off switch S: is closed.
Included in the power transformer are step-down secondary windings for
the filaments and heaters of all tubes in the receiver. The rectifier fila-
ment winding is separate because the B plus voltage is present here.
This winding must be insulated well enough to withstand the B+ voltage
to ground without arcing.

In the d-¢ output circuit the smoothing choke L is the loudspeaker field
coil; therefore the speaker cable must be plugged into its socket to com-
plete the B+ output circuit. Values for the filter choke are about 5
henrys inductance and 100 ohms d-¢ resistance. The large filter con-
densers C3, (s, Cs, and Cg are needed because the television receiver’s B
supply must have excellent filtering. 'The percentage of a-c ripple voltage
in the d-c output is normally about 1 per cent. Good filtering is neces-
sary because excessive hum voltage in the raster and signal circuits affects

+270 d-c volts
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Fic. 10-2. Low-voltage power supply with two full-wave rectifiers in parallel.

the reproduced picture. In addition, low frequencies such as 30 to 60
cps must be amplified without any mutual coupling between stages
through the B supply filter circuit as a common impedance. C; and C,
in parallel provide the input filter capacitance, which is effective in main-
taining a high d-c voltage output. The output filter condenser Cs
bypasses the a-c ripple around the d-c load circuits. A wire-wound
bleeder resistor is connected across the output terminals of the supply to
stabilize the output voltage and serve as a voltage divider to tap off the
different voltages required in the receiver. Cs is an additional filter con-
denser for the load circuits connected to the 135-volt tap.

Receivers that require about 300 ma d-c¢ current from the B supply
often use two full-wave rectifiers in parallel, as shown in Fig. 10-2, dou-
bling the permissible load current. The two full-wave rectifiers supply a
total d-¢ output of 370 volts at 300 ma, including 4270 volts and —100
volts with respect to ground. A two-section filter is used, as a higher
value of load current corresponds to a lower load resistance, which
requires more filtering. The voltage-divider connections illustrate supply
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voltages for the auxiliary circuits of a magnetic kinescope. Two taps
supply direct current through the horizontal and vertical deflecsion coils
of the deflection yoke on the kinescope to provide electrical centering of
the beam. Separate taps are used in order to make horizontal and verti-
cal centering independent of each other. However, these connections are
not necessary for a kinescope using mechanical centering. Direct cur-
rent for a focus-coil magnet can be obtained by econnecting the coil across
part of the bleeder, as in Fig. 10-2, if a pm focus magnet is not used. Or,
the focus coil can be used as a filter choke in series with the d-e output
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Fia. 10-3. Distribution of d-¢ supply voltages from two separate low-voltage power
supplies.  (Admiral Series 23 chassis.)

circuit.  Control-grid bias for the kinescope is available from the low-
voltage supply, by applying either a positive voltage to the cathode or
negative voltage to the grid. The total d-c¢ output voltage is generally
used for the accelerating grid of the kinescope and the deflection cireuits.

Instead of having two rectifiers in parallel, some receivers provide for
high values of d-c load current by using two separate full-wave B supplies.
Usually, the B supply for the deflection circuits has a higher d-¢ output
voltage. Figure 10-3 illustrates a distribution of B+ voltage from two
separate low-voltage power supplies. The full-wave rectifier Ve sup-
plies 4310 volts for the deflection circuits and the audio amplifier, plus
the r-f amplifier in the front end, which requires higher B4 voltage
because this stage consists of two triode sections connected in series for
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d-¢ supply voltage. The full-wave rectifier Vgo; provides 4190 volts for
the remainder of the signal circuits. The focus coil Lo is used as a filter
choke. Loy and Lgee are conventional chokes, as the receiver uses a pm
loudspeaker. It is important to note that the plate load circuit for each
stage is omitted in Fig. 10-3, which shows just the distribution of
the B supply voltages. There is no fuse for the low-voltage power sup-
plies, but the fuse /4 protects the horizontal deflection circuits and
high-voltage supply. This is general practice
in television receivers. Note also that the
triangle and half-circle markings on Caer,
which are at the connecting lugs, indicate
individual sections.  Figure 10-4 shows such a
multiple-section clectrolytic filter condenser.

Voltage Polarity with Respect to Ground.
Voltages both positive and negative with
respect to ground are available on the voltage
divider in Fig. 10-2 because of the ground
connection. The effect on the polarity of the
output voltage for different ground points on
a voltage divider is illustrated in Fig. 10-5.
The chassis ground potential is generally used
as the voltage reference, which is zero volts,
but this is not necessarily the most negative
point of the power supply. The center tap
on the high-voltage secondary, or any other
return connection on the winding, is the most
negative point. When this is connected to
ground, as in a of Fig. 10-5, all points on the

- P a voltage divider are positive with respect to
F1c. 10-4. Multiple-section, . . . .
S (G ceilme ground. In b point C on the divider is
can for mounting on chassis. grounded and point D, which is the negative
(Cornell-Dubilier Electric  peturn, becomes negative with respect to
Corp.) ground. This is often done to obtain negative
voltages for grid bias and other uses. In ¢ point A is grounded and
all voltages on the divider are negative with respect to ground because
the most positive point in the supply is connected to ground. This can
be done as long as no other point is grounded. Such an arrangement is
used for an inverted power supply, which provides d-¢ output voltage
negative with respect to ground.

It is important to note the arbitrary nature of assigning polarity. The
power supply will operate in exactly the same way if there are no ground
connections. Connecting any one point on the power supply to ground
has no effect on operation of the supply but merely provides output volt-

S
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age having the desired polarity with respect to the chassis ground, which
is a good reference point because it is a convenient return connection for
stages on the chassis.  For the connections shown in Fig. 10-5, point A
will always be more positive than B, C, or D, and D will always be the
most negative point on the supply, regardless of where the ground con-
nection is made.

10-2. Filament Circuits. The filament windings on a typical power
transformer for a television receiver are illustrated in Fig. 10-6.  Several

+ Atz oF 4 et ot g
RZ RZ RE =
F=—e +200v FE—+1000 FE— 1000
oov R 300v R,= c 300v RZ c
+100v Ji I —200v
Ry Rz = R E§
- D - D, 1o0v — D, _300v
(a) ® (c)
Fia. 10-5. Effect of moving the ground point on a voltage divider.
Power
transformer

E Lyl 6.3v at 0.6 amp ¢ To heaters

L1 6.3v at 8 amp

r 1

: gl«n: 6.3v at 0.6 amp
|

'

[]

g Ln'[ Sv at 3 amp for rectifier filament

i
L, 600v at 200 ma for
rectifier plates

Fic. 10-6. Filament windings on low-voltage power-supply transformer.

secondary windings are usually required. L, is for only the rectifier
filament, which needs a separate winding because it has the B+ potential
with respect to ground.  The tube heaters! that have no d-c potential and
can be connected to ground, which include practically all the tubes in the
receiver, are in parallel across Ly, However, the kinescope and damper
tubes may have a high d-c¢ cathode potential, requiring the heater and
cathode to be connected together in order to eliminate arcing between
these elements in the tube. In this case separate filament windings are
necessary, such as Ly, and Ly, which must have good insulation from
ground.

! A filament is a directly heated cathode, which emits electrons.  With an indirectly
heated cathode, the heating element is generally called a heater.



176 BASIC TELEVISION

Parallel Heaters. Figure 10-7 shows how the heaters are connected in
parallel across the filament winding of the power transformer. The fila-
ment chokes L; and L, shown in a are small r-f coils for decoupling between
stages to prevent feedback of r-f or i-f signal through the common filament
line. They have high impedance for r-f signal but practically none for the
60-cps filament current. Therefore, the heaters are effectively in parallel
with each other, as illustrated in b.  Note that all the filaments conneet

L 5
PN %‘ . g
¥ l} l} P
= = = = '—l—.-'- = = =
(a) (b)

Fi1G. 10-7. Parallel heater connections. (a) With series r-f decoupling chokes. (b)
Equivalent circuit for 60 cps.

to a common line on one side but the opposite side of each filament is
returned individually to chassis ground.

Series Healers. In receivers that do not have a transformer to step
down the a-c power-line voltage, the heaters of all the tubes are con-
nected in a series-parallel circuit across the a-c line. A typical circuit is
shown in Fig. 10-8. The heaters in the series string at the top of the dia-
gram all require the same filament current of 0.3 amp. The voltage

12SN7 12SN7 12SN7 EALS
25BQ6 12SN7 12SN7 6AT6

110-120v
60~ a-c 2516 6BAG 6AG5 0-3 |
! 2516 12SN7 6CB6 CI b

RZ
6ALS 42

On-off
1 switch

FiG. 10-8. Scries heater circuit.

across the entire string of series heaters is 100.6 volts. All the tubes in
the series string at the bottom of the diagram also require 0.3 amp. The
voltage across the series heaters in this string, however, is 87.8 volts.
Therefore, the 43-ohm series resistor R, is added to provide an /2 drop of
12.8 volts to make the total voltage 100.6 volts across this series string.
The two strings are connected in parallel with each other. The parallel
combination is in series with the separate string of three series heaters.
Here the two individual branch currents of 0.3 amp each add to produce
0.6 amp, with 18.9 volts across the string of three series heaters. The
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16GP4 kinescope filament and the 6X5 rectifier filament each require 0.6
amp at 6.3 volts but the 6J6 filament needs only 0.45 amp. Therefore,
the 42-ohm filament shunt resistor R, is added to provide a parallel path
for 0.15 amp around the 6J6 heater. The sum of 100.6 volts in series
with 18.9 volts equals 119.5 volts. The total filament voltage required,
therefore, is equal to the a-c line voltage.

Many different arrangements of series-parallel heaters can be used. In
general, the requirements are: (1) The total voltage of heaters in series
across the a-c line must equal 110 to 120 volts. (2) Heaters in series
must have the same current rating, or a shunt resistor like I; is con-
nected across the low-current filament to make the parallel combination
equivalent to the higher current filament. (3) Heaters in parallel must
have the same voltage rating, or a resistor like R, is connected in series
with the lower voltage heaters to provide the additional voltage drop
required. The filament resistors are often in a ballast tube. (4) Heaters

Fig. 10-9. Connections for heater with
two sections.  (a) Three-pin connections.
(b) Parallel connection. (¢) Series con-

nection,
6.3v, 12.6v,
0.3 amp 0.15 amp
(e) (b) (¢)

that have a relatively high d-c cathode potential, or are susceptible to
hum pickup, are connected close to the ground end of the series string.

Some tubes have the heater in two sections that can be connected in
series for 12.6 volts operation or in parallel for 6.3 volts. Figure 10-9
shows how the filament connections are wired for the two cases. The
12AU7 and 12AT7 miniature glass twin triodes are examples of tubes
with three filament pins for either series or parallel connection.

10-3. Voltage Doublers. A voltage doubler is a rectifier circuit in
which two condensers are arranged to charge on alternate half cycles and
to discharge in series with each other so that the two condenser voltages
are added in the output. The voltage doubler is capable of supplying a
d-c output voltage approximately twice the peak voltage of the a-c input
voltage. If, for example, the alternating voltage applied to the voltage
doubler has an r-m-s value of 100 volts, the d-¢ output voltage can be
2 X 141, or 282, volts. The input must be a-c voltage for doubler opera-
tion, although often no power transformer is used.

The circuit in Fig. 10-10 is a full-wave voltage doubler. When point
A of the a-¢ input is more positive than point B, the a-c input voltage
makes the plate of the rectifier tube V, positive with respect to its cathode.
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Plate current will then flow through the a-c input voltage source and V,
to charge C, in the polarity shown. During the next half cycle of input
voltage the cathode of rectifier tube V, is driven negative, making its
plate positive with respect to cathode, and the condenser C; is charged.
The output voltage across the two condensers in series with each other is
equal to twice the peak valuc of the a-c input because each condenser
charges to the peak value of the applied voltage. The circuit is a full-
wave rectifier, with the ripple in the d-c¢ output having twice the fre-
quency of the a-c input, because on both half cycles power is supplied to
the output by each rectifier and its filter condenser.

Positive
Positive acioitpct
d-c output
It . ’
v p——
A A-c B I ) G|~
input B G 2E
Lt rc x
v, c; |- Anputl
A —0
. L

Fic. 10-10. Full-wave voltage doubler Fig. 10-11. Half-wave voltage doubler
circuit. circuit.

The circuit in Fig. 10-11 is a half-wave voltage doubler. When point
B of the a-c input is negative the plate of the rectifier tube V, is driven
positive and plate current flows to charge the condenser C) to the peak
value of the applied a-c voltage. This peak voltage is indicated by E in
the diagram. With C, charged to the peak voltage K, the potential with
respect to ground at the V, plate varies between zero and twice the peak
voltage. Therefore, the peak voltage applied to the rectifier tube V, is
21 beeause it equals the sum of the d-c voltage across C; and the a-c input
voltage in series with each other. As a result, the rectified output voltage
produced across (2 by V, is twice the peak value of the a-c input voltage.
This circuit is generally called a cascade voltage doubler because the recti-
fied output of one diode supplies the doubled input voltage for the other
diode. The cascade doubler is a half-wave rectifier, but it has the advan-
tage of allowing a common ground connection for one side of the input
and output cireuits.

Energy delivered to the load from the voltage multiplier comes from
discharging the output condensers.  The amount of load current that can
be supplied decreases with the voltage multiplication because of limita-
tions on the peak current permissible through the rectifiers. The appli-
cations of voltage multipliers are generally limited, therefore, to doublers,
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triplers, and quadruplers. A voltage tripler may consist of a doubler in
series with a half-wave rectifier, while a quadrupler can be arranged with
two doublers in series with each other. A\ voltage tripler or quadrupler
high-voltage supply is used to produce the 20 to 80 kv needed for the
anode voltage of a projection kinescope.  For direct-view picture tubes,
the high-voltage supply may use a voltage doubler to produce 9 to 18 kv,
although this can be obtained with just a half-wave rectifier.  In receivers
without a power transformer to step up the 117-volt a-c line voltage, the
low-voltage power supply usually has a voltage doubler to produce about
250 volts for the B supply voltage.

10-4. Transformerless Low-voltage Power Supply. Figure 10-12
shows the diagram of a low-voltage power supply without a power trans-
former, including a voltage doubler to supply B+ and a scries-parallel

+265
R, ¢ SR L '

+
r’VWH -’mmrnzso»:
750 1404f |,
SR, =~ C; C;
| 100uf lloo,n
12AX4 ~ 125N7  6AU6 6AHS 6SN7
s, 2516 12BH7 6U8 17TP4 6SN7

110-120v interlock

60~ P

AY

6CB6

25BQ6
6CB6 6CB6

S24 6CB6
On-offI
Fia. 10-12. Transformerless low-voltage power supply.

heater circuit across the a-¢ power line. In the B3 supply, the selenium
rectifiers S/, with (', and SR, with ', form a cascade voltage doubler.
I, limits the peak current through the selenium rectifiers, which have
a very low resistance in the forward direction. Note the large values of
capacitance for the filter condensers to maintain the output voltage as
the load draws current. In the heater circuit, R, is a series resistor pro-
viding an IR drop of approximately 6 volts; B3 is a filament shunt resistor
to bypass 0.15 amp around the 6U8 and 6AI16 heaters. Some receivers
use a transformerless B supply but have parallel heaters with a filament
transformer, in order to eliminate the relatively high heater-to-cathode
potentials in series heater circuits.

Shock Hazard. In a transformerless B supply the B— line is one side
of the a-¢ power line.  Therefore, if the chassis is used as the B— line, the
chassis is connected to one side of the power line. By touching the
chassis and the other side of the power line, you are connected across 117
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volts. Or, if two chassis connected to opposite sides of the power line
touch, this produces a short across the line. To eliminate the danger of
shock when working on this type of chassis, a power transformer with a
1:1 turns ratio can be used to isolate the receiver from the power line and
supply the same line voltage.

10-5. High-voltage Power Supplies. The high-voltage power supply
consists of a source of high-voltage a-c input, of 9 to 18 kv, the high-
voltage rectifier, and the filter for the rectified d-c output voltage for the
kinescope anode. Some receivers have an additional high-voltage
supply to produce about 5 kv for the focusing electrode in kinescopes
using high-voltage electrostatic focusing. The television receiver gener-
ates its own high-frequency a-c input for the high-voltage supply, instead
of using the stepped-up 60-cps a-c line voltage directly. Either an r-f
oscillator stage operating at 300 to 500 ke is used to produce the a-c input
for the high-voltage supply, or the high-voltage a-c input is obtained from
the horizontal deflection circuits, at the frequency of 15,750 cps. These
circuits have been developed because high-voltage power supplies oper-
ating directly from the 60-cps power line have several disadvantages.
Most important is the danger of serious shock, since the 60-cps line can
supply large amounts of power. In addition, a 60-cps high-voltage sup-
ply is costly and bulky because of the large transformers and filter con-
densers needed. The higher frequency of the a-¢ supply voltage in the
more recent types of high-voltage supply eliminates most of these
disadvantages because the transformers and filter condensers can be
much smaller.

R-F High-voltage Supply. The basic circuit of the r-f high-voltage
supply is shown in Fig. 10-13. The section enclosed by the dotted lines
in the figure is a conventional tuned-plate grid-feedback oscillator, which
has the function of producing the alternating voltage that is rectified and
filtered to provide d-c output voltage. This type of oscillator circuit is
used often in r-f power supplies because it is simple and has good stability
over its tuning range. Operating frequencies generally employed for the
oscillator are 300 to 500 ke, with the lower frequencies used for the higher
voltage supplies. An output voltage of about 10 to 15 kv at approxi-
mately 1-ma current drain can be obtained from the basic r-f power-
supply cireuit.

Referring to the schematic diagram in Fig. 10-13, the plate circuit is
tuned by means of (', to the desired operating frequency, which is deter-
mined by the resonant frequency of the high-voltage secondary winding
L, with the shunt capacitance ;. Part of the oscillator output is fed
back from the plate coil L, to the grid by the tickler coil L,. To sustain
oscillations, the feedback voltage must have enough amplitude to replen-
ish the losses in the circuit and the proper polarity to reinforce the grid
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signal voltage. In some circuits the feedback voltage is capacitively
coupled from the plate of the high-voltage rectifier tube back to the grid
of the oscillator by means of a coil spring wrapped around the glass enve-
lope of the rectifier tube. The oscillator does not need any external
signal. The circuit operates as a typical power oscillator, and grid-leak
bias is obtained by means of 2,(", for class C operation in order to obtain
maximum efficiency. R, is used to suppress parasitic oscillations, which
reduce the efficiency of the oscillator. Coil L, is the high-voltage sec-
ondary winding, which has many more turns than the primary to obtain
a high-voltage step-up. The secondary voltage is applied to the rectifier,
which provides the filtered high-voltage d-¢ output. Varying C, changes
the amount of high voltage.

R-F oscillator
—=

Rectifier
1B3-GT

R, 500k

C, C2

Fic. 10-13, The basic r-f high-voltage power-supply circuit.

+HV output
10-15 kv

Iigh-voltage Rectifier. 'The rectifier tube commonly used for the high-
voltage supply is the 1B3-GT, which has a maximum peak inverse voltage
rating of 30,000 volts when the maximum frequency of the supply voltage
is 300 ke. Energy for heating the rectifier filament is taken from the
oscillator tank cireuit by means of the filament winding L;, consisting of
only one or two turns. This eliminates the need for a separate tilament
transformer, which would require enough insulation to withstand the high
d-¢ output voltage at the rectifier filament without arcing to ground.
The coupling between L; and the oscillator circuit can be adjusted to
obtain the required filament voltage, or the coupling is fixed and a voltage-
dropping resistor of 2 to 3 ohms is connected in series with the filament.
In some cases the filament-dropping resistor is obtained by using resist-
ance wire for the leads to the tilament.  Filtering of the rectified output
is relatively easy beeause of the high ripple frequency and small current
drain for this type of supply. A resistor-condenser filter is used, with
the filter condenser usually about 500 wuf. A typical high-voltage filter
condenser is shown in Fig. 10-14.
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Voltage Tripler Circuil. Figure 10-15 shows the schematic diagram of
a 30-kv r-f supply for a projection kinescope, using two 6Y6-G tubes in
parallel for the r-f oscillator stage and three 133-GT diode rectifiers in a
cascade voltage tripler circuit. The rectifiers need separate filament
windings because each has a different amount of high voltage at the fila-

Fi1G. 10-14. 500 ppf high-voltage filter condenser,
Voltage breakdown rating may be 10 kv or 20 kv.
Diameter approximately 1 in.  (Centralab.)

ment. The operation of the voltage tripler can be analyzed in threce
steps, as follows:

1. When the a-¢ input voltage across L. makes the plate of V', positive,
it conducts to charge C; to the peak value of the a-c input, which is
approximately 10 kv.

2. On the next half cycle, the a-c voltage across L, is in series with the
d-c¢ voltage across Cy, applying 20 kv to Vs, and the inverted diode con-
ducts to charge ', to 20 kv.

3. With 20 kv across Cs, when the a-c input voltage of 10 kv drives the
plate of V; positive 30 kv is applied to charge Cs.

56k
Ly
o
0014t 20kv
S0C puf
20 S 1
A Separate filament
VWA /pvacinding for
2 each diode
1B3-GT
L
2000
Hpt
30kv —-1
; S00ppt 100k 30k
20k i r (A)P._ e v
- (S T
—4 O™ Wmeg Smeg mer Sme . H
J,—) 0.1t — :
—— 1]
! 100k T500upt 57kt
B+ H
300v !
................................... 3

FiG. 10-15. Schematie diagram of 30 kv v-f power supply. (Essex Electronics.)
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The filtered d-¢ output voltage of 30 kv across (s is applied to the
kinescope anode.  The voltage divider across (') provides s variable
voltage of 5 to 7 kv for electrostatic focusing of the projection kinesc ope.
l\\() condensers in series are used to provide the 500-uuf eapacitance for

C; and Cy, in order to inerease the voltage breakdown rating from 20 kv
for each condenser to 40 kv for the series combination.

Flyback High-voltage Power Supply. The flyback type of high-voltage
supply makes use of the energy in the horizontal saw-tooth current wave
required for magnetic deflection.  This system can be employed only
when an inductive circuit is used for horizontal scanning, beeause its
operation depends on the sharp change in scanning current for the hori-
zontal retrace.  For this reason it is called the flyback or kickback power

Horizontal output
transformer

Rectifier
1B3-GT

Horizontal
output L,

stage RN R, 500k

‘ +HV output
T c, 10-15kv
33n
3 8L, 500 put 00/4/4(
a ‘2
Current 108 &, To horizontal
0 ¥ deflection coils

A Time—» C l

6BG6-G
o = B+
Fia, 10-16. Basic circuit of the flyback type of high-voltage supply.

supply. Practically all television receivers use the flyback type of high-
voltage power supply.

Figure 10-16 shows the schematic diagram of a flyback high-voltage
power supply and the saw-tooth current wave needed in the horizontal
deflection coils for lincar scanning.  The scanning current through the
deflection coils increases uniformly between points 4 and B on the saw-
tooth wave to produce the relatively slow trace from left to right on the
screen. At time B the current within the scanning coil decreases very
rapidly for the quick flyback from right to left to complete the scanning
of one horizontal line. The same procedure is repeated for each line to
scan the entire frame. During the time that the scanning current is
slowly increasing at a uniform rate its associated magnetic field is expand-
ing. The flow of plate current in the output tube is suddenly cut off at
time 3 and the magnetic field collapses very rapidly. The large induced
voltage produced by the rapidly changing magnetic field shock-exeites the
output transformer, making it oscillate at its natural resonant frequency.
This is about 100 ke, with typical values of inductance and stray capaci-
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tance.  Oscillation is allowed to continue for approximately a half cycle,
after which it is damped out by means of a damping-tube arrangement
not shown in the diagram. About 9 to I8 kv is developed across termi-
nals 1 and 2 of the output transformer at the peak of the positive half
eyele.  This a-¢ voltage is applied between the plate of the rectifier tube
and ground to be rectified and filtered, providing the high-voltage d-c
output.  When the rectifier plate is positive, current can flow through the

183-GT ' !
High voltage
rectifier

6BG6-G Horizontal . G . :
]i

deflection amplifier
.,- , |
‘9 @ ﬂ_’_u |
N1 o {
= i Y i i |

Fia. 10-17. Flyback power supply in high-voltage cage on receiver chassis. (f2(’A.)

rectifier tube, from terminal 2 to terminal 1 in Ly, and through the B sup-
ply to charge the 500-puf filter condenser.  This size condenser is enough
for adequate filtering, with the filter resistor and the 500-uuf capacitance
to ground that is part of the picture tube, since the a-c ripple frequency is
15,750 ke.  Filament voltage is taken from the winding L. for the 1B3-GT
rectifier tube, which supplies the d-c¢ output voltage of 10 to 15 kv, at
about 1 ma. Figure 10-17 shows a flyback power supply in the high-
voltage cage on the receiver chassis. The fuse for the horizontal output
stage and high-voltage supply, with approximately 0.25 amp rating, is
generally located in or near the high-voltage cage.
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Corona and Arcing. At the high voltages used, with a relatively high
frequency for the a-c powe: input, any point at a high potential can
ionize the surrounding air to produce a visible corona effect, whivh is light
blue in color. Corona results in loss of power and eventual insulation
breakdown, causing arcing. It is important that there be no shzrp edges
in the wiring and that all soldered joints be smcoth and round in order to
minimize corona. The solid ring that can be seen under the hig--voltage
rectifier socket in Fig. 10-17 is a corona ring connected to the 1B3-GT
filament in order to distribute the high potential at this point over a larger
area to reduce the corona effact.  Arcing and corona in the higi-voltage
supply can produce streaks in the reproducel picture. To ecognize
these effects, arcing can usually be heard as a snapping noise, while corona
produces a sizzling sound, in addition to the fa:t that arcing and corona
can be seen by looking into thz high-voltage cage, with the room darkened.
All high-voltage points must be well separated from the chassis o elimi-
nate areing.

High-voltage Safety Precantions. The receiver usually has a safety
interlock switeh that automatically opens the 117-volt a-2 pow:r input
circuit when the back cover of the set, or the high-voltage-supply dust
cover, isremoved. If the safty interlock is disebled tempcrarily in order
to test the receiver chassis in operation, it is a good idea to use only one
hand when ary part of the receiver must be touched while the high-
voltage supply is functioning. The rectifier plate cap is dangerous
because the amount of current possible here is l:mited only by the resist-
ance of the input circuit supp.ying the a~-c¢ high voltage. The highest d-c
voltage is at the rectifier filament. The high voltage zan easily be
removed if desired, though, by disabling the r-f oscillator or horizontal
deflection oscillator. Disabl:ng the high-voltaze rectifier remces just
the high-voltage d-c output but the a-c high voltage is still preser.z.. The
high-voltage fi.ter condensers and the anode of the kinescope sh:uld not
be touched until they are discharged.

The effect of bodily contact with the high voltage depends peimarily
on the amount of current thet passes through the body which, in turn,
depends upon the amount of applied voltage and the body’s res.stance.
For safety, then, it is desirable that the high-voltage supply have high
resistance and poor regulation, so that the voltaze can drop sharzly with
a partial short across the output. Using a high-resistance filtes with a
small filter condenser, instead of a choke, helps in limiting the mzximum
possible output current to a safe value. Anothcr important fact-r is the
effect of the charged filter vondenser discharging through th: body.
Low values of filter capacitance are necessary as a safety measurz. The
amount of energy in the charged condenser should be limited to =0 more
than 1 joule, which is 1 watt-second. The ene-gy in joules is ¢jual to
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CV?/2 where C is in farads and V in volts. With 15,000 volts, a filter
condenser smaller than 0.01 uf limits the stored energy to less than 1
joule.

10-6. High-voltage Troubles. The amount of high voltage supplied
to the anode of the picture tube affects the screen brightness, focusing,
and deflection sensitivity. Without any high voltage there is no bright-
ness. Insufficient high voltage reduces the screen brightness and
increases the deflection sensitivity, making the raster bigger but usually
with poor focus.

No Brightness. This means there is no illumination at all on the screen
—no raster, no line, or no spot. The reason for no brightness can be a
defective kinescope, trouble in the kinescope auxiliary circuits, particu-
larly misadjustment of the ion-trap magnet, or no anode voltage. If the
trouble is no anode voltage for the kinescope, either the defect is in the
high-voltage rectifier and its d-c output circuit or there is no high-voltage
a-c input to the rectifier. In a flyback supply, if there is no a-c high
voltage for the rectifier, the trouble can be in the horizontal deflection
oscillator, deflection amplifier, and damper stages. With an r-f supply,
the r-f oscillator stage must operate to supply the a-¢ high voltage for the
rectifier. To check whether the r-f oscillator or horizontal deflection
oscillator is operating, its grid-leak bias can be measured with a d-¢ volt-
meter. Since it is produced by grid signal generated in the oscillator and
fed back to the grid, the presence of the bias voltage means the oscillator
is producing r-f output. If the grid-leak bias voltage is not there, the
oscillator is not operating.

Poor Regulation. Because of its high internal resistance, the high-
voltage power supply has poor regulation, as the d-¢ output voltage drops
with an increase in load current.  The output of a flyback type of high-
voltage supply usually drops about 15 per cent with an increase of kine-
scope beam current from zero to 50 pga. The r-f high-voltage supply has
better regulation than the flyback supply and can provide correct focus
over a wider range of brightness values. If the picture becomes too large
and defocused as the raster blooms when the brightuness is increased, this
indicates the internal resistance of the high-voltage supply is too high,
causing insufficient regulation. This trouble is often caused by a weak
high-voltage rectifier tube.

10-7. Troubles in the Low-voltage Supply. Since the low-voltage sup-
ply is common to all sections of the receiver, a defect here can produce
multiple trouble symptoms at the same time. Two reliable indications of
trouble in the low-voltage supply are (1) no brightness and no sound at
the same time; (2) a small raster, with both the height and width reduced.
Table 10-1 lists the effects of low d-c output voltage caused by reduced
a-c input voltage. The table shows that slightly reduced values of a-¢
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input voltage can lower the B+ voltage enough to decrease the size of
the raster.  With approximately one-third normal B+ voltage, the
result is no brightness and no sound, which illustrates that the symptoms
of no sound and no brightness mean trouble in the low-voltage power
supply.

TanLe 10-1. Errecrs or CuaNGES IN POWER-sUPPLY VOLTAGE

A-cinput, | B+, Fffect
volts volts
110 385 | Normal raster, 10 X 134 in.
100 310 | Height reduced 14 in., width reduced 13 in., slight defocusing
90 300 | Height reduced 1 in., width reduced 1 in., out of focus, reduced
brightness
80 240 | No brightness, sound volume low
65 120 | No brightness, no sound volume

Incorrect Voltage Division. When the I3 supply has a voltage divider,
incorrect values can cause multiple troubles in the receiver circuits using
the divided voltages. It may be helpful to note that, generally, the ef-
fect of a short in a circuit is to lower its voltage, but an open in a circuit
raises the voltage. Asan example, in a divider that supplies positive and
negative voltages with respect to ground, if the negative voltages are
higher than normal while the positive voltages are too low, this indicates
cither an open in the negative side of the supply voltage circuits or a
short in the positive side.

r:seiz't(:r%cee Fic. 10-18. Illustrating how heater-to-
90k cathode leakage in a tube couples 60-cycle
voltage into the cathode cireuit.
60-cps

heater voltage

10-8. Hum. Any of the receiver circuits can have undesired hum
voltage present in the form of 60-cps a-c¢ filament voltage, 60-cps ripple
from the output of a half-wave rectifier, or 120-¢ps ripple in the output
of a full-wave rectifier. Excessive a-c ripple in the I3 supply is the result
of incomplete filtering. Hum from filament voltage can be caused by
heater-to-cathode leakage in a tube.

Figure 10-18 illustrates how heater-to-cathode leakage in a tube can
couple some of the 60-cycle heater voltage into the signal eircuits. The
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leakage resistance R between heater and cathode forms a voltage divider
with the cathode resistor ;. In this case Ry is 10 per cent of the total
resistance in the voltage divider. 'Therefore, 10 per cent of the heater
voltage is developed across the resistance I from cathode to ground.
Since the control grid returns to the grounded side of Ry through the grid
resistor IZ;, the hum voltage in the cathode circuit varies the grid voltage
and, therefore, the plate current. The higher the impedance in the
cathode circuit is for 60-cycle voltage, the greater is the amount of hum
voltage introduced by heater-to-cathode leakage.

Excessive 60-cps or 120-cps hum voltage can cause horizontal bars and
bend in the picture.

Modulation I{um. Hum can be present in high-frequency signal cir-
cuits, even though they are not able to amplify the hum frequency, i
the hum voltage modulates the high-frequency signal. In a picture i-f

S

F1g. 10-19. Waveforms of hum combining with higher frequency signal. (a¢) Modu-
lation hum. (b) Additive hum.

amplifier tuned to 45.75 Mc, as an example, leakage between heater and
cathode can allow the filament voltage to modulate the grid signal voltage,
producing i-f output that is amplitude-modulated by the 60-cps hum.
Succeeding stages amplify the modulated i-f signal and when it is recti-
fied the detected output includes the 60-cycle component in the video
signal. Hum modulation usually occurs in the grid and cathode circuits
of low-level stages. Modulation hum is often called tunable hum, since
the hum is evident only when a signal is tuned in. The effects of modula-
tion hum can be seen in the picture, therefore, but not in the raster alone.
The local oscillator, r-f amplifier, converter, picture i-f, and sound i-f
stages can have hum only in the form of modulation hum.

Additive HHum. 1In a circuit that has a plate load impedance for 60-cps
or 120-¢cps a-c voltages, the hum can be present in addition to the desired
signal. Modulation is not necessary, since the circuit can amplify the
low-frequency hum voltage itself. The audio amplifiers, video ampli-
fiers, sync amplifiers, vertical deflection circuits, and horizontal deflection
circuits can amplify the hum voltage. The effects of additive hum are
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evident in the raster and in the picture. Figure 10-19 illustrates the
difference in waveforms for modulation hum and additive hum.

REVIEW QUESTIONS

1. Draw the schematic diagram of a full-wave rectifier low-voltage supply with
output voltage of +250 and —90 volts on the bleeder and a single »-type filter section
using the loudspeaker field coil for the choke. What is the ripple frequency?

2. Give one advantage and one disadvantage of a series heater circuit compared
with parallel heaters.

3. Draw the schematic diagram of a cascade voltage doubler circuit and describe
hriefly the principle of operation.

4. Give one advantage and one disadvantage of a voltage multiplier cireuit.

6. Referring to the diagram in Fig. 10-12, how much current flows through R,?
How much voltage is across R;?

6. Draw the schematie diagram of a voltage doubler B supply using twe selenium
rectifiers, labeling polarities of the rectifiers, the filter condensers, and the d-¢ output.

7. Describe briefly how to measure the grid bias on the oscillator in the r-f power
supply shown in Fig. 10-13. Wky does the presence of the grid-leak bias mean the
oscillator is operating?

8. What are two safety measures to follow when working on high-voltage
cquipment?

9. Why is a bleeder resistance across the d-¢ high-voltage output often omitted
in the r-f and flyback power supplics?

10. Describe briefly two insulation problems in a high-voltage supply.

11. What is the ripple frequency in the flyback high-voltage power supply in Fig.
10-16?

12. Referring to the diagram in Fig. 10-2, give the function of €y, L,, (5, and Cs.

13. Referring to the diagram of Fig. 10-12, give the function of R,, It,, SK,, SR,
Cs, and L;. What would be the effect on the picture and sound if &, opened?

14. Referring to the voltage divider with positive and negative output voltages in
Fig. 10-5b, give two troubles that eould cause the voltage at point 1) to increase from
—100 to —150 volts, while the voltage at point A decreases from +200 to + 150 volts.

15. Why does no output from the high-voltage power supply result in no brightness
on the kinescope sereen?  Give three other possible causes of no brightness, with
normal sound.

16. Why does the absence of brightness and sound at the same time indicate trouble
in the low-voltage supply? Give three possible troubles in the low-voltage supply
that could result in no brightness and no sound.

17. What is a possible source of hum voltage causing one dark hum bar in the
picture but not in the raster, and hum in the sound? The recciver is the interearrier
type, with the sound take-off circuit in the output of the second detector.

18. Deseribe the effect on the sound and the kinescope screen for each of the
following troubles: (a) low-voltage rectifier fails; (b) low-voltage reetifier is weak;
() high-voltage rectifier fails; (d) horizontal deflection gencrator fails in a receiver
using the flybaek high-voltage supply.




CHAPTER 1

VIDEO AMPLIFICATION

The video amplifier in the television receiver amplifies the output from
the video detector, so that there will be enough video signal voltage
coupled to the kinescope grid for proper reproduction of the picture.
"This corresponds to the function of an audio amplifier in a sound system,
amplifying the audio voltage from the second detector to provide enough

Kinescope

Video w Video

detector "1 amplifier | Amplified
video signal
| I for kinescope
Modulated Composite controt grid-
picture video cathode

carrier signat signal

Fic. 11-1. The video signal coupled to the kinescope control-grid cathode eireuit
produces the picture on the raster.

signal to drive the loudspeaker. The function of the video amplifier and
its place in the television receiver are illustrated in the block diagram of
Tig. 11-1. Note that the entire composite video signal is amplified and
used for the kinescope grid. Although the voltage above the black level
does not contain any camera signal to be used for picture reproduction,
the pedestal voltage is needed at the kinescope grid to establish the black
level and blank out retrace lines.

11-1. The Video Signal and Picture Reproduction. The video signal
cnables the kinescope to reproduce the desired picture information.
Figure 11-2 illustrates how the video signal voltage for one line, impressed
between grid and cathode of the picture tube, results in reproduction of
the picture clements on the kinescope screen. Assuming that the clec-
tron beam in the kinescope is scanning properly so that the elements are
in their correct position, one horizontal line of the picture will be repro-
duced on the sereen.  The eleetron beam is made to scan the sereen by the
deflecting current or voltage applied to the deflecting coils or plates of the

190
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picture tube. This scanning motion is independent of the video signal
voltage coupled to the kinescope grid. The only function of the video
signal is to vary the intensity of the kinescope beam current, thereby
reproducing the degree of light or shade of the picture elements.

The effect of the a-¢ video signal on the kinescope grid is the same as
any a-c signal coupled to the grid of a vacuum tube having a fixed nega-
tive d-¢ bias. The bias sets the operating point about which the instan-
taneous grid voltage varies, as the a-¢ signal makes the grid more or less

MAXIMUM WHITE

Kinescope transfer
characteristic curve

Tllumination

-30 -40 -30 20 -101 0

; :Control grid voltage
J
Blanking or - |+

pedestal level

—

Fia, 11-2, The video signal voltage on the kinescope grid.

D-c bias, signal axis

negative with respect to the cathode. 'The beam current in the tube
varies with the grid voltage. As the grid goes more negative there is less
beam current and the intensity of the spot on the screen is reduced.  This
produces a darker picture element. When the grid voltage goes as far
negative as cutoff, the beam current is cut off completely and there is no
spot. of light on the screen. This corresponds to black.  As the grid
voltage is made less negative or more positive than the d-¢ bias valne, the
beam current in the tube increases to produce a brighter spot on the
screen,  This corresponds to the white parts of the video signal, with the
maximum white driving the grid voltage the most positive. Although
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the effect of the white parts of the video signal is to drive the kinescope
more positive, it should be noted that the control-grid voltage is negative
because of the d-c bias.

Contrast and the Video Signal Amplitude. The extent to which the
video signal voltage swings away from its average-value axis determines
the contrast of the reproduced picture. Suppose that the video voltage
has only one-half the amplitude shown in Fig. 11-2. The maximum
white of this weaker signal will not be so bright because the kinescope
grid voltage will not be driven so far positive. This means that there will
be less difference between the maximum white parts of the picture and
black. The reproduced picture will not have so much contrast, resulting
in a picture that appears weak and flat with no highlights. The contrast
of the reproduced picture, therefore, is determined by the amplitude of
the video voltage swing.

The video signal voltage coupled to the kinescope from the video
amplifier must have enough amplitude to utilize the entire useful portion
of the kinescope operating characteristic, so that the reproduced picture
will have good contrast. The amount of composite video signal required
for most picture tubes is about 70 volts peak to peak. With an output
of 2 to 5 volts from the video detector and a gain of approximately 15 in
a video amplifier stage, one or two stages of video amplification are
enough to provide sufficient signal voltage for the control grid of the pic-
ture tube.

The amplitude of the video signal is given in peak-to-peak voltage,
instead of r-m-s, average, or peak value. This is necessary because the
video signal is not symmetrical, and its wave shape changes with picture
content. Figure 11-3 shows that the peak-to-peak value of the com-
posite video signal includes the total voltage swing between the tips of
the synchronizing pulses and the maximum white level. Note that the
peak-to-peak voltage for the white information in a and b is greater than
for the gray information in ¢ and d. The common a-c¢ relations—that
the average value is 0.636 the peak value and the effective value is 0.707
the peak value—apply only to sine waves. Since the positive and nega-
tive half cycles of the video signal are not necessarily the same, any nota-
tion other than peak-to-peak value is useless.

Polarity. 'The polarity of the signal on the picture tube grid is impor-
tant because it determines the sense of the color values in the reproduced
picture. If the polarity is opposite from that shown for the video signal
in Fig. 11-2 a negative image in the same sense as a photographic negativce
will be produced, with the darker parts of the original image being white
on the kinescope sereen while the parts of the picture that should be
white are reproduced as black. The correct polarity of the video signal
makes the kinescope grid voltage less negative than the d-c¢ bias or more
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positive for white picture information, and the synchronizing pulses drive
the kinescope grid voltage more negative beyond cutoff.

Brightness and the D-C Componeni. Since the a-c video signhal varies
the grid voltage above and below the d-c¢ bias voltage, the picture ele-
ments reproduced on the sereen vary in intensity around the brightness
value corresponding to the bias voltage. Therefore, the kinescope grid
bias determines the average amount of beam current and the average
brightness of the reproduced picture.
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Fia. 11-3. Peak-to-pcak value of the video signal. (a) D-¢ form for a white video
signal. (b) A-c form for the same white video signal. (¢) D-c form for a gray
video signal. (d) A-c form for the same gray video signal.

In addition to the amount of a-¢ swing required for good contrast, the
video signal for the kinescope grid must have the d-c component cor-
responding to its correct average-brightness level. Thisd-e¢ component of
the video signal combines with the fixed bias of the kinescope to establish
the average brightness of the reproduced picture. If this d-c level of the
video signal is missing, the kinescope bias will be incorrect and the picture
will not be reproduced at the proper brightness level. Furthermore, the
retrace lines may be visible.

Black Level. The grid cutoff voltage for the picture tube corresponds
to black. When the negative grid voltage is equal to the cutoff value
there is no beam current and no illumination of the screen. The part of
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the video signal that corresponds to black, therefore, should drive the
kinescope grid voltage to cutoff.  Any grid voltage more negative than
cutoff is blacker than black, or infrablack. The pedestal or blanking
level of the composite video signal should drive the kinescope grid voltage
to cutoff.

Distortion. 'The video signal at the kinescope control grid should cor-
respond to the actual picture content.  If in the process of amplification
the video signal is distorted appreciably in amplitude, frequency, or phase
the picture reproduction cannot be correct because of a grid signal voltage
that has been distorted from the values corresponding to the correct pie-
ture information. Distortion of the relative amplitudes in the a-c¢ video
signal changes the relative light values in the reproduced picture, distort-
ing the contrast. Frequency distortion degrades the quality of the pic-
ture information. Phase distortion can displace the reproduced picture
information from its correct position, producing smear in the picture.
The incorrect d-c level reproduces the wrong average brightness.

11-2. Polarity of the Video Signal. At the kinescope grid, the polarity
of the a-c video signal voltage must be such that the synchronizing pulses
occur during the negative half cycle and maximum white during the
positive half cycle. This can be called either positive picture phase or
negative sync phase, in referring to the polarity of the video signal. The
polarities are with respect to the chassis ground in the receiver.

Negative Transmission and Picture Phase. 1t is standard practice in
the United States that the polarity of the transmitted signal is negative,
as described in Chap. 6. Negative transmission means that an increase
of light in the original scene being scanned at the transmitter causes a
decrease in amplitude of the transmitted carrier wave. At the receiver,
this decrease in carrier amplitude must drive the kinescope grid voltage
in the positive direction, thus eausing an increase of light in the scene
being reproduced on the kinescope screen.

Producing Positive Picture Phase at the Kinescope. The correct polarity
of a-¢ video signal for the kinescope is the result of three factors in the
receiver circuit: (1) whether the video signal is coupled to the kinescope
control grid or to the cathode, (2) the number of video amplifier stages,
and (3) the polarity of the video detector output. When the output
from the video amplifier is coupled to the kinescope control grid, it must
have positive picture phase. However, when the video signal is coupled
to the kinescope cathode it must have negative picture phase because
making the cathode voltage more negative drives the control grid in the
positive direction. The output from an odd number of video amplifiers
has opposite polarity from the input because each stage inverts the signal
voltage. An even number of stages, however, has output signal of the
same polarity as the input, since two phase inversions of 180° each produce
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the original input polarity. In the video detector circuit, when the diode
load resistor is in the plate circuit the video signal output has positive
picture polarity, with the carrier signal modulated for negative transmis-
sion; the diode load resistor in the cathode circuit produces video signal
output with negative picture polarity. Many combinations of these three
factors for correct picture phase are possible, depending mainly on how
many video amplifier stages are needed to produce enough video signal,
but the arrangement generally used in receivers is either: (1) Positive
picture phase from the video detector, inverted by one video amplifier to
a video signal of negative picture phase, which is coupled to the kinescope
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stage
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detector I h |
1st Video

video output i
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(b)
Fia, 11-4. Polarity of the video signal for the kineseope. (a) Negative picture phase
at kinescope cathode. (b)) Positive picture phase at kinescope grid.

cathode. (2) Positive picture phase from the video detector, inverted
twice by two video amplifier stages, providing video signal of positive
picture phase that is coupled to the kinescope grid. These two cases are
illustrated in Fig. 11-4.

Phase Inversion in an Amplifier. Any amplifier with a resistive plate
load inverts the phase of the input grid signal exactly 180°, making the
output signal voltage of opposite polarity from the input voltage. When
the input grid signal is the most positive, the output signal voltage is the
least positive or most negative. Since the video amplifiers are resistance-
coupled stages, each inverts the phase of the video signal.

The fact that the amplified signal voltage in a resistance-coupled ampli-
fier is 180° out of phase with the input grid voltage can be demonstrated
with the aid of the diagram in Fig. 11-5.  With a I3 supply voltage of 300
volts and plate load resistor of 100,000 ohms, as shown, let the static plate
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current of the tube be 2 ma. This is the value of plate current, set by the
bias, that flows with no input signal on the grid. Assuming that the maxi-
mum positive grid voltage increases the plate current by 0.5 ma and that
the maximum negative grid voltage decreases the plate current by the
same amount, the plate current will increase above the 2-ma level to 2.5
ma and decrease below the static value to 1.5 ma because of the input sig-
nal voltage on the grid. As shown in the figure, this variation in plate
current is in phase with the grid voltage because it follows the input signal
exactly, increasing and decreasing with the grid voltage.
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FiG. 11-5. Phase inversion in an amplifier.

However, the plate current is not the output signal. The plate-to-
cathode voltage is the signal that varies the grid voltage of the next tube.
This plate-to-cathode voltage is equal to the fixed B supply voltage minus
the voltage across the plate load resistor B;. The voltage across Ry, is the
IR drop resulting from plate current flow; this voltage changes as the
plate current changes, causing the net voltage from plate to cathode of the
tube to change with the varying plate current. With the 2-ma static
value of plate current flowing, the IR drop across Ry, is 200 volts. This
makes the plate-to-cathode voltage 100 volts, since the plate voltage is
equal to the difference between the 300 volts of the fixed B supply and the
200-volt /R drop across the plate load resistor. When the plate current
increases to 2.5 ma, the /R drop across Ky, increases to 250 volts and the
net plate voltage decreases to 50 volts. When the plate current decreases
to 1.5 ma, the plate voltage ey is 150 volts. The effect of the plate current
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varying between 1.5 and 2.5 ma about the 2-ma axis, therefore, is to make
the plate voltage vary between 150 and 50 volts about a 100-valt axis.
This varying plate-to-cathode voltage is the output signal that is coupled
to the next stage.

As seen in Fig. 11-5, the output voltage has phase opposite from the
input grid voltage. Its phase is opposite from the input signal even in
the plate circuit, where the output voltage cannot become negative,
because the plate voltage goes less positive when the grid voltage goes
more positive. When the grid voltage goes more negative, the plate
voltage becomes more positive. With the output signal voltage coupled
to the next stage by any method that will block the steady component of
the plate voltage, the variations in plate voltage are coupled to the next
grid as an a-c signal, with a negative half cycle for the decreasing values

Video
amplifier Y
* Video Plate Plate
signal current current
output
L
Cutoff 0 Grid Cutoff 0 Grid
voltage voltage
(b) ()

Fie. 11-6. Video amplifier circuit and its operating characteristics.  (a) Basic RC-
coupled amplifier.  (b) Video signal voltage of negative picture phase on control
grid.  (¢) Video signal voltage of positive picture phase on control grid,

of plate voltage and a positive half cycle for the increasing values of plate
voltage. This signal voltage e,, is 180° out of phase with eg,.

11-3. Operation of the Video Amplifier. The circuit of a video ampli-
fier stage is basically an RC-coupled amplifier, as shown in Fig. 11-6a, and
its operating characteristics are essentially the same as a class A audio
amplifier stage. As illustrated in b and ¢, the composite video signal
input of the desired polarity swings the instantaneous grid voltage above
and below the negative bias voltage, varying the plate current to produce
the amplified video signal output voltage across the plate load resistor.
Figure 11-6b illustrates the operating characteristic of the amplifier when
the video signal input to the grid has negative picture phase, while ¢
shows the conditions for a grid signal with positive picture phase. In
either case, the video amplifier tube must have the correct d-c grid bias,
plate, and screen voltages, in order to provide the operating characteristic
required to avoid amplitude distortions due to clipping and limiting of
the signal in the video amplifier.
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In addition, the nonlinear operating characteristic of the amplifier
affects the tones of white and gray in the picture reproduced on the kine-
scope screen. Notice that in Fig. 11-6b the parts of the video signal
voltage corresponding to white produce instantaneous values of grid
voltage near cutoff. Here the tube’s operating characteristic is non-
linear, with less rapid changes in plate current for changes in grid voltage.
As a result, the amplitudes corresponding to white are compressed in the
video signal output. The effect of compressing the white video signal
amplitudes can causec a pasty appearance in large white areas, such as
the faces of people in the televised scene.  In Fig. 11-6e the white parts
of the video signal vary the grid voltage within the linear portion of the
tube’s operating characteristic. The video signal amplitudes near the
black level are compressed but this is not so noticeable because the center
of interest in the scene is usually in the lighter parts of the picture.
Another advantage of operating the video amplifier with an input signal
of positive picture phase is that noise voltages of higher amplitudes than
the sync pulses can be clipped when they drive the grid voltage more
negative than the cutoff voltage. For these reasons, the video amplifier
usually has video input signal of positive picture phase from the video
detector.

11-4. Manual Contrast Control. The amount of a-¢ video signal
applied to the kinescope control-grid cathode eircuit can be varied to
adjust the contrast in the reproduced picture, since this varies the amount
that the kinescope grid voltage swings above and below the d-c¢ bias
voltage.  Corresponding to an audio volume control in a sound receiver,
the contrast control or picture control is available on the front panel of the
television receiver so that the operator can ehoose the desired amount of
contrast in the picture. As the contrast control is turned clockwise,
more a-c¢ video signal is provided for the kinescope, producing a wider
swing between black and the whitest parts in the reproduced picture to
increase the contrast.  Lowering the setting of the contrast control results
in less swing of the video signal on the kinescope grid, giving the maximum
white areas less intensity in the reproduced picture and reducing the
contrast.

Any control that varies the amount of a-c video signal for the kinescope
grid cireuit will operate as a contrast adjustment. Therefore, the con-
trast control can be in the picture i-f section of the receiver or in the video
amplifier. In a receiver that does not have automatic gain control, the
contrast control is a manual bias control for the r-f and picture i-f ampli-
fiers. Operating as a sensitivity control, it adjusts the over-all gain,
varying the amount of picture signal coupled into the video detector and
the amount of video signal output. In a receiver with automatic gain
control to adjust the bias on the r-f and picture i-f amplifiers automati-
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cally according to the signal level, the contrast control is in the video
amplifier circuit.

In the video circuits, the contrast control can either vary the gain of
the video amplifier or tap off the desired amount of video signal voltage.
Figure 11-7 shows three typical circuits for a contrast control in the video
amplifier. In a, the cathode resistor R, supplies cathode bias for the
video amplifier, and the control is unbypassed in order to provide degen-
cration. The degeneration is important in controlling the a-c signal
level because with linear amplification little change in gain results from
changing the bias. Moving the variable arm of the control closer to the
cathode end reduces the bias and the degeneration, allowing more gain

Video Video Video
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control

2 Contrast
control
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Fic. 11-7. Types of manual contrast control in a video amplifier. (a) Variable
cathode bias. (b) Variable screen-grid voltage. (c) Potentiometer to tap off the
desired amount of a-c¢ video signal voltage.

in the video amplifier to increase the video signal amplitude and the con-
trast. In b, the contrast control K, varies the gain of the amplifier by
changing the screen grid voltage. Rj; forms a voltage divider with £, to
provide a minimum value of screen-grid voltage, and (', is the screen
bypass condenser. Both these arrangements have the disadvantage of
changing the operating characteristics of the video amplifier, when adjust-
ing the contrast, because the d-c operating voltages change. In ¢ the
contrast control 1, is a potentiometer that taps off the desired amount of
a-c video signal voltage. The d-¢ operating voltages are not changed
when adjusting the contrast in this arrangement. However, the contrast
control is in the video signal circuit, where the stray capacitance of the
potentiometer and its connecting leads can reduce the high-frequency
response of the amplifier. To minimize the shunt capacitance, the con-
trol usually is mounted near the video amplifier circuits, with the shaft
mechanically linked to the front panel of the receiver.
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11-5. Video Frequencies. It will be necessary for the video amplifier
in the television receiver to amplify signal voltages that may have com-
ponents ranging in frequency from 30 cycles to 4 Mc per sec. The high
frequencies are produced because the video signal contains, within a line,
rapid changes in voltage that occur during very much less time than the
active line-scanning time of 53.3 usec. These rapid changes in signal volt-
age can correspond to frequencies infinitely high, but in present practice
are limited to approximately 4 Mec by the restriction of a 6-Me transmis-
sion channel. There are video signal voltages with frequencies lower than
4 Mec, but this sets an upper limit on the signal freqquencies that the video
amplifier in the receiver has to amplify.

The relationship between the frequency of a video signal variation and
its associated picture information is illustrated in Fig. 11-8.  As shown in
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FiG. 11-8. Relation of video signal frequencies to the size of the picture information.
Time for width of picture in a caleulated as 63.5 usee minus 16 per cent H for hori-
zontal blanking. Time for height of picture in b calculated as 144 sec minus 7 per cent
V for vertical blanking.

the illustration, a specifie length of line requires a definite amount of scan-
ning time, and this determines how fast the corresponding variations in
video signal amplitude will occur for the different light levels in the pic-
ture. T'o convert the size of an element of picture information into fre-
quency, it is first necessary to calculate the time required to scan the ele-
ment.  This time can be considered as the period of a half cycle of the
video signal required to reproduce the information. Multiplying the time
by two to obtain the period of a full ¢cyele and then taking the reciprocal of
the period provides the desired frequency. Referring to a in Fig. 11-8, it
is shown that a horizontal line with a width slightly less than one-tenth of
the picture width is scanned horizontally in 5 usee. Therefore, the video
signal for this black line preceded and followed by white information cor-
responds to one-half eycle of a signal variation with a period of 10 usec and
a frequency of 100 ke, The signal frequencies needed to reproduce pie-
ture information that is given by the vertical scanning motion can be
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calculated in the same manner, as shown in b of Fig. 11-8. Here the size
of the elements in the vertical direction is converted to frequency in terms
of the aetive vertical scanning time of 0.0153 see.  This is relatively low
frequency information compared to details reproduced within a line. If
the video voltage is taken from top to bottom, through all the horizontal
lines in a field, this variation will correspond to a half eycle of a signal with
a frequency of approximately 30 cps.  When the brightness of the picture
varies from frame to frame, the resultant signal frequency is lower than
30 eps, but this is considered as a change in d-c level and is reproduced
by means of a d-c reinsertion circuit.
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F1a. 11-9. Desired video amplifier response curve.

0

The a-c video signal, therefore, can be regarded as a complex waveform,
not being sine wave in form, containing signal voltages that range in fre-
quency from 30 cycles to 4 Mc per sec, approximately. In order to main-
tain the signal’s wave shape, the video amplifier must be capable of
amplifying this wide frequency range without distortion. This is not
done too easily, because the amplifier inherently tends to have both phase
distortion and frequency distortion when it operates over such a wide fre-
quency range.

11-6. Frequency Distortion. The inability of the amplifier to amplify
all frequencies of the input signal voltage equally well is called frequency
distortion. This means that the amplifier has more gain for some fre-
quencies than for others. Excessive frequency distortion cannot be
tolerated because it changes the picture information. As shown in the
amplifier response curve of Fig. 11-9, the amplifier response should be flat
within a tolerance of about + 10 per cent. Note that the frequency units
are marked off on the horizontal axis in powers of 10, making the spacing
logarithmic. This is necessary in order to accommodate the extremely
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wide range of frequencies on a graph of reasonable size and still show the
response at the extreme low- and high-frequency ends.

When the amplifier has a flat response curve over the video-frequency
range, the relative gain of the amplifier is the same for all signal frequen-
cies and the amplifier introduces no frequency distortion. With an actual
video signal containing typical picture information coupled to the ampli-
fier, the different frequency components do not all have the same ampli-
tude. When the amplifier response is flat, however, all frequencies are
amplified equally well and the video output signal is an amplified dupli-
cate of the input signal with no change in wave shape.

The video amplifier response will not ordinarily be flat over the required
frequency range unless precautions are taken in building the amplifier and
special compensating circuits are added. Usually the response of the
uncompensated video amplifier is down for the high video frequencies
(about 0.5 Mc and above), making it necessary to provide high-frequency
compensation for a flat frequency response up to 4 Mc. At the low-
frequency end the video amplifier response is often inadequate at about
100 cps and below, so that low-frequency correction of the video amplifier
may also be necessary to provide a video signal voltage that permits
proper picture reproduction. The response of the video amplifier over the
middle range of frequencies is normally flat and requires no compensation.

Loss of High Video Frequencies. Insufficient response for the high video
frequencies reduces the amount of horizontal detail in the picture because
the high-frequency components of the video signal correspond to the
smallest picture elements in a horizontal line. If these signal frequency
variations are lost, the rapid changes between black and white for small
adjacent picture elements in the horizontal lines cannot be reproduced
on the kinescope screen, with the resultant loss of horizontal detail.
Figure 11-10 shows the effect of loss of the high video frequencies on the
reproduced test pattern. Notice the lack of separations between the
black and white divisions in the top and bottom wedges. The extent to
which the divisions in either of these wedges can be resolved indicates the
high-frequency response. Normally, the divisions can be seen all the
way in to the center circle, indicating video-frequency response up to 4
Mec. The divisions in the widest part of the vertical wedges correspond
to a video frequency of about 2 Mec.

In a televised scene, loss of the high-video-frequency information is
evident as reduced detail, resulting in a picture that does not appear sharp
and clear. Small details of picture information, such as individual hairs
in a person’s eyebrows and details of the eye, are not reproduced. In
addition, the edges between light and dark areas, as in the outline of let-
tering or the outline of a person’s face, are not reproduced sharply but
trail off gradually instead. The effects of reduced high-frequency
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response causing insufficient detail in the picture are not so naticeable
when the camera at the studio presents a close-up view, since the subject
then occupies a large area of the picture and the highest video signal fre-
quencies are not necessary for adequate reproduction.

Loss of Low Video Frequencies. The video frequencies from 30 eps to
100 ke, approximately, represent the main parts of the picture informa-
tion, such as background shading, lettering, and any other large areas of
black and white. This follows from the fact that it takes a longer period
of time for the scanning beam to change from black to white over large
areas. Frequencies from 100 ke down to abont 10 ke correspond to

Fia. 11-10, Test pattern illustrating loss of high video frequencies.  Note the lack of
separation of the divisions in the top and bottom wedges. Also, they are weaker in
intensity than the side wedges. (RCA Pict-O-Guide.)

black-and-white information in the horizontal direction having a width
one-tenth or more of a horizontal line. Frequencies from 10 ke down to
30 ¢ps can represent changes of shading in the vertical direction. 1f a
solid white frame is scanned, the signal is a 30-cps square wave. If this
low-frequency square wave is not amplified with its wave shape preserved,
the reproduction will show a white screen having a gradual change of
intensity from top to bottom.

Figure 11-11 shows a test pattern reproduced with insufficient low-fre-
quency response. The background is dull gray, instead of white, the
lettering is not solid, and the picture in general is weak with insufficient
contrast between large black and white areas. Notice that the side
wedges, which represent low video frequencies, are weaker than the top
and bottom wedges corresponding to the high video signal frequencies.
The changes from black to white in the vertical direction between the
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divisions in the side wedges represent frequencies of 4 to 8 ke, approxi-
mately, while the horizontal center line corresponds to one-half cycle of a
40-ke square-wave signal.

11-7. Phase Distortion. Before the harmful effects of phase distortion
at low frequencies can be fully appreciated, the effect of time delay in the
picture reproduction must be analyzed. The relative time delay of some
parts of the signal with respect to the others is important because one ele-
ment of the picture is being reproduced at a time as the scanning beam
traces out the frame.  Asa result, a great enough time-delay distortion in

Fia. 11-11. Test pattern illustrating loss of low video signal frequencies. Background
is weak, lettering is not solid, and side wedges are weaker in intensity than vertical
wedges. (RCA Pict-O-Guide.)

the video signal can have the effect of displacing the picture information
on the kinescope screen.

The time it takes the beam to complete its visible scanning run from left
to right for one horizontal line is 53.3 usec. Consider now the scanning
speed in a picture 10 in. wide reproduced on the picture tube screen.
Since it takes 53.3 usec to cross the screen from left to right and the pic-
ture is 10 in. wide, it takes the beam 53.3 usec to move 10 in. on the screen
or 5.33 wsce for 1in.  If some low-frequency video signal suffers a time
delay of 5.33 usec because of phase distortion, the variation of the spot
intensity on the sereen corresponding to that signal will be displaced 1 in.
to the right from its proper position.

Phase delay is equivalent to time delay.  If one signal voltage is 10° out
of phase with another and lagging, as shown in Fig. 11-12, it reaches its
maximum and minimum values at a later time. The time delay is the
amount of time that corresponds to 10° of the cycle, in the illustrated
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example. This varies with the frequency.  For a signal voltage having a
trequency of 100 eps, it takes Y{gg sce for one complete cycle of 360°.
The amount of time equivalent to 10° in this eyele is 19469 X Yoo sec,
which is approximately 0.000278 sec, or 278 usee. In this time the
scanning beam can be displaced in a vertical direction by mare than
four lines.

Phase distortion, therefore, is very important at low video frequencies
because even a small phase delay is equivalent to a relatively large time
delay. For the extremely high video frequencies, the effects of phase dis-
tortion are not as evident on the sereen because the time delay at these
high frequencies is relatively small. Normally a video amplifier stage
that has flat frequency response up to the highest useful video frequency
has negligible phase distortion for the high frequencies.

The effect of phase distortion in distorting the picture reproduction can
also be examined in terms of the effect of time delay in changing the shape

a b
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Fia. 11-12, Phase delay.  Wave b lags behind wave a by the amount of time equal to
10° of the eycle.

of a nonsinusoidal wave. When phase distortion changes the wave shape
of the nonsinusoidal video signal coupled to the kinescope grid, the repro-
duction cannot correspond to the correct picture information contained in
the original video signal wave shape. In addition, the effect of phase dis-
tortion in changing the wave shape of a nonsinusoidal signal voltage such
as a square wave gives a convenient method for observing visually the
results of phase distortion in an amplifier, by means of a cathode-ray
oscilloscope.

Consider the nonsinusoidal wave shape shown in Fig. 11-13a. This
wave is actually composed of two sine waves. One is the fundamental,
with the same frequency as the combined waveform. The other sine
wave is the third harmonic, having a frequency three times the funda-
mental frequency and an amplitude one-third of the fundamental. Addi-
tion of the two sine waves, fundamental and third harmonic, produces the
resultant nonsinusoidal wave, which has the same frequency as the funda-
mental but tends to become more of a square wave than a sine wave. If
enough odd harmonics are added to the fundamental, the result will be a
square wave.
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The wave shape resulting from combining the fundamental and its har-
monics is critically dependent on the phase relation between the waves.
In Fig. 11-13b is shown the combination of the same fundamental and
third harmonic as in a, the amplitude and frequency of each being pre-
served but with a different phase angle between the two waves. Assume

Fundamental Resultant
N Third
armonic
f‘\/
l' \\

|
T
o
i 1) ’ 0 N
N ’ ’
1 e »
b
I
I
[
[
| (a)
1 |
»
1
1)
|
I 4~ P s
’ A Y
YV 2R )
\ ’ ’ \
}
|
I
t (b)
I
!
|
I
i
I Y
e —~
A Y
N e pd \
\ / /
e N w
(¢)

Fic. 11-13. How phase distortion changes the resultant signal wave shape. (a) Fun-
damental and third harmonic in phase. (b) Fundamental delayed by 60° and third
harmonic with 120° delay. (c) Fundamental delayed by 60° and third harmonic with
180° delay.

that in a stage amplifying such a signal the fundamental and third har-
monic are originally in phase, as shown ina. Then because of phase dis-
tortion in some circuit, the fundamental is made to lag by 60° of its cycle
and the third harmonic is made to lag by 120° of its cycle, with the result
shown in b. The resultant wave shape is distorted from the original
wave because the original phase relations between the fundamental and
harmonic are not maintained. Phase distortion always produces an
unsymmetrical distortion of the wave shape, as in b. Notice that the
peak amplitudes of the wave in b have different values than the original
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wave and they occur at different times than the peaks for the undistorted
wave. When the video signal amplitudes are distorted this way, the
corresponding picture information has incorrect light values and is dis-
placed in time, producing smear in the reproduced image.

It is important to note that the phase distortion is introduced because
the amount of phase shift is not proportional to frequency; it is not caused
by the phase shift in itself. When the second harmonic is delayed twice
as much as the fundamental, the third harmonic three times as much, and
so on, then the phase shift is proportional to frequency and there is no
phase distortion. In Fig. 11-10c the third harmonic is delayed by 180°
instead of 120°, making the phase shift of the fundamental and third har-
monic proportional to frequeney. As a result, there is no phase distortion
and the wave maintains its original shape.

To see why the phase shift should be proportional to frequency, the
phase delay must be translated into time delay. Consider a 1,000-cps sig-
nal, corresponding to the fundamental frequency in Fig. 11-13, delayed by
60°. This is a delay of 60/360 of the complete cycle that takes 1/1,000
sec. The amount of time delay is

6 1 _ 1
360 7 1,000 _ 6,000 °°

When a 3,000-cps signal corresponding to the third harmonic of the funda-
mental is delayed by 180° the
amount of time delay is

A
180 1 1 Phase angle Time dela
— — = ——— 8eC y A
360 < 3,000 — 6,000 ¢ e " (B Creone)

This is the same amount of time
delay as for the fundamental. Frequency
With the phase shift proportional ~ Fia. 11-14. Graph of linear phase re-
to frequency, then, the time delayis Sponse and constant time delay.
uniform. The time delay is not harmful if all frequency components
have the same amount of delay. The only effect of such uniform time
delay would be to shift the entire signal to a later time but with no dis-
tortion, because all components would be in their proper place in the
video signal wave shape and on the kinescope screen. For uniform time
delay and no phase distortion, therefore, it is required that the phase
angle be proportional to frequency, as illustrated in Fig. 11-14.
Nonuniform time delay can be introduced in the video amplifier because
of reactance in the plate and grid circuits. Unless the reactance of the
grid coupling condenser is negligible, the signal voltage across the grid
resistor will have a different phase angle for different frequencies. With
a reactive plate load circuit for the video amplifier, the amplified output
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will be out of phase with the input by more or less than 180°; and this
phase angle will vary with frequency. Since the reactance in both the
plate and grid circuits of the video amplifier is capacitive, this variation in
phase angle is not linear; the phase angle depends on the ratio of reactance
to resistance, and capacitive reactance does not vary linearly with fre-
quency. It should be noted than an inversion of the complete signal of
exactly 180° by the video amplifier does not contribute to phase distortion.
There is no actual time delay resulting from transit time in the tube at
video frequencies, and the phase inversion of 180° caused by the amplifier
merely reverses the polarity of the video signal with no delay or advance
in time,

11-8. Direct-coupled Amplifier. Some video amplifiers use the direct-
coupled amplifier circuit, with a resistive plate load but omitting the

20 ma

Qutput signal

Fia, 11-15. A direct-coupled amplifier. A sine-wave signal is illustrated instead of
video signal, and sereen-grid voltages are omitted.

coupling condenser, as illustrated in Fig. 11-15. The advantage of this
cireuit is that the amplifier can have perfect low-frequency response,
down to 0 cps, or direct current, because of the direct coupling without a
blocking condenser. Since it can amplify direct current, the circuit is
often called a d-c amplifier. The a-c signal variations are amplified with
the d-c component of the signal input to the direct-coupled amplifier.
Referring to Fig. 11-15, the signal input to the tube V, varies +1 volt
above and below the average value of —1 volt, which can be the d-¢ com-
ponent of the output from a previous stage. This d-c value of —1 volt
serves as the control-grid bias for V,. The instantaneous grid voltage
varies 1 volt above and below the bias axis of —1 volt, varying the grid
voltage between zero and —2 volt.  Assuming that a change of 1 volt in
the grid varies the plate current by 2 ma, the plate-current variations in
Viare £2 ma, resulting in a plate-voltage change of + 10 volts across the
5,000-ohm plate load resistor. The signal has been amplified by a factor
of 10, therefore. Notice that the d-c component of the grid signal has
also been increased ten times, since the average axis of the plate voltage is
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10 volts from either peak of the signal, instead of 1 volt. The plate of V,
is directly coupled to the grid of V. which amplifies the signal again by
ten times, producing the output signal of + 100 volts. Since the direct
coupling makes the grid of V, positive, with respect to ground, the
cathode is returned to 200 volts, so that the control grid can still be 10
volts negative with respect to the cathode in order to provide bias. The
plate of V; is returned to the BB supply voltage of 400 volts hecause the
plate must be more positive than the cathode for plate current to flow.

In a d-¢ amplifier, the grid of one tube is always at the same potential
as the preceding plate. This positive voltage at the control grid is can-
celed by putting a more positive voltage on the cathode of the second
tube in order to keep the grid negative with respect to cathode.  In addi-
tion, the second tube’s plate voltage must be much more positive than the
cathode to maintain positive plate voltage. Therefore. it is necessary to
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Fia. 11-16. Typical response curve for the RC-coupled amplifier.

connect each succeeding plate to a progressively higher B supply voltage.
As a result, direct-coupled stages require a higher B voltage supply than a
comparable resistance-capacitance coupled amplifier, where the d-c plate
voltage is blocked from the next grid. The direct-coupled stage also is
critical in adjustment, and sensitive to fluctuations of the screen and plate
voltages because it amplifies d-¢ voltages. For one or two stages the
requirements of a direct-coupled amplifier are not too severe, however,
and it is often used for the video amplifier in television receivers.

11-9. The Video Amplifier. The basic circuit of the video amplifier
uses a resistance for the plate load, with either direct coupling as in Fig,
11-15 or capacitive coupling as shown in Fig. 11-16. In this type of
amplifier the gain is independent of frequency over a wide middle range of
frequencies, making it most suitable for amplifying the band of video
frequencies with the least amount of frequency and phase distortion.
Audio-transformer coupling would not be suitable for the high video fre-
quencies that correspond to radio frequencies. A video frequency as low
as 2 Mc is higher than any signal in the standard radio broadcast band.
This entire band trom 535 to 1,605 k¢ would occupy only a very small por-
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tion of the video band of frequencies from 30 cycles to 4+ Mc. Trans-
former coupling using radio-frequency transformers would not be suitable
for the lowest video frequencies that correspond to audio. Direct cou-
pling can be used in order to amplify the d-c component of the video signal
along with the a-c signal. The response for high frequencies, however,
is not affected by the direct coupling.

The Uncompensated Video Amplifier. The RC amplifier is not the ideal
answer to the problem of amplifying the extremely wide range of video
frequencies without distortion, but it is a very practical solution. As
shown in Fig. 11-16, the amplifier response is flat over a wide middle range
of frequencies, which by proper choice of components can be extended to
include a large part of the required video-frequency range. The response
is down at the extremely low and high frequencies to an extent that would
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Fig. 11-17. Video amplitier with shunt peaking. Suppressor and screen-grid connec-
tions are omitted.

make the amplifier useless for video work without suitable correction.
For the low frequencies, phase and frequency distortions are introduced
because of insufficient bypassing in the cathode, screen, and plate circuits,
and most important, by the increasing reactance of the grid coupling con-
denser at low frequencies. For the high frequencies, the decreasing react-
ance of the unavoidable shunt capacities in the plate circuit reduces the
plate load of the amplifier, thus reducing the gain.

The reasons for distortion at the low-frequency end are not the same as
the causes of high-frequency distortion. By using a corrective cireuit for
the low frequencies, therefore, and one for the high-frequency response, it
is possible to obtain an over-all response for the resistance-coupled ampli-
fier that is satisfactory for the extremely wide range of video frequencies.

Shunt Capacitance. The gain of the video amplifier is down at the very
high video frequencies because of the shunting effect of various capaci-
tances in the plate circuit to the chassis ground.  These consist of the out-
put capacitance of the tube itself, the input capacitance of the next stage,
labeled Cou and Ci, respectively, in Fig 11-17, and stray capacitance of
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the components and wiring to the chassis. The output capacitance is
simply the plate-to-cathode capacitance for the amplifier tube. The
input capacitance is equal to the static value of the grid-to-cathode capaci-
tance in the following tube, plus a dynamic capacitance that is added to
the input when the stage is an amplifier. This dynamic increase in the
input capacitance of an amplifier stage is called the Miller effect. 1t
results from the tube’s grid-to-plate capacitance, as the effeet of the ampli-
fied signal in the plate circuit is coupled back to the input to increase the
dynamic value of the input capacitance.

The total shunt capacitance in a video amplifier stage is generally about
15 to 30 upf. This may seem a small value, but at high video frequencies
the capacitive reactance is low enough to reduce the plate load impedance
and the gain of the amplifier. In order to keep the amount of shunt
capacitance to the lowest possible value, tubes with small interelectrode

* FiG. 11-17a. A typical video peaking coil.

capacitances are used. In addition, care must be taken in the wiring and
placement of parts to keep the shunt capacitance to a minimum.

High-frequency Compensation. The inductance L, in the video ampli-
fier diagram of Fig. 11-17 is a peaking coil inserted in the plate circuit to
improve the high-frequency response. Fig. 11-17a shows a typical video
peaking coil. The peaking coil increases the high-frequency gain of the
amplifier by resonating with the shunt capacities to form a broadly tuned
circuit, thus canceling out the reactive effects of the shunt capacitance
in the plate circuit. The result is an amplifier with a response that
by suitable choice of values ean be flat up to the required frequency.
The peaking coil has no effect at the low and middle frequencies because
its inductance is so low (usually 20 to 200 xh) that it has no appreciable
reactance except for the extremely high frequencies. This method
of high-frequency compensation, with the peaking coil effectively in
parallel with the shunt capacities, is called shunt peaking and is one of
several possible methods of high-frequency correction.

T'wo other basic methods of correcting the high-frequency response are
illustrated in Figs. 11-18 and 11-19. In the series peaking circuit of Fig.
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11-18 the peaking coil is effectively in series with the shunt capacities C;,
and C,,. The combination peaking circuit in Fig. 11-19 combines both
the shunt and the series peaking methods. Of these three methods,
series-shunt combination peaking is used most often because it allows the
most gain. Shunt peaking provides the least gain. Any of the three
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F1a. 11-18. Video amplifier with series peaking. Suppressor and screen-grid connec-
tions are omitted.
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F16. 11-19. Video amplifier with series-shunt combination peaking for high-frequency
compensation, and R,C; and C.R. filters for low-frequency compensation.

methods can be made to give satisfactory response up to the highest
desired frequency. The method of calculating values for these types of
compensation is explained in the following chapter.

Plate Load Resistor. 1t is possible to minimize the effect of the shunt
capacitance by reducing the size of the plate load resistor. The effect of
the shunt capacitance in reducing the gain of the amplifier at the high-
frequency end does not become noticeable until the reactance of the shunt
capacitance becomes comparable to the resistance of the plate load.



VIDEO AMPLIFICATION 213

Since capacitive reactance decreases for increasing frequencies, the plate
load resistance is effectively in parallel with smaller reactances for the
higher frequencies. The resultant impedance of the two in parallel will
be less than either one. However, if one is very small compared to the
other, for example, 2,000 ohms for R, and 1 megohm for X, then the total
impedance is practically the same as the smaller one. Therefore, until a
high enough frequency is reached to make the reactance of the shunt
capacitance small enough, it will have no shunting effect on the plate load
resistor and no effect on the gain of the amplifier. By making the plate
load resistor small in value the frequency necessary to make X, have a
shunting effect becomes higher, thus extending the high-frequency
response of the amplifier. The value of R is 2,000 to 6,000 ochms for
video amplifiers.

Low-frequency Compensation. Satisfactory correction of the amplifier’s
low-frequency response can be obtained by using large bypass condensers
in the sereen grid and cathode circuits, a large coupling condenser and grid
resistor, in addition to special compensating filters. The decoupling
filter I2;C'y in the plate circuit of Vyin Fig. 11-19 is in series with the plate
load resistor R in order to boost the gain and reduce the phase distortion
for the very low video signal frequencies. The filter has no effect on the
amplifier’s response in the middle range of frequencies, or at the extremely
high end, because C, is a bypass condenser for these frequencies. Notice
the 0.005-uf condenser in parallel with the large 10-uf bypass condenser.
This is done in video amplifiers to provide effective bypassing for the high
frequencies where the inductance of the large tubular condenser may be
enough to result in appreciable inductive reactance. The R.(., filter in
the grid circuit of V; in Fig. 11-19 improves the low-frequency response
of the amplifier. By suitable choice of values for the plate circuit filter
RsC; and the grid coupling circuit K,C. and R., the video amplifier’s
response can be corrected for frequencies down to 0 eps, or direet current.
How to calculate the values for these compensating filters is explained in
the following chapter.

Gain of the Stage. The gain is the ratio of output to input signal volt-
age. It varies directly with the size of the plate load because the output
voltage is proportional to the plate load. This is a result of the voltage-
divider effect between the internal plate resistance of the tube and the
plate load resistor.  The smaller the value of £, the smaller is the propor-
tion of the amplified signal that is available across K, as output signal
voltage.

The gain of a pentode video amplifier over the frequency range for
which the amplifier is flat is

Gain = ¢, X Iy
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where g is the transconductance of the tube in mhos, available from the
tube manual in micromhos, and R, is the plate load resistance in ohms.
For the 6AC7 tube with a g,, of 9,000 umhos, or 0.009 mhos, and R, of
3,000 ohms, the gain of the stage is 0.009 X 2,000, or 27. The gain is a
pure number without units because the mhos and ohms cancel, being
reciprocals of each other. In general, the gain of a video amplifier stage
is about 10 to 50, depending on the size of plate load resistor and the g,
of the tube.

T'ubes Used. Pentodes and heam-power tubes are generally used for
the video amplifier stage because of their high value of x and g¢., and small
grid-to-plate capacitance. The 6ACT7, 6AG7, and 6CL6 are pentodes
developed especially for wide-band service such as the video amplifier,
where high g, and low grid-to-plate capacitance are important. Minia-
ture triode tubes with relatively low grid-to-plate capacitance and high
transconductance can also be used. The miniature glass twin-triode tube
12ATU7 is used as a two-stage video amplifier. Audio output tubes, such

Fia. 11-20. Oscillogram of composite video
signal. Oscilloscope  internal  sweep  at
15,750/2 cps to show video signal for two
horizontal scanning lines. Horizontal syn-
chronizing pulses at top of waveform.

as the 6V6 and 6K6-GT, are used for the video amplifier output stage in
the receiver because they can handle a relatively large signal swing on the
control grid without excessive amplitude distortion.

11-10. Video Amplifier Circuits. The video amplifier in a television
receiver generally has one or two stages. With input signal of positive
picture phase in either case, the negative picture phase output of a single
stage is coupled to the kinescope cathode, while the positive picture phase
output of a two-stage video amplifier is coupled to the kinescope control
grid. TFigure 11-20 shows an oscillogram of the composite video signal
output of the video amplifier. The amplitude of the video signal output
for the kinescope is about 70 volts peak to peak. The schematic dia-
grams in Figs. 11-21 and 11-22 show typical video amplifier circuits.

Single Direct-coupled Video Amplifier. Referring to the circuit in Fig.
11-21, the composite video signal output of positive picture phase from
the detector is directly coupled to the 6ACT7 d-¢ amplifier, which amplifies
the video signal with its d-e component and inverts the polarity to provide
composite video signal of negative picture phase for the kinescope cathode.
The picture control Ry in the cathode of Ve varies the contrast in the
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reproduced picture by changing the gain of the video amplifier. Decreas-
ing the cathode resistance to ground through R reduces the cathode bias
and decreases the amount of degeneration produced by the unbypassed
resistor, increasing the gain and the contrast. The 4,700-ohm resistor
R3» is the plate load resistor of the amplifier. L33 and Lsoq are peaking
coils to increase the response of the amplifier for high video frequencies.
R3s0 and R3sy are damping resistors across the inductances to broaden the
frequency response of the coils.  Fach coil and its shunt resistor is a

Detector %;g;ﬁ
t ;

output ! 20CP4

200P4

(R8BS RII6
L2 150

Picture

! fs R322 R326 R327
oV |
Horiz. 100k 100k l__.
4 J B+ Brightness
To sync B‘+

separator

Fia. 11-21. Single-stage d-¢ video amplifier cireuit. Capacitanee values in micro-
farads and resistanees in ohms, unless otherwise noted.  Voltage valnes marked with
asterisk vary widely with setting of controls. (Admiral Series 21 chassis.)

single unit, with the coil wound on the resistor as a coil form. The com-
posite video signal output with its d-¢ component is coupled to the kine-
scope cathode through Rj. and Ci. R decouples the kinescope
cathode from the plate of the d-c amplifier for d-c voltage, so that a very
slow change in the supply voltage will not vary the kinescope bias
appreciably. The values of R and (3 can provide low-frequency
compensation down to direct current, to provide the d-¢ component of
the video signal for the kinescope cathode. In addition, ;.4 forms a
voltage divider with I3 that reduces the d-c supply voltage at the
kinescope cathode, to increase the potential difference between the
cathode and accelerating grid. Note that the d-c¢ coupling makes the
kinescope cathode 82 volts positive with respect to ground, but the con-
trol-grid voltage set by the brightness control B3y is 460 volts, resulting
in a negative grid bias of —22 volts. Rjj forms a voltage divider with
the bias control R, to provide the required range of d-c voltages for the
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desired brightness. The bypass condenser Cyyo across 3. returns the
kinescope control grid to the ground, so that the video signal across Kz
is impressed between grid and cathode of the kinescope.

Two-stage RC-coupled Video Amplifier. In Fig. 11-22 the composite
video signal output of positive picture phase from the detector is coupled
to the 6AUG first video amplifier by the coupling condenser C,3, and grid
resistor R13s. The first video stage amplifies and inverts the video signal .
for the 6 K6-GT video output amplifier, which provides composite video
signal output of positive picture phase at the kinescope grid. Since this
receiver does not have automatic gain control, the contrast is varied by a
manual bias control for the picture i-f stages, not shown in the figure.

viIs V16 —— ~100v
64U6 6K6 GT
15t video 2nd video igm

2 AAAAA
WW
=
4

-2v +135v 2 275v -18v
Clel

0

To sync
separator

Fig. 11-22. Two-stage a-c video amplifier, Capacitance values in microfarads and
resistances in ohms, unless otherwise noted. (RCA 871830 chassis.)

The plate load resistor for the first video amplifier stage is the 3,300-ohm
resistor Ris. The peaking coil Ligs has a shunt damping resistor Rs.
Liso is also a peaking coil. The decoupling filter Rys1 and Cazss increases
the low-frequency response. Ci4 couples the video signal to the grid of
the 6K6 video output stage. Ry and R4 in the grid circuit form a
voltage divider across the —18-volt supply to provide the required
amount of grid bias for the GK6-GT. The cathode bias produced by 12144
is fixed, but the link on Ji2 can be changed to adjust the amount of
degeneration in the eathode. With the link across positions 1 and 2,
C161 is disconnected from the cathode resistor R4, resulting in degenera-
tion for all video frequencies. When the link is connected from 2 to 3,
asin the diagram, the 470-uuf capacitance of C16: bypasses R4, effectively
for the high video frequencies only, reducing the amount of degeneration
and increasing the response of the amplifier for high video frequencies.
The plate load resistor for the video output stage is the 3,300-ohm resistor
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R4z, Lygy with its shunt damping resistor R4 and L, are peaking coils.
Cia1 couples the a-c video signal to the kinescope grid. Since the d-e
component of the video signal is lost in the video amplifier, the a-c video
signal is coupled to the 6AL5 d-c restorer, which rectifies the a-c input to
provide for the kinescope grid a d-c voltage corresponding to the correct
average-brightness level of the video signal.

11-11. Hum in the Video Signal. An excessive amount of 60 cps or
120 eps hum voltage in the video signal coupled to the kinescope produces
hum bars on the screen, as illustrated in Fig. 11-23. Consider the case of
a 60-cps sine-wave hum voltage varying the kinescope control-grid voltage
in synchronism with the vertical scanning motion, as in a of Fig. 11-23,
The positive half ¢ycle of the hum voltage makes the grid more positive,
increasing the beam current and sereen illumination; the negative half
cycle reduces the beam current and screen illumination. Since it takes
{90 sec for a half cycle of the 60-cps voltage, the scanning beam moves

60-cycle 120-cycle
hum hum
-+ Hum bars -+ Hum bars

(b)
Fia. 11-23. Hum voltage and bars on kinescope screen. (a) 60 cps hum. (b) 120
cps hum,

approximately halfway down the screen during this time. Therefore, if
the positive half cycle of the hum voltage begins at the same time as the
vertical sean, the top half of the screen will be lighter than the bottom
half. The screen then has two horizontal bars, one light and the other
dark. If the frequency is 120 eps, as in b of Fig. 11-23, two pairs of bars
are produced because one complete cycle of the hum voltage occurs during
1{20 sec to produce a pair of black-and-white hars during one-half the
vertical scan. Two cycles of the 120-cps voltage produce two pairs of
bars during the field interval of 1§¢ sec. When the hum has the opposite
polarity from the voltage shown in Fig. 11-23, the black-and-white bars
will be reversed but there will be the same number. Often one of the
hum bars appears in two sections, a part at the bottom of the screen and
the remainder of the bar at the top, because the phase of the hum voltage
does not coincide with the start of vertical scanning.

Any 60- or 120-cps hum voltage in the video section of the receiver is
amplified by the video stages because these frequencies are in the video-
frequency range of 30 cps to 4 Mc. The hum voltage may be present in
the video amplifier as the result of modulation hum produced in either
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the r-f or i-f stages and rectified in the video detector, or the hum can be
introduced in the video amplifier section itself. Hum can be produced in
the video section by heater-to-cathode leakage in a tube, or because of
insufficient filtering of the B supply voltage. Note that the filament hum
always has a frequency of 60 cps, while hum from the I3 supply is 120 cps
in a full-wave power supply. Hum voltage that is introduced in the
video section itself is the additive type of hum, which does not require any
modulation and is present with or without a signal. Hum bars that are
in the raster without any picture, therefore, are caused by hum introduced
in the video section.

11-12. Troubles in the Video Amplifier. Since the video amplifier sup-
plies the video signal to the kinescope for reproduction of the image,

Fia. 11-24. No picture on kinescope screen. Raster is present, without snow.

troubles in the video amplifier can cause no picture, weak picture, or dis-
torted picture quality, while the raster is normal. The grid-cathode cir-
cuit of the kinescope is part of the video signal circuits. It is important
to note that these same troubles can also be produced by the i-f and r-f
amplifiers because the composite video signal is the envelope of the modu-
lated picture carrier signal amplified in the i-f and r-f stages.

No Picture. 1f the video amplifier does not provide video signal for the
kinescope grid-cathode circuit, there will be no picture. The deflection
eircuits, however, can still produce the raster. Figure 11-24 shows a
blank raster without any picture because of a defective video amplifier.
In order to see the raster without a picture, it may be necessary to turn
up the brightness control.

Weak Picture. Insufficient amplification of the video signal in the
video amplifier can result in a weak picture, with insufficient contrast, as
shown in Fig. 11-25,
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Smear in the Picture. In one form of smear, the edges between black
and white areas trail off to the right indistinetly within 14 in. on a 20-in,

Fi1c. 11-25. Weak picture, without snow, (RCA.)

screen, approximately, as illustrated in the test pattern in Fig. 11-10.
This short smear, or edge smear, is caused by insufficient high-frequency
response. However, severe smear and streaking in large areas of the
picture, as in Fig. 11-28, is produced by

excessive gain with phase distortion for the Signal Picture
low video frequencies. Black ___
Figure 11-26 illustrates why insufficient
—> B

high-frequency response can cause edge smear.  White

The square wave at the top in the illustration

corresponds to the picture information obtained g,

in scanning across the black bar, whichisa ~7777°7

small part of a horizontal line. Because of loss  white ‘ \ — O
of the high fre(.luen('ies and phase di§torti011, the o "\ .. Dingram show-
square wave is changed to the signal shown jug how insufficient re-
below with rounded corners, less slope, and sponse for the high video
more time delay in the leading and trailing 2::;2::'"('"'8 G UG
edges. Physically, the delay is a result of the

time nccessary for the shunt capacitances in the video amplifier circuit te
charge and discharge as the signal voltage changes rapidly at a transition
between black and white. 'The resultant picture information does not
have sharp edges, therefore, and the right-hand edge of the bar trails off
slowly from black to white past the position where the black bar should
end. When the right-hand edge trails off this way for every horizontal
scanning line, the black bar has short smear to the right. If the bar were
white on a black background, the white has short smear to the right.
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The reason why excessive smear and streaking in large areas of the pic-
ture results from excessive low-frequency response and the associated
phase distortion is illustrated in Fig. 11-27, for the case of a 15-ke square-
wave signal that corresponds to a black bar having one-half the width of
the picture. The excessive low-frequency amplification causes a lagging
phase-angle response that produces time delay. Physically, the delay is
the time necessary for the bypass condensers in the video amplifier plate
decoupling filter circuits to charge and discharge when the signal ampli-
tude changes relatively slowly. In terms of picture information, the
square wave at the top of Fig. 11-27 reproduces the black bar correctly,
but the delayed waveform below produces severe smear toward the right,
extending the black bar across the picture. The peculiar effect where a
long horizontal strip in the reproduced picture can be seen through a
person standing in front of it is caused by this type of smear. A repro-
duced test pattern with excessive low-frequency response and time-delay

Signal Picture
Black_ __
White _|—|_ ——
Black

Fic. 11-27. How excessive low-frequency response with phase distortion causes severe
smear.

distortion is shown in Fig. 11-28, Notice that the streaking of the black
lettering causes a dark area stretching to the right, like a shadow. Note
also that the smear to the right can extend over to the next line and
appear at the left of the smeared picture information. A trouble that
produces excessive low-frequency response in the video amplifier often
causes insufficient high-frequency response also, resulting in smear over
large areas and edge smear at the same time.

Trailing Outlines in the Picture. Excessive response for the high video
signal frequencies can allow the peaking coils to produce shock-excited
oscillations, or ringing, immediately after a rapid change in signal voltage.
Since the edge between black and light areas in the horizontal direction
corresponds to a s idden change in signal voltage, the ringing follows ver-
tical outlines in the picture. The oscillations produce duplicate outlines
that appear reversed from the original edge. The most noticeable effect
of the ringing usually is a white outline trailing a black edge that has a
light area on the right, as shown in Fig. 11-29. Generally the first outline
is most obvious but it can be followed by additional evenly spaced dupli-
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cate outlines. In addition, the ringing can cause a leading white outline
at the left of a black edge.

Fig. 11-28. Severe smear caused by excessive low-frequency response with phase dis-
tortion. (KBCA Pict-O-Guide.)

VAVAWIEIA!
| V.

-\.i.\!‘: UI.;I:?';IH_‘T.!. Zriqul

LI

Fig. 11-29. Test pattern with outline distortion caused by ringing in the video ampli-
fier. (RCA Pict-O-Guide.)

The reason for the reversed outlines when the video amplifier circuit
rings is illustrated in Fig. 11-30. The top waveform shows the video sig-
nal voltage corresponding to the black bar at the right. Below this are
the oscillating voltage waves caused by shock excitation of the peaking
coils when the signal voltage changes rapidly, with the corresponding thin
black and white lines they produce in the picture. The voltage waveform
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at the bottom of the figure combines the original signal with the oscilla-
tions. Notice that the oscillating voltage produces overshoots where the
resultant wave rises too high and undershoots where the voltage drops too
low. The undershoot at point 4 in the waveform causes a trailing white
outline after the black bar. The undershoot at point 1 produces a leading
white outline to the left of the black bar. The overshoots at points 2 and
3 make the signal voltage blacker than black, but this is not evident in the
reproduced picture. A small amount of ringing in the video amplifier,
equivalent to about 20 per cent increase in high-frequency response,

Signal Picture
Black_
—_— ]
_White _
Black _
it "
White _ "'_ ‘f"

®
Black _ [L_(i
. == |
White
©) ®

F16. 11-30. How excessive response for the high video frequencies causes outline
distortion.

may be desired in the video amplifier in order to make the picture look
sharper.

Summary of Picture-quality Distortions. The effects in the picture
of frequency distortion and phase distortion of the video signal fre-
quencies can be summarized as follows:

1. Insufficient horizontal detail and lack of sharpness at vertical out-
lines between black and white edges are caused by insufficient high-
frequency response. Short smear to the right of the edges also results
with phase distortion for the high video frequencies.

2. Reversed outlines, primarily to the right of vertical edges between
black and white, are caused by excessive response for the high video
frequencies.

3. Weak picture information for large areas in the image results from
insufficient response for low video frequencies.

4. Severe smear and streaking in large areas of the picture are caused by
excessive gain with phase distortion for the low video frequencies.

It is important to note that these same distortions of picture quality
can be caused by frequency distortion and phase distortion for the
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corresponding r-f or i-f signal frequencies, especially in the i-f signal,
since most of the receiver’s gain is provided by the i-f amplifier stages.

REVIEW QUESTIONS

1. What is the difference between video signal and picture signal?

2. What is the function of the video signal voltage coupled to the kinescope grid-
cathode circuit?

3. What determines the average brightness of the picture reproduced on the
kinescope screen?

4. What determines the contrast of the picture reproduced on the kinescope
screen?

5. What is meant by black in the picture reproduced on the kinescope screen?

6. Describe the effects on the pieture when the video signal voltage coupled to the
picture tube grid is of negative picture phase.

7. Describe two methods of obtaining manual contrast control in the television
receiver,

8. If a tube has the load resistance in the cathode circuit instead of the plate
circuit, will there he phase inversion of the input signal?  Why 2

9. What kind of distortion would result from incorreet grid bias on the video
amplifier?

10. What is meant by frequency distortion in an amplifier?

11. What is meant by phase distortion in an amplifier?

12. What is the effect on the reproduced picture of loss of the high video frequencies?

13. What is the effect on the reproduced picture of excessive low-frequency response?

14. What are the advantages and disadvantages of using the resistance-capacitance-
coupled amplifier for video amplification?

16. Give one advantage and one disadvantage of the direct-coupled amplifier.

16. If the total shunt capacitance in the amplifier were zero, would high-frequency
compensation be necessary? Why?

17. What is the video signal frequency corresponding to the information in a solid
white horizontal line with a length equal to the picture width?

18. Using a 4,000-ohm plate load resistor with the 6AG7 video outpnt tube, having
a gm of 7,000 pmhos, what is the gain of the stage?

19. Referring to the schematic Jdiagram in Fig. 11-21, give the function at the
following componcnts: l():(zz, l{no, Lso;, lfzonn, Ra:g, Cuo, Caog, and Rm‘.

20. Referring to the schematic diagram in Fig. 11-22, give the function of the
following components: R0, Liso, K139, R141, Ca23m, Crany Crats and Ria.

21. What could be the defect causing the following trouble: one pair of hum bars in
the picture and in the raster, but no hum in the sound? This is an intercarrier-sound
receiver with the sound take-off circuit in the video detector output eircuit.

22. Why will a weak video amplifier tube cause insufficient contrast in the repro-
duced picture?

23. What are two troubles in the video amplifier that can cause smear in the picture?

24. Explain briefly why the trouble symptom of no picture with a normal raster,
on all ehannels, can be due to the video amplifier.

26. Referring to the direct-coupled video amplifier eireuit in Iig. 11-21, why can
zero plate current in Ve result in no brightness on the kinescope screen?




CHAPTER 12

PRACTICAL DESIGN OF VIDEO AMPLIFIERS

The basic requirement of the video amplifier is that it be able to amplify
the video signal and still preserve its complex waveform so that proper
reproduction of the picture can be obtained. In order to do this, the
amplifier must respond to a frequency range with limits of 30 cps at the
low end and 4.0 Mec at the high end, approximately, without appreciable
frequency or phase distortion. In general, it is not possible to maintain
constant both the gain and the time delay of the amplifier over the entire
video-frequency range, and a compromise must be made, with neither the
gain nor the delay exactly constant but with both satisfactory in terms of
the picture reproduction. For good low-frequency response, constant
time delay is more important that constant gain in terms of the picture
reproduction. At the high-frequency end, it is more important that the
gain of the stage be uniform for all frequencies. In addition to the fact
that phase distortion at these high video frequencies introduces a rela-
tively small amount of time delay, the compensation method used for uni-
form gain in the amplifier usually reduces the time-delay distortion also.

12-1. Gain. The gain of an amplifier, which is equal to the ratio of
output signal voltage divided by the input voltage, varies directly with
the size of the plate load. This can be proved with the aid of Fig. 12-1,
showing the plate circuit of the vacuum-tube amplifier as an equivalent
a-c generator, generating a voltage equal to ue,. The generator has an
internal resistance equal to R,, the internal plate-to-cathode resistance of
the tube, and is connected to a load Z, which is the external plate-to-
cathode circuit. For the video amplifier, Z, is equal to the plate load
resistor [£, combined with any reactance in the plate circuit. This
equivalent circuit applies for any amplifier, triode, tetrode, or pentode,
as long as the tube is operating over the linear portion of its characteristic
curve. That the equivalent circuit is valid can be seen from the following
considerations:

1. The input signal voltage ¢, is amplified by a factor equal to the p of
the tube, but this is not the output signal voltage. The amplified signal

224
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voltage ue, is divided between the internal plate resistance of the tube and
the external plate load, the two being in series as a voltage divider.

2. Any current that flows through the external plate load must flow
through the cathode-to-plate resistance of the tube. Therefore, I, and
Z . must be in series with each other across the generator.

3. The plate load Z . can be considered as connected between plate and
cathode for the a-c signal voltage because the B supply is effectively
bypassed to the cathode.

| - R,
E:= g ‘EI':M @ & frou
g !
Cc 1
Il = !

(a) (b)

Fig. 12-1. A vacuum-tube amplifier circuit. (a) Typical operation. (b)) Equivalent
plate circuit.

Analyzing the equivalent circuit of Fig. 12-1, the signal plate current
that flows is the generator voltage divided by the total impedance across
the generator, which is equal to R, in series with Z..

S HEg
r Rp + ZL
The output signal voltage available across Z. is this plate current multi-
plied by Z,.

_ Mg

E... Rt 7, X Z.
- ueg X Z.
R, + Z.

The gain of the stage is /.. divided by Ei,, and F;,; is e, Therefore,

Gain = .E_"“! - (ueg X ZoY/(Ry, + Z1)
E

in €g

Canceling e, and factoring out g,

Z.

Ga1n=uxm

(12-1)
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The gain of the stage, therefore, is equal to the amplification factor of
the tube p multiplied by a factor Z,/(R, + Z.), which varies with the
value of Z, compared to 2,. In any case, the gain cannot he greater than
the u of the tube because the fraction Z,./(R, + Z1) can never exceed the
value of one. If the plate load is very large compared to R,, then the
fraction approaches the value of one and the gain of the stage approaches
the p of the tube. To obtain the highest possible voltage gain with a
given tube, then, the value of the plate load impedance should be made as
high as possible. However, the degree of which Z, can be increased is
limited by the fact that the /2 drop across the plate load resistor reduces
the plate-to-cathode voltage.

12-2. Video Amplifier Gain. The general expression for the gain of
an amplifier can be simplified for the common case of a video amplifier
using a pentode tube and a small value of plate load resistor. Pentode
and beam-power tubes are used because of their high x and gm and low
value of grid-to-plate capacitance. The low value of plate load resistor is
necessary in order to minimize the effect of shunt capacitance in the plate
circuit so that the gain can be extended to a frequency as high as possible.
Since the pentodes have very high internal plate resistance, many of them
being 1 megohm or more, and the plate load is 5,000 ohms or less, Z, is
negligible compared to R,. Therefore, the gain of the video amplifier is
given by the expression

[/

. ZL i
Gain = =—X1Z
VTRER, TR, A

because Z. + R, is in effect equal to R,,.

This expression for the gain of a typical video amplifier can be simpli-
fied further. The three characteristics of a vacuum tube—amplification
factor (u), plate resistance (R,), and transconductance (¢ym)—are related
to each other in the following ways:

= 2 = A =
gm = R,, R;z g M Rp X gm
Since p/R, equals g,, the gain of the video amplifier is given directly by
the expression
Gain = g, X Z,, (12-2)

The gain of the stage depends on the g. of the tube, rather than its M,
because of the low value of plate load. The value of g, for the tube is
available from a tube manual, and if the value of Z, is known the gain of
the stage can be calculated.

Example. A video output stage uses the 6CL6 pentode tube with a plate-to-
cathode voltage of 250 volts and grid bias of —3 volts, providing a gm of 11,000 umhos,
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The plate load resistor is 4,000 ohms. What is the gain of the stage for the middle
range of frequencies, where the plate load impedance is equal to the plate load resistor
Rp?
Gain = gm X ZL = gn X RL
= 0.011000 mho X 4,000 ochms
= 44

In order to have uniform gain or flat response in the video amplifier, the
product g X Z. must be constant throughout the desired frequency
range. The value of g, is the same for all frequencies because it is a
physical constant of the tube whose value depends on the applied plate-to-
cathode voltage and the grid bias. The plate load impedance Z, is the
factor that varies with frequency because it includes any reactance in the
plate circuit. As the magnitude of Z, varies with frequency beeause of
reactance, the relative gain of the amplifier will vary in exactly the same
manner. The response of the
uncompensated RC amplifier de-
creases at the high-frequency end
because 7. decreases with the
reduced reactance of the shunt
capacitance in the plate circuit at
high frequencies.

12-3. Shunt Capacitance.
total shunt capacitance C, is the
only reason that the amplifier response is down at the high-frequency end.
I4 is very important, therefore, to keep C; to as low a value as possible.

Components of C.. As illustrated in Fig. 12-2, the total shunt capaci-
tance is equal to the sum of four capacitances always present in the
amplifier.

The Fi6. 12-2. The shunt capacitances in an
amplifier.

C[ = Cout + Cin + Cm + Cu.uy

(... 1s the static output capacitance from plate to cathode of the tube
itself. The television pentode amplifier tube 6AC7 has an output capaci-
tance of 5 uuf, as given in the tube manual. Similarly, C,, is the static
input capacitance between grid and cathode. This is taken for the suc-
ceeding tube, since the input circuit of the next stage is part of the plate
load for the previous tube. The 6AC7 has an input capacitance of 11
wuf.  In the case of a video output stage driving the picture tube, the
input capacitance of the kinescope grid circuit is an important factor in
the high-frequency response of the amplifier and must be included in its
total shunt capacitance. The input capacitance of picture tubes is
approximately 6 uuf. C,, is a dynamiec input capacitance, which is added
to the static value of input grid-to-cathode capacitance when the tube
functions as an amplifier. This increase of input capacitance in an ampli-
fier stage is the result of the Miller effect and can increase to a great extent
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the dynamic input capacitance of a triode, or of a pentode having a great
deal of gain.

Citay includes capacitance to the chassis ground of the wiring, com-
ponent parts such as the coupling condenser, plate load resistor, and
peaking coils, in addition to capacitances between the tube elements
through the tube socket. These are not included in the tube manual’s
listing of the capacitances but can add appreciably to the total shunt
capacitance C;. The stray eapaci-
tances can be held to a minimum,
greatly improving the amplifier’s

o (=1 o high-frequency response, by short
reflected input 3 =  wiring, use of low-loss sockets, and
capacity ]—

proper placement of parts. The

: coupling elements should be
P:m. 12-3. Tl.ne A\Iill.or effect l:eﬂects .ad(li- mounted away from and perpen-
tional capaclta.nce into the mp}lt circuit AT (® (s (L rerhts 0 e s (s
through the grid-to-plate capacitance.
strays. A rough estimate of the

stray capacitance in a video amplifier stage is about 5 to 15 uuf.

Miller Effect. 'The amount of input capacitance added by the Miller
effect for the case of a resistive plate load is C,, (1 + A4), as shown in Fig.
12-3, where A is the gain of the stage, and C,, is the grid-to-plate capaci-
tance of the tube. This additional effective input capacitance results
because the difference in potential between grid and plate charges the
input grid capacitance through the grid-to-plate capacitance. In any
condenser, @ = CV, where V is the potential difference between the
plates, Q is the charge on either plate, and C is the capacitance. Increas-
ing the charge on the condenser C;, with the same input voltage e, effec-
tively increases the input capacitance. The dynamic input capacitance
of the tube, therefore, is

Cio + Cop (1 + 4)

where C,, is the static input capacitance always present in the tube, and
C,p (1 + A) is the capacitance added to the grid circuit because of the
Miller effect when the tube is amplifying the input signal.

Example 1. Find the total input capacitance of the 6AC7 operating with a gain
of 14. From the tube manual, the static input capacitance of the 6AC7 is 11 uuf and
Cop is 0.015 ppuf.

C=Cln+CﬂP(l+A)
11 40015 (1 + 14)
11 +0225
11.225 puf

Exomple 2. Find the total input capacitance of the triode umplifier 6J5 operating
with a gain of 14. From the tube manual Cia is 3.4 uuf and Cyp is 3.4 upf.
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C=Cn+Cp(1 4+ 4)
34 4+ 3.4 (0 + 14)
3.4 4 51.0

54.4 puf

From these examples it is seen that with a pentode tube the additional
input capacitance resulting from the Miller effect is small because of the
extremely low value of C,,. In a triode, however, the high value of grid-
to-plate capacitance reflects back into the grid circuit when the tube is
used as an amplifier stage, greatly increasing the dynamic input capaci-
tance. When the gain of a stage is very high, though, even a small
amount of grid-to-plate caparitance can increase the input capacitance
appreciably.

Calculating C,. The first step in designing the video amplifier is to find
the value of the shunt capacitance, since this is a direct measure of the
high-frequency response of the amplifier and how much compensation is
needed at the high end. C; can be calculated, if desired, as the sum of the
individual capacitances. Cou, Cia, and C,, are available from the tube
manual, and the gain of the next stage can be measured or calculated
from the expression Gain = g, X R..

Example. What is C, for a 6AU6 video amplifier driving a 6K6-GT video output
tube whosec gain is 10? The stray capacitance is 5 uuf.

Cl Cout + C-(ruy + Cin + ("ﬂP (1 + A)
5454554051 4 10)

5+5+55+55
2

1 uuf

Measuring C,. Better than calculating (', is finding its value experi-
mentally by resonating with a known value of inductance in the plate
circuit of the video amplifier. Unmodulated signal from an r-f generator
is coupled to the video amplifier control-grid circuit, and the amplified
output is measured with an a-c voltmeter capable of measurements at the
high video frequencies used. Varying the frequency of the applied sig-
nal, the output voltage will show a marked increase at resonance when the
reactance of the inductance equals the reactance of C,. Normally, no
output reading is obtained until resonance is reached because the coil is
inserted in the plate eircuit of the amplifier in place of the plate load resis-
tor, which is omitted when making this measurement in order to obtain
sharper resonance. The coil should be similar to the actual peaking coil
that will be used for the high-frequency compensation so that €, will not
change after the measurement.

With the value of inductance and the resonant frequency known, C,
can be computed from the resonant frequency formula
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i
f = 2r /LC
1
2 _ _ 1
fr 7|'211C
i 1

©

T AL ()7L

The value of ', is usually about 20 to 30 uuf, using pentodes with the stray
capacitances held down to a minimum. If the output voltmeter is not
isolated from the video circuit being measured, the input capacitance of
the meter must be subtracted from the measured capacitance to obtain
the (', of the amplifier itself. Another method of measuring €, in terms

. Sy |
\ /
IRV
| |
* R, Cstuy R, >Jv= R, ==
Coutl :Cm C‘
= |
l | . l .
(a) (b)

Fi1c. 12-4. Plate load impedance of the uncompensated video amplifier. (a) Actual
eircuit. (b) Iiquivalent circuit.

of the known high-frequency response of the amplifier is desecribed in the
next section,

12-4. High-frequency Response of the Uncompensated Amplifier.
The manner in which the gain of the amplifier varies with frequency can
be seen by examining the nature of the plate load. Since the gain is equal
to gmZ 1 and gn is independent of frequency, the gain varies with frequency
in the same way that Z. does.

High-frequency Equivalent Circuif. At the high-frequency end of the
video band, the plate load impedance Z. is equal to the plate resistor .
in parallel with the total shunt capacitance C,. That this is so can be
seen from the following:

1. The reactance of the coupling condenser C, is negligibly small for
the high video frequencies.

2. This puts all the individual input and output capacitances in parallel
with the plate resistor 2, and grid resistor I,.

3. The effective plate load, then, consists of the total shunt capaci-
tance C,, the plate resistor K., and the grid resistor I,, all in parallel.
However, R, is usually quite small, while R, is at least 100,000 ohms.
The parallel combination of R, and R,, therefore, is practically equal to
the resistance of R, the smaller one.
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4. Thus the effective plate load Z. is equal to R, in parallel with C,,
as shown in Fig, 12-1,

In order to analyze the amplifier response at high frequencies, it is only
necessary to see how the equivalent plate load Z, varies with frequency.
Assuming a value for R, of 3,000 ohms and for C; of 30 uuf, this can be
done with numeral examples. At mid-frequencies, the capacitive reac-
tance of (", is so large that it has practically no shunting effect and Z, has
the same value as /£,—3,000 ochms. Taking 10,000 cycles as an example,
the reactance of (' at this frequency is

1
X = mye
_ 1
T 27 X 10* X 30 X 10—
= 530,000 ohms (approx)

The resultant of 3,000 ohms resistance in parallel with 530,000 ohms of
capacitive reactance is practically equal to 3,000 ohms. At a frequency
of 1 Me, however, the reactance of (*; is 5,300 ohms. This reactance in
parallel with 3,000 ohms produces a resultant impedance of less than 3,000
ohms. Consequently, Z. is less than 3,000 ohms for the high video
frequencies and the gain of the amplifier is down in the same proportion
as Zi. It should be noted that the reactance of (', and resistance of Ry
must be added in parallel vectorially.

Definition of F,. Since the reactance of C; is very great compared to
R. at low and middle frequencies, and continuously decreases as the
frequency becomes higher, there will be some frequency where the reac-
tance of C; equals .. This frequency at which X, equals R, is denoted
here as F,, and is a convenient point at which to compute the equivalent
impedance of the parallel combination of I¢, and X,

The resultant impedance Z, of this parallel combination can be evalu-
ated vectorially by the method illustrated in Fig., 12-5. Consider the
equivalent plate load of R, and X, in parallel connected across an a-c gen-
erator. Since they are equal, cach will draw the same amount of current
Iy and I, although they differ in phase of 90°.  The total current drawn
from the generator is the vector sum of the two currents. The actual
value of the currents depends on the generator voltage and the value of
R.or X, but this does not matter here.  Only the fact that they are equal
is of consequence, and a value of 1 ma is taken for the individual branch
currents.  Adding the two branch currents vectorially, the total current
is 4/2 ma, using the paralielogram method for adding two vectors 90°
out of phase with each other, as shown in Fig. 12-5b.  With a current of
1 ma in each branch and a total of 4/2 ma for both parallel legs, the total
impedance of the parallel combination is 1/4/2 of cither branch imped-
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ance because the impedance is inversely proportional to the current. The
factor 1/4/2 is equal to 0.707. Therefore, when X, is equal to R., the
total impedance Z, of the two parallel branches is 0.707, or 70.7 per cent
of R., and the gain of the amplifier is reduced proportionately. At mid-
frequencies the plate load impedance equals R. because X, is too large
to have any shunting effect. At the frequency F», where the plate load
impedance is 70.7 per cent of K., the voltage gain is down 29.3 per cent.
This is a loss of 3 db, and F, is conveniently defined as the frequency at

I,=V2 ma
(AL .
Y | i ,
'
G |
RL Xct '(6\ l
2 I
I,=1ma 1 ma A |
Il=1 ma :
J
I,=1ma
(a) (b)

Fia. 12-5. When Ry, equals X, the total impedance of the high-frequeney equivalent

plate load cireuit is equal to (I/\/2_) X 1. (a) Plate load connected across an a-¢
generator. () Vector addition of the two branch currents.

which the high-frequency response of the uncompensated amplifier is
down 3 db, compared to the gain at mid-frequencies.

The gain of the uncompensated video amplifier is down 3 db at F,
because X, equals R, at that frequency. The reactance of C, at this
frequency I2 must equal

1

Xa = 570,

Also, this value of X, is equal to R, by the definition of Fs. Therefore

1
k. = 27l yC,
or
Fo=m —1 (12-3)
“ 20 iR O,

where R is in ohms and € in farads to give I, in cycles per second.  The
value of Iy, therefore, is inversely proportional to R and ;. In order
to have a high value of F, and good high-frequency response, both 2, and

(', must be small. A few examples will demonstrate the usefulness of
this formula.
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Example 1. An uncompensated video amplifier has a plate load resistor of 4,000
ohms and a total shunt capacitance of 18 uuf. At what frequency is the gain down
3 db? What is the mid-frequency gain, using a tube with a gn of 6,000 umhos?

1

F2 = siuc,
1

T 27 X 1,000 X 18 X 10-2
2.2 X 108 ¢ps (approx)
2.2 Me
Gain = g, X Ry,
0.006 X 4,000
=24

Example 2. What value of Iy, is needed to make ¥, esqqual 4 Me for the amplifier of
Example 17 What is the mid-frequeney gain using a tube with the same g,,?

1

Fs = T
or
1
Icll - 2‘!’"’2(};
Ry = L

2r X 4 X 10% X 18 X 10712
2,200 ohms (approx)

Gain = g, X R

0.006 X 2,200

13.2

In general, C, is made as small as possible with special attention to the
strays, and I, is given the value required for a desired value of F;. While
it would seem that any value of ¥,
can be obtained by suitable choice
of the value of R., there are prac-
tical difficulties. Since the gain of Relative
the stage is equal to g.R., the gamn
smaller the value of R, the less the
gain. It is much better to obtain
a high value.a f)f F, by keeping C, Frequency
down to a minimum. In this way, . .

. Fic. 12-6. Relative gain vs. frequeney for
Ry can have a higher value for a different values of plate load resistance.
given F'; and the gain of the stage
will be greater. The effect of different values of R, on the amplifier
response curve, with a fixed value of Ci, is shown in Fig. 12-6.

The frequency F. is an important measure of the high-frequency
response, even though the amplifier is not usable up to this frequency
without compensation. The higher the value of F; the better is the high-
frequency response of the amplifier. However, it is not possible to use the

R;=6,000 ohms

R;=4,000 ohms

R;=2,000 ohms
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video amplifier up to F; without compensation. At this point the gain is
70.7 per cent of the mid-frequency response, representing a loss in gain
of 29.3 per cent, and a variation in gain of more than 10 per cent is not
flat response in the video amplifier. The uncompensated amplifier is flat
only to the frequency equal to 0.1 F,.  As an example, if Fa2is 4 Mec, with-
out compensation the amplifier is very nearly flat to 0.4 Mc or 400 ke.
Last and most important, when the amplifier is compensated with the
design procedures given here it is made flat to the frequency F,. When
designing the amplifier by this method, K. is chosen so that, with the
experimentally determined value of C,, F» will be the highest video fre-
quency to be amplified. Then compensation is added to make the ampli-
fier response flat to F, within 10 per cent instead of being down 3 db at
this frequency.

Measuring C, in Terms of F.. The fact that the voltage gain of the
uncompensated resistance-coupled amplifier is down 29.3 per cent at F,
provides a method of caleulating C; from dynamie measurements on the
video amplifier. If F; is measured with a known value of R, in the plate
cireuit, C; can be computed from the formula

1 1

Fr=5pe. o ©=%mm,

The procedure can be as follows:

1. Insert a known valueof B in the video amplifier plate circuit. This
can be any value, say 2,000 to 5,000 ohms, as long as its value is known.

2. Measure the a-c signal voltage output of the amplifier with a known
value of input voltage from a signal generator at some middle frequency,
say 10 ke.

3. By varying the input frequency but keeping the input voltage con-
stant, find the frequency at which the output voltage is down to 70.7 per
cent of its mid-frequency value. This is Fa.

4. With F,; and R. known, C, can be computed from the formula
('g = l/(21l'chl"2).

12-5. Shunt Peaking. Once C, is known, the value of plate load
resistor can be chosen for the desired value of F,. This frequency is
chosen as the limit up to which the video amplifier response is desired to be
flat, because the high-frequency compensation is designed to make the
amplifier response uniform up to Fz2. The simplest method of doing this is
with the shunt peaking circuit, as shown in Fig. 12-7.

Plate Load I'mpedance. With the peaking coil inserted in series with
R., the equivalent plate load illustrated in Fig. 12-7b takes a form differ-
ent from the case of the uncompensated amplifier. Analysis of this net-
work to find its total impedance 7, will show how the gain of the amplifier
varies because the gain varies with frequency in exactly the same way as
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Z. does. The impedance of the LR branch is the vector sum of the
inductive reactance of the peaking coil X, in series with the plate load
resistor RB.. The impedances in parallel are combined vectorially to
provide the total impedance of the plate load network.

Ar J l{l 4_\'L,,
“NR:2+ (X, — X0)?
If R., C,, and L, are known, the impedance of the shunt peaking

equivalent network can be found for any frequency by substituting the
values of R., X, and X, for that frequency.

- E) 2n L
4 L
=  Xey
4G 3R % Ry
- Lo

* * ; . ‘

(a) (b)
FiG. 12-7. Shunt peaking. Rrand L, can be reversed in the cireuit, but the connection

shown reduces the stray capacitance. (a) Shunt-peaked stage. (b) Equivalent plate
load circuit.

Design Values. An interesting and important case occurs when R,
equals X,,, and X, is one-half either one. The impedance then becomes

_ ,Rﬁ + (R./2)% _ _
Z, =R, m_RL\/I_RL

The network impedance is exactly equal to R for this condition. Taking
a numerical case, suppose that X,, is 2,000 ohms at a given frequency.
If R. is 2,000 ohms and L, has an inductance such that its reactance
is 1,000 ohms at the same frequency, then

2,000% + 1,000*
2,000% + 1,000?
Zi = 2,000 /1 = 2,000 ohms

Therefore, for the frequency at which X, is equal to R, and X is equal
t0 0.5 R, the impedance of the plate circuit and gain of the amplifier are
exactly the same as at mid-frequencies. Since the frequency at which
X, equals Ry is F'5, if the peaking coil is made to have inductive reactance
equal to 0.5 ., (or 0.5 X, at the frequency F;) the amplifier response will
be flat to F'; instead of being down 3 db at this frequency. These values

Zi = 2,000
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are used for shunt peaking:

Ry = Xt Fy = 27FITC. (12-4)

X. = 05R, = 2 (12-5)
° 27!'1"2(/'1

L, = 0.5C.R,.? (since X, = 2mfL) (12-6)

where 12 and X are in ohms, (' in farads, L in henrys, and ¥ in cps.

A plot of impedance or relative gain against frequency for the amplifier
shunt peaked with the above values is shown by curve 2 in Fig. 12-10.
This figure shows universal response curves, applicable to any amplifier
that is compensated by the method indicated. Plotting frequency in
terms of the ratio f/F, instead of actual frequency allows the curve to be
used universally for amplifiers having different values of F. As an
example, if F, of the amplifier is 4 Mc and it is desired to know the
response at 2 Me, it can be read from the curve at f/F: = 0.5. Above a
frequency equal to 0.1F;, where the uncompensated amplifier response
would begin to fall, the gain of this shunt-peaked amplifier actually rises
slightly. This rise continues, then decreases to make the gain at F,
exactly the same as at mid-frequencies. The slight rise in gain just
below F can be tolerated because it deviates only 3 per cent from flat
response.

The reason for the increase in impedance and gain over the uncompen-
sated circuit is that the peaking coil resonates with C; to form a parallel
resonant circuit broadly tuned to the high-frequency end of the video
band. The resonant circuit is broadly tuned with a very low Q because of
the damping effect of R, in series with coil L, in the tuned circuit. The
resonant frequency of the peaking circuit, where X1 = X., is not at 0.6F:
where the maximum rise in impedance occurs, but is at some frequency
higher than F,. With such a high series resistance in the tuned cireuit it
has a resonance curve that is neither symmetrical nor sharply peaked, and
the point of maximum impedance is not at the resonant frequency.

While these design values are not the only possibilities, they are suitable
for obtaining uniform response in the shunt-pcaked amplifier. If the
peaking coil is too large, the Q of the compensated circuit is too high and
the response rises too sharply just below F.. If the coil is too small the
plate impedance will not increase enough because of the low Q, and the
response will fall down below F.. The values given, then, represent a
good compromise for maintaining the amplifier response flat up to F.

Design Procedure for Shunt Peaking. In practice, the procedure is this:

1. The highest frequency up to which the amplifier is desired flat is
chosen as F5. 'This may be from 2.5 to 4.5 Mc or higher, depending on
the use of the video amplifier.
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2. Cyis caleulated or preferably measured in the chassis.

3. With €, known, R, is chosen as equal to the reactance of % at the
top correction frequency Fy as decided in | above: I, = 1,/2¢F,C,.

4. The peaking eoil L, is chosen to have an inductance such that its
inductive reactance at F, is one-half 12,

X., = YR, ohms (at Iy)
or

Lo = 0.5C,R.? henrys

5. The gain of the stage for mid-frequencies and very high frequencies
up to F. is now equal to gml,, approximately, since the plate imped-
ance is essentially equal to R up to the frequency F, with the added
compensation.

Exomple. An amplifier is desired to be flat to 4 Me. €, is 18 ppf.  What are the
sizes of 2, and L, required? What is the gain of the stage when a tube with a gm Of
6,000 pmhos is used?

1. Fyis 4 Mec, the top correction frequency.

2. The reactance of Ciat Fy = X,

1
- 27!'1"2(}1
_ 1
T 2r X4 X 108X 18 X 10712
= 2,200 ohms (approx)

3. Ry is 2,200 ohms, therefore, since it equals the reactance of ¢y at #;. The value
for K, is taken to the nearest 100 ohms.

4. L. = 14CR .2
= 14 X 18 X 10712 X (2,200)?
= 43.6 X 107¢ henry (approx)
= 43.6 uh

5. Gain = g,, X I?y,
= 0.006 X 2,200

13.2

If the 2,200-ohm plate load resistor is used with the 43.6-gzh inductance in
the shunt peaking circuit, the amplifier response will be essentially flat
to 4 Mc with a gain of 13.

Ezperimental Procedure for Determining L,. Further analysis of the
equivalent plate circuit of the shunt-peaked amplifier will make it possible
to find the correct value of L, experimentally. If the reactance of L, is
one-half the reactance of C; at the frequency F,, as it should be for this
type of compensation, the two reactances will be equal to each other at
some frequency higher than F; because X, increases and X, decreases
with increasing frequency. The reactances will be equal at the resonant
frequency f, = 1.4F,.
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This is derived from the resonant frequency formula.

1
C2r VILC
= — — 1 —
2r v/ 0.5CR.2 X C,

1

1 )
B2
21!' \/0.0C; x (21!‘]"2( ’1)
since Ry = 1/2xFC,.

Squaring both sides of the equation,

Jr

2 = :
r - 1 9
9-\2 2 _ &
(2r)? X 0.5C2 X (21'_11,20')
— 1 P 2
= o5 = o

fo = V/2F, = 1414F,

Therefore, if the top correction frequency F is multiplied by 1.4 and the
inductance of the peaking coil is adjusted to resonate with C, at this
higher frequency, f,, the inductance will automatically be the correct size
needed for the shunt peaking up to F; because its reactance will then be
one-half the reactance of C, at the lower frequency F,.

12-6. Series Peaking. The series peaking circuit has an advantage
over shunt peaking because the series peaking coil, denoted L., separates
Ci. and (o This is illustrated in Fig. 12-8. Instead of adding in
parallel as in the shunt peaking circuit, Ci, and Co are effectively in series
with the peaking coil L,. While it might seem that the series coil would
reduce the signal input to the next grid because it offers increasing
impedance for higher frequencies, such is not the case. For frequencies
high enough to develop any voltage across L. the coil resonates with the
shunt capacitances to raise the plate impedance and gain of the stage,
so that, even with the voltage-divider effect between L. and Ci,, the input
signal voltage to the next grid is maintained uniform. With Ci, and Cou:
in series with each other, instead of adding in parallel, the effective shunt
capacity is reduced. This allows the use of a higher value of plate load
resistor with a consequent over-all increase in gain, as illustrated by the
response curve in Fig. 12-10 for series peaking.

In order to state definite values for the peaking coil and plate load
resistor, the ratio between Ci, and C.. must be known. Usually, the
input capacitance is about twice the output capacitance because of the
higher input capacitance of the tube, and the ratio Cia/Cou = 2 is the
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basis of the design values given here. Small changes in capacitance can
be made to obtain the desired ratio by placement of parts.  For instance,
the coupling condenser (', can be placed on either the grid or plate side of
Lc to add its stray capacitance either to Ci, or to Co. (', iss the capaci-
tance at the grid side of Le; Cou is the capacitance at the plate side of L..

= %Rg
To grid of
next stage
Cout
T 3R 2R,
To grﬁof
(b) next stage

FiG. 12-8. Series peaking.  (a) Series peaking circuit and equivalent plate load for
Cia = 2Coue.  (b) Series peaking cireuit and equivalent plate load for (' = 4Cou..

For the ratio (",/Co = 2, the values required to make the amplifier
flat to I, for series peaking are

13 .
I\?L = ].5<Yc‘ at 1’2 = m (12-1)
L. = 0.67C R ,? (12-8)

Since the value of plate load resistor is 50 per cent higher than in shunt
peaking, the gain of the series-peaked amplifier is 50 per cent greater over
the entire video-frequeney range. The response is still maintained uni-
form up to F,, as shown in Fig. 12-10. For the same example calculated
for shunt peaking in Sec. 12-5, the plate load resistor would be 3,300 ohms,
L; 120 ph, and the gain of the stage 19.8, if series peaking were used.
Referring again to Fig. 12-8, the coil L, and the two capacitances (', and
Cou form a w-type low-pass filter for coupling the signal. The filter can
be turned end for end, as shown in b, without changing its characteristics,
and this may be done if the output capacitance is larger than (.. The
rule is to keep the plate load resistor B, on the low-capacitance side of the
filter. In either case the ratio of input and output capacitances should be
approximately 2 because this gives the best phase-angle response.




240 BASIC TELEVISION

12-7. Series-shunt Combination Peaking. If the filter coupling of the
series peaking coil is combined with a shunt peaking coil as shown in Fig.
12-9, the value of plate load resistor can be increased over either of the
previous methods. The same rules apply as in the filter coupling. The

To grid of
next stage

To grid of

next stage
(b)

Fig. 12-9. Combination peaking, combining the shunt and series peaking methods.

(a) Circuit and equivalent plate load for Cin = 2Coue. (b) Circuit and equivalent

plate load for Cia = 34Cout

ratio between Ci, and Cou. should be approximately 2, and R, is on the
low-capacitance side of the series peaking coil L.. The design values are

1.8
RL = l.SXC, at Fz = m (12-9)
L. = 0.52C.R.? (12-10)
L, = 0.12C.R.* (12-11)

Incorrect division of the shunt capacitances in the circuit may cause an
excessive rise in response, which can usually be reduced by adding the
shunt damping resistor R across L. to lower its Q. The value of R is
about two to five times R;.. The coil L, is damped by the series resistance
Of RL.

With the higher value of K., the gain of the amplifier is 80 per cent
higher than in shunt peaking, and the response is still uniform within 10
per cent up to F, as shown in Fig. 12-10. For the same example calcu-
lated for shunt peaking in Sec. 12-5, the plate load resistor would be
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3,960 ohms, L. 145 ph, L, 35 uh, approximately, and the gain of the stage
23.8, if combination peaking were used.

TaBLE 12-1. ComparisoN oF HIGH-FREQUENCY COMPENSATION METHODS

l Relative
Type R, L, L. ! gain at
P
Uncompensated............ ... 1/2xFoCo | oo | o 0.707
Shunt............. ... ... ... ... 1/21I’F20¢ 0.5C¢RL’ ......... 1.0
Series (Cin/Coue = 2)............ 1L.5/2xFsCy | . ... ... 0.67C,R ;2 1.5
Combination (Cia/Coue = 2). .. .. | 1.8/2xF,C, | 0.12C,RL? | 0.52C,R.? 1.8

12-8. Summary of High-frequency Compensation. The essential
design data for the shunt, series, and combination peaking methods are

20 P :
_J 11 | | _6” ].] I|” | 1_,_1]4
18 | L I U === B T E
: HEREN N TN ] Il [l
16 —-H-HHT—H-GVHI— mE
’ | .! | _@? : | ‘ !Ti-‘;
14 } L] T L] ®u ted
T : — m T ncompensate
c 12 il 1] 5 "1l @ Shunt peaking
% T 1 v T @ series peaking
Qo + +
% 10 [ [[1] . (1] 1) | | @ combination peaking
= | Lilk I ) ]
& 038 | = Ht— ™ See table 12-1 for
| NN ! design values
0.6 T |I | ' 1 1
| | | | Q\ :!'
[ | | |
0.4 H
b AN
0.2 |~ R\
|11 | L N\ N
0 [ [ []]] [ 1111 J N )
0.001 0.01 0.1 1 10

Relative frequency f/ F,
F16. 12-10. Universal response curves for the video amplifier.

given in Table 12-1. Figure 12-10 shows the response curves. The
uncompensated amplifier is also included for comparison. Combination
peaking provides the most gain but the sharpest cutoffi. The sharp cutoff
at the high end of the frequency response makes the amplifier more
susceptible to ringing, with the resultant outline distortion at edges
between black-and-white picture information. However, combination
peaking is used most often because of its high gain.
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It should be noted that the values listed in Table 12-1 are not the only
possibilities. More peaking can be obtained by using more inductance in
the peaking coils, allowing a higher plate load resistance for more gain,
but these advantages are at the expense of less uniform response, sharper
cutoff, and more phase distortion. The design values given here provide
suitable results in terms of gain, flat frequency response, and uniform time
delay.

Design Procedure.  Regardless of the top correction frequency used or
the type of compensation, the design procedure is essentially the same as
given previously for shunt peaking. The top correction frequency Fy is
decided, C; measured, and . given the correct value in terms of the
reactance of (; at the top correction frequency. With 12, and ('; known,
the size of the peaking coils can then be determined. For the series and
combination peaking the ratio of (% to (o can he made equal to 2 by
proper placement of parts.  This ratio can ordinarily be assumed when the
tube’s input capacitance is approximately twiee the output capacitance.

With the compensation added, the gain-frequency characteristic of the
amplifier can then be checked with a signal generator supplying constant
voltage input over the required frequency range and a suitable a-c volt-
meter monitoring the output. The response curve of the amplifier can be
observed visually, if this is desired, in much the same way as an i-f
response curve is obtained. A video sweep generator is used to supply
video signal input to the amplifier the response of which is being checked,
and the amplified output is coupled to the vertical input of the oscillo-
scope, preferably through a detector probe so that a standard oscilloscope
can be used.

Every effort should be made to keep the stray and cireuit capacitance
down to a minimum, since the limiting factor in obtaining good high-
frequency response is the total shunt capacitance. The common practice
of placing a small paper or mica condenser in shunt with a large elec-
trolytic bypass condenser in order to aid in bypassing the high frequencies
can sometimes cause a nonuniform frequency response in the amplifier.
The inductance of the electrolytic may resonate with the capacitance of
the mica or paper condenser to cause an increase of gain in the region of
the resonant frequency. Wire-wound resistors for the plate load should
be avoided, unless their inductance and distributed capacitance are known
and used as part of the compensating network.

Cascaded Stages. Theamount of deviation from flat frequency response
or uniform time delay that can be tolerated depends on the number of
video stages of amplification used. Tor the one or two video stages gen-
erally used in the television receiver, compensation using the design val-
ues given will produce good results because the drop in response at the
highest correction frequency is no more than 10 per cent, and the time-
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delay distortion is negligible for the amount of phase distortion present.
For a single stage using comhination peaking, the variation in time delay
from 1 ke to 4 Mc is 0.00375 psec.

When many cascaded stages of video amplification are used, as in studio
and transmitter installations comprising 20 to 30 video amplifiers, the
cumulative effects of any distortion introduced make the compensation
problem much more exacting. In cascaded stages, where the plate cir-
cuit of one drives the grid of the next, the over-all frequency response is
equal to the product of the individual responses because an amplifier
multiplies the input signal by a factor equal to the gain. The over-all
time-delay distortion is equal to the sum of the individual delays. Com-
pensation of a multistage amplifier is more exacting, therefore, because

= C, R, C,
500uf< 1600|104

il

Fra. 12-11. Sources of low-frequency distortion in the conventional resistance-coupled
amplifier are cathode bypass condenser Cy, sereen bypass (', power-supply impedance
Zs, and coupling eircuit R, (..

secondary effects, not appreciable with one or two stages, become pro-
nounced and may distort the signal. The problem can be solved by com-
pensating each stage for a pass band of about 6 Me¢ and making up for
the consequent loss in gain by using more stages.

12-9. Low-frequency Response. The video amplifier not only must
have uniform response for the very high video frequencies but also must
be capable of amplifying signal frequencies down to the frame frequency
of 30 ¢ps.  There will be signal frequencies lower than 30 eps but these are
reproduced by means of the d-¢ reinsertion circuit in the recciver.

At the low frequencies the shunt capacitance C; has such high reactance
that its shunting effect on the plate load resistor is negligible. Now,
however, the increasing reactance of the coupling and bypass condensers
at the low frequencies introduces distortion. Phase distortion is espe-
cially troublesome because of the large time delay at very low frequencies.
Referring to Fig. 12-11, low-frequency distortion can be introduced in any
of the following places in the circuit: the screen resistor and bypass net-
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work R,C,, the power-supply impedance Z,, the cathode resistor and
bypass Ri('x, and the coupling network R,C..

Distortion Caused by Screen-grid Impedance. The required sereen volt-
age, about 90 to 150 volts, is often obtained from the plate BB supply by
means of a series dropping resistor. This sereen-grid resistor must be
bypassed to the cathode or chassis ground by a condenser big enough to
have little reactance at the lowest operating frequency, in order to main-
tain the screen at a steady d-c potential. If the screen voltage varies at
the signal frequency, the gain of the stage will be reduced and phase dis-
tortion will be introduced in the amplifier.

Generally, sufficient bypassing is obtained when the resistance is at
least 10 to 20 times the reactance of the bypass condenser at the lowest
operating frequency. The screen dropping resistor can usually be prop-
erly bypassed with the common 8- or 10-uf electrolytic condenser, as
shown in Fig. 12-11, to climinate the screen circuit as a source of low-
frequency distortion. The value of screen dropping resistor is deter-
mined by the tube and is either obtained from the tube manual for typical
operation or calculated for the desired screen voltage.

Distortion Caused by Power-supply Impedance. Unless an electronic
type of regulated power supply is used, the impedance of the power supply
Zy is essentially equal to the reactance of the output condenser in the
power-supply filter. This reactance varies with frequency and, if it is
appreciable, may introduce frequency and phase distortion at low fre-
quencies because of the corresponding variations in plate load impedance.
Also, if the reactance of the output filter condenser is appreciable for the
low frequencies, the video amplifier may oscillate at a low frequency of
10 to 30 cycles (motorboating) because of mutual coupling between stages
through the power supply. All the amplifiers are connected to the com-
mon B supply, and unless its reactance is negligible some of the output
signal voltage for one stage will be developed across the B supply and
thereby be coupled into the plate circuit of the other video stages. The
term motorboating is carried over from audio work, but the effect of the
low-frequency relaxation oscillations in the video amplifier is to make the
picture flicker on and off the screen at the oscillating frequency.

The problem of eliminating mutual coupling through the power supply
at low frequencies can be solved by using a large output filter condenser,
say 25 to 100 uf or even larger if possible, and inserting an isolating or
decoupling filter R,C,in series with the plate circuit as shown in Fig. 12-11.
The decoupling network serves effectively as an additional filter on the
power supply for the one stage alone, separating the amplifier plate load
resistor from the output filter condenser of the power supply. For
isolation purposes, the values for R, and C; are not critical, although 2,
cannot be made too large because it acts as a series dropping resistor to




PRACTICAL DESIGN OF VIDEO AMPLIFIERS 245

reduce the plate voltage applied to the tube, and 'y should be large enough
to bypass IZ; at the lowest operating frequency. By choosing suitable
design values, however, the I2;C; filter can be made to correct for low-
frequency distortion introduced in other parts of the circuit.

Another method used to minimize mutual coupling through the power-
supply impedance is an electronic voltage-regulated supply to make the
power-supply impedance Z, very low. Gas-filled voltage-regulator tubes
such as the VR-150 can be placed across the power-supply output to keep
the output voltage steady. Two VR-150 tubes in series across the output
will hold the output voltage steady at 300 volts. Another form of regu-
lator is shown in Fig. 12-12.  The vacuum-tube regulator is so arranged
that its plate current varies the /R drop across R,.  Grid bias is presct at
a given value by means of the tap on the voltage divider, with the buck-
ing battery inserted so that the grid bias can be negative with respect

From rectifier —— A A A A
cathode S T
Power
J —L_  Regulated
< supply =< =
filter B G

I | L

Fra. 12-12, A vacuum-tube voltage-regulator circuit for a stabilized power supply.

to cathode. As the output voltage E, tends to change, the bias changes,
providing an /2 drop across R, that opposes the change in K, aud keeps
the output voltage constant. For instance, when E, tends to increase,
the bias becomes more positive, more plate current flows, and the increased
IR, drop reduces the output voltage to the steady value.

Distortion Caused by Cathode Impedance. Attenuation of the low fre-
quencies can be produced by insufficient bypassing of the cathode bias
resistor.  If the resistance is not at least 10 to 20 times the reactance of
the bypass condenser at the lowest frequency, the cathode voltage will
vary at the signal frequency instead of remaining fixed as a d-¢ bias volt-
age. This results in degencration, with redueed output, as some of the
output signal is fed back to the grid cireuit in phase opposite from the
input to cancel out part of the input signal voltage. Referring to Fig.
12-11, it is shown that, if input signal drives the control grid in a positive
direction, the cathode simultancously will be driven more positive with
respect to chassis ground because of the increased plate current, assuming
that ("x is not large enough.  Making the eathode more positive is the
same as driving the control grid more negative, making the feedback to
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the control grid a signal in opposite phase from the input to reduce the
input and output signal voltage. The amount of degeneration varies
with the signal frequency as the reactance of C varies, thus introducing
low-frequency distortion.

The effects of low-frequency distortion caused by insufficient cathode
bypassing can be corrected by five methods.

1. Eliminate the cathode bypass condenser, allowing the cathode resis-
tor to degencrate the input signal the same amount for all frequencies.
The gain of the stage is reduced because of the degeneration and is equal
to A/(1 4+ gmRi), where A is the normal gain without degeneration.
For the case of a 160-ohm unbypassed cathode resistor with a tube having
a gm of 5,000 umhos, the gain of the stage will be 11.1 with degeneration
if the normal gain is 20. The reduction in gain is constant for all fre-
quencies, however, and no low-frequency distortion is produced.

2. Use a very large cathode bypass condenser, say 250 to 1,000 uf.
Such condensers are available at reasonable size and cost because they can
be low-voltage electrolytics.  The reactanee of a 1,000-uf condenser at 30
cycles is approximately 5 ohms and will not produce appreciable distor-
tion in most circuits.

3. The plate decoupling filter B,("; can be given values that compensate
for the low-frequency distortion introduced by the varying cathode imped-
ance when the cathode bias resistor does not have a big enough bypass
condenser. Design values for this are given in the next secetion.

4. Eliminate both the cathode bias resistor and bypass, ground the
cathode, and apply fixed bias to the control grid from the power supply.
This eliminates entirely the cathode bias impedance as a source of dis-
tortion, but a smaller value of grid resistance is necessary when using
fixed bias rather than cathode bias. For the 6ACT7, as an example, the
d-¢ resistance in the grid circuit should not exceed 250,000 ohms when
fixed bias is used, but may be as high as 0.5 megohm with cathode bias.
A lower value of grid resistance aggravates the problem of the grid coup-
ling circuit.

5. Use grid-leak bias for the video amplifier.

12-10. Distortion Caused by the Coupling Circuit. In Fig. 12-11,
coupling condenser (', has increasing reactance at lower frequencies, and
for the extremely low video frequencies its reactance can be comparable
to the resistance of the grid resistor B,. The coupling condenser and grid
resistor then act as a voltage divider for the amplified output of the pre-
ceding stage, with only the part of the signal voltage that is developed
across I¢, being impressed between grid and cathode for amplification.
Any voltage developed across C. is lost as far as output signal is con-
cerned because the condenser voltage is not impressed between grid and
cathode.
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Definition of Fy. The extent to which the amplifier response is down
at low frequencies because of the coupling network 12, can be caleulated
for the case where the reactance of the coupling condenser is equal to the
resistance of R, to provide a convenient measure of the coupling circuit’s
low-frequency response. For the high and middle frequencies, the
reactance of C, is negligible compared to 12,, and the entire signal voltage
is applied to the grid circuit. As the frequency is decreased, the reactance
of (. increases until it is equal to &, at some low frequency. At this
frequency, the voltage across (', equals the voltage across I, since they
are equal arms in an effective voltage divider. The voltage across C, is
reactive, however. Adding these equal voltages vectorially, each is
1/4/2 of the total applied voltage. Thercfore at the frequency where
Xe. = Ry, denoted here as Iy, the response is down to 1/4/2, or 0.707 of
the mid-frequency response.  This is a voltage loss of 29.3 per cent, or
3 db.

Since the reactance of (', is equal to R, at the frequency F,,

1 :
‘Yc,—R,—m atl«l
or
1
F, = SRC (12-12)

With a given value for &, and C,, the frequency at which the response is
down 3 db c¢an be found. As an example, for a 0.1-uf coupling con-
denser and 0.5-megohm grid resistor, /', is approximately 3 cycles. The
amplifier is definitely not usable down to the frequency F, because the
response is down 3 db from the mid-frequency gain, as shown in Fig.
12-13. The frequency response is essentially flat down to a frequency
ten times F,.

Phase Distortion Caused by R,C.. More important than the loss in
response is the phase distortion caused by the coupling circuit because it
introduces a large time delay for the very low frequencies. Considering
the plate output signal as an a-c generator driving the I2,C. circuit, the
current flowing in the coupling circuit leads the generator voltage by the
angle with the tangent X./R. The signal voltage across R, is of the
same phase as the current, and leads the input valtage by the same angle.
At the frequency Fy, X, and R, are equal and their ratiois 1. The leading
phase angle of the voltage across R, at F, is the angle with tangent 1,
therefore, which is 43°.  As illustrated in Fig. 12-13, the effect of the
coupling circuit at the low video frequencies is to give the signal a leading
phase angle that increases for lower frequencies, as the reactance of the
coupling condenser C. increases. In order to eliminate this source of




248 BASIC TELEVISION

distortion it is necessary to make the phase angle zero at the lowest
operating frequency.

Values for R,(.. 'T'o obtain good performance at low frequencies I,
should be a frequency as low as possible, which means that &, and C.
should have values as large as possible.  While it might seem that large
snough values could be used to eliminate any distortion in the coupling
circuit, there are practical difficulties. R, cannot be made too large
because of the harmful effect of reverse grid current caused by residual
gas in the vacuum tube, which produces a positive grid bias. The maxi-
mum permissible value of R, varies with different tubes and depends on
whether fixed bias or self-bias is used. When the capacitance of (' is
too high, its physical size becomes too large and it adds too much shunt
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Fi1a. 12-13. Gain-frequency and phase-angle-frequency response of the uncompensated
RC ampiifier, as determined by the coupling condenser and grid resistor. At I,
the response is down 3 db and the leading phase angle is 45°.  The leading phase angie
at 10 F, is 6°.

capacitance to the circuit, which has an adverse effect on the high-fre-
quency response. Also, the larger the capacitance of C,, the greater its
leakage current, which may cause trouble with a high value of grid
resistance. Another disadvantage of using values of &, and C. that are
too large is the tendency of the amplifier to motorboat. It is advisable,
therefore, to use values of E,C. small enough to avoid these troubles and,
if necessary, to use design values for the decoupling filter R,C, that com-
pensate for the coupling circuit. Values used in the grid coupling circuit
usually have an I,C. product that provides a time constant of 0.05 to
0.5 sec.

12-11. Low-frequency Correction. Of the four causes of low-frequency
distortion, the screen-grid reactance can be made negligible, the power-
supply impedance can be made very small and isolated from the amplifier
by means of the plate decoupling network R +C, the cathode reactance can
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be eliminated or made very small and compensated by means of R,C,, and
the coupling circuit £C product can be made as large as possible and com-
pensated by means of ,(";. The compensating filter B,(;, then, can be
very important in correcting the low-frequency response.  In any case, it
decouples the plate circuit from the power supply to reduce mutual cou-
pling through the output filter condenser. In addition, this same decou-
pling network can be given values that allow it to compensate for distor-
tion introduced in the cathode and the coupling circuit.

Compensating for Cathode Impedance. The plate current of the ampli-
fier flows through both the cathode bias impedance and the R,C; imped-
ance, so that the same kind of distortion is generated in both circuits.

v, V2
Gain=20
0.1
'_—{ R,C, compensates for R.C,

3k R, C, =chk

Cy R _GC
L = ==20

IOO/lf o Rk C/

Suf
=  4kSR, :[C, C

B+
Fia. 12-14. Low-frequency compensating filter with values to correct for the cathode
impedance.

However, the current flows through the networks in opposite directions,
so that the R,('; distortion component can cancel out the distortion caused
by CiR, when the values for R;C; make the two voltages equal. Perfect
correction for the cathode bias impedance R,C\ can be obtained by using
the following values for R,C,:

R,C; = CiR: (12-13)
and
Ry _Cv _ . -
R-C " gain of the stage (12-14)

The calculations are easily made to find the required values for R, and (.
Isis larger than R, by the gain of the stage, and ' is larger than (', by the
same proportion, as shown in Fig. 12-14.  The value for R, is determined
by the required bias. Ci and ('y are given convenient values, say 25 to
250 uf for C'x and 4 to 10 uf for €'y, with (' larger than C; by the gain of the
stage. The gain is equal to gm X R..

Compensating for the Coupling Circuit. The coupling cireuit R,C,
causes a loss in response and a leading phase angle that produces time-
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delay distortion. The impedance of the R;C; network in the plate cir-
cuit, Z;, increases the gain of the amplifier by the factor (R, + Z,)/R.
because the plate load impedance is increased by Z;. Also the phase of
the amplifier output is shifted in the lagging direction because C; is a
shunt capacitive reactance in the amplifier’s plate load, drawing less lead-
ing plate current for the lower frequencies. Since the effect of Z; is oppo-
site the distortion effects produced by R,('., the compensating filter R,C,
can be given values to correct for the low-frequency distortion produced
by the coupling circuit.

(a) (6 B+ C-
R;C, compensates for R,C, R;C; and R, compensates for R,C,
R,C,=R,C. C, R, R,
Cr_Re_ C R, R
C. R, 100

Fig. 12-15. Low-frequency compensation to correet for the reactance of the coupling
condenser C.. (a) R,C, filter. (b) R,C;and R across C..

As illustrated in Fig. 12-15a, approximate compensation for the low-
frequency response of the coupling circuit can be obtained by using the
following values:

R.C, = RC. or S-1Is (12-15)

C. R.

Notice that R, is the resistance of the plate load resistor, which is deter-
mined by the high-frequency response. Suitable values are 10 uf for
Cy, 0.1 uf for C¢, and 10,000 ohms for R;. Therefore, the required value
of R, is 300,000 ohms. The resistance of R; must be much more than R,
for the low-frequency compensation to be effective. Also, the larger the
resistance of R, the lower the frequency that can be corrected. R, can-
not be made too large, however, because its voltage drop reduces the
tube’s plate voltage. With 10,000 ohms for R, and 10-ma plate current,
the voltage drop is 100 volts, which would leave 200 volts available as the
available plate supply voltage with a B supply output of 300 volts.

The low-frequency compensation can be improved by adding the resis-
tor R, across the coupling condenser C,, as in Fig. 12-15b. Now the
coupling circuit has a d-¢ connection to the next stage and the low-fre-
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quency response can be made perfect down to 0 eps, or direet current.
The values required for this type of low-frequency compensation are

Cr _ Ry _ R o6
SR TR, (12-16)

Using the same values as in Fig. 12-15a, (', is 100 times as large as €. and
R, is 100 times K,. Therefore, K. is 100 times K;, or 1 megohm. The
addition of R, provides a d-c path

| —Fundamental

that impresses a small positive Third harmonic
voltage on the grid of the next N ,[Q-Firth harmonic
stage, but this can be canceled NVt

by increasing the negative voltage
applied to the grid for bias. (@)
When the previous stage is

directly coupled to Vi, it ecan be

considered as a d-¢ amplifier,

since the d-¢ component of the

signal will be amplified and /\] d
coupled to the next stage.

12-12. Square-wave Analysis. (b) (¢)
The low-frequency compensation —]
can be determined experimentally
by square-wave analysis of the
amplifier’s low-frequency response.
A perfectly square wave is the sum ~—~——
of a sine wave at the fundamental (d) (&
frequency together with all the . - .

. Fia. 12-16. Square-wave analysis of the
odd harmonics of the fundamental.  vjgeo amplifier’s low-frequency response,
The amplitude of each of the odd  (¢) Applied square wave. (b) Attenu-
harmonics is inversel Tonor ation of low frequencies: no phase distor-

R . ,y proj tion. (¢) Rise in gain for low frequencies:
tional to its harmonic number, o phase distortion. (d) Phase distortion
and all the harmoniecs are in  caused by excessive leading angle for low

5 el . frequencies.  Attenuation of low frequen-
phase with the fundamental, as cies also present. C.R, too small. (e)

shown in Fig. 12-16a. A circuit  phase distortion caused by excessive lag-
that has flat frequency response ging angle for low frequencics. No
and constant time delay for the ?]t,::;:"(l‘u}‘:(m of low frequencies. € Ry less
fundamental and harmonic fre- o
quencies transmits the square wave without any change in shape. A
nonuniform frequency response or time delay must result in a change of
wave shape. For a square wave of low frequency, uniform time delay
is especially eritical in maintaining the wave shape.

A low-frequency test of the video amplifier can be made by applying a
low-frequency square-wave signal to the input, say 30 ¢ps, and observing
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the resultant output wave on an oscilloscope. The input square-wave
signal should be coupled directly to the oscilloscope first to check the origi-
nal wave shape and the response of the oscilloscope.  Then the shape of
the output wave can be interpreted in terms of the video amplifier charac-
teristics at low frequencies.  As illustrated in Iig. 12-16, curvature of the
horizontal portion of the square wave is caused by a nonuniform fre-
quency response.  Note that the wave in b is bowed inward, indicating
insufficient gain for the fundamental, which is the lowest frequency. The
wave at ¢ is bowed outward, showing that there is more gain for the fun-
damental frequency than for the higher frequency harmonics. This can
be the result of a value of ,C, that provides too much compensation.
The symmetry of a half cycle of the wave is dependent on the phase angle
response of the amplifier. Lack of symmetry indicates phase distortion,
with frequency distortion also present. Perfect symmetry indicates that
there is no phase distortion. It is important to note that no indication of
circuit performance helow the fundamental frequency of the square wave
is obtained. Therefore, the square-wave signal should be the lowest cor-
rection frequency desired.

The procedure for correcting the video amplifier's low-frequency
response can be as follows:

1. Choose a suitable value for R;. Larger values of R, allow correction
down to lower frequencies but its resistance cannot be too great because
the IR drop reduces the plate voltage of the video amplifier, reducing the
gm and the gain of the stage for all frequencies. A value of about 10,000
ohms is practicable.

2. Use a large condenser of convenient size for C;. This can be 4 to
10 uf.

3. Use a coupling condenser C, of 0.05 to 0.1 pf.

4. Make the grid resistor R, a variable resistance. The maximum
resistance of this variable rheostat can be 0.3 to 1.0 megohm.

5. Couple the 30-¢ps square-wave signal to the input of the video ampli-
fier and observe the wave shape of the amplifier’s output by means of an
oscilloscope. Vary the grid resistance R, until a perfect square wave is
obtained in the output. This determines the value of R,C. that allows
the compensating filter I2,(’; to provide the best correction. Then meas-
ure the experimentally determined value of R, and insert a fixed grid
resistance of this size.

The above method provides the best over-all low-frequency compensa-
tion because maintaining the wave shape of the square-wave signal is criti-
cally dependent on minimum phase distortion. This is the condition
desired in correcting the video amplifier response because minimum phase
distortion at the low video frequencies is more important in picture repro-
duction than frequency response. The square-wave experimental proce-
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dure can be used to correct distortion produced by the cathode impedance
of the amplifier, or the coupling circuit, or both. With a single measure-
ment, the optimum values are obtained for over-all low-frequency correc-
tion of a single amplifier stage or several stages. A typical square-wave
signal generator is shown in Fig. 12-17.

Fia. 12-17. Squarc-wave signal generator. Frequency range is 5 to 100,000 cps.
(Measurements Corporation.)

R
B+
:Rl Output
[z
Sk
- r’l
e
(b) (¢)

Fra. 12-18. The eathode-coupled stage. The load is in the cathode instead of the
plate circuit. (@) Triode cathode follower. (h) Pentode cathode follower.  (c)
Triode cathode follower, with plate-dropping resistor I and grid returned to tap on
cathode resistance.

12-13. Cathode-coupled Stage. Cathode follower or cathode-coupled
slage is the name given to a stage where the load is in the cathode instead
of the plate circuit, as shown in Fig. 12-18.  The input is coupled to the
grid circuit as usual, but the output is taken across the cathode resistor By,
which is not bypassed in order to provide the output signal voltage.
Triodes, tetrodes, or pentodes ean be used. A series resistor may be used
in order to drop the plate voltage from the B supply, but the resistor is
bypassed so that it does not serve as the plate load for signal voltage.
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An important advantage of the cathode-coupled stage is that it can
operate as an impedance-matching device for coupling a high-impedance
source to a low-impedance load, serving the same purpose as an imped-
ance-matching transformer but without its limitations on frequency
response. In video work, the cathode follower is used at the transmitter
to couple the video signal with its extremely wide band of frequencies from
the high-impedance plate circuit of a video amplifier to a transmission-line
cable of much lower impedance, usually about 72 ohms. It should be
noted that in the receiver the video output stage normally drives the high-
impedance kinescope grid ecircuit directly, and no cathode follower is
needed.

The effectiveness of the cathode-coupled stage for impedanee matching
derives from the high input and low output impedance of the stage. Both
the input conductance and the grid-to-cathode capacitance are reduced by
the factor 1/(1 + ¢g.Ri). This high input impedance can be useful in
applications where it is desired to provide isolation. For instance, fre-
quency-response checks ean be made on a video amplifier by coupling the
video output to a cathode follower and measuring across its cathode resis-
tor, thus isolating the meter from the video amplifier. The lowered value
of input capacitance in the cathode follower makes it possible for the pre-
ceding amplifier to provide more gain or wider frequency response hecause
of the lower value of shunt capacitance. The cathode follower is also
used very often for isolating stages in mixing amplifiers, making it possible
to mix several signals in an amplifier without common coupling between
circuits.

The value of output impedance is given by

l X Ry
Z,=t— (12-17)
g*-m + R

This is equivalent to the reciproceal of the transconductance being in paral-
lel with the cathode resistance. The gain of the stage is given by

Ol

Gam = m

(12-18)
The gain of the stage is always less than one, as shown by the expression
above, because all the output signal provides inverse feedback to the con-
trol grid to degenerate the input. IHowever, the higher the value of Ry
the closer to unity the gain of the stage becomes, and output impedances
as low as 50 to 100 ohms ean be obtained with a gain close to 1. When it
is desired to find the value of Ry needed for a definite output impedance
Z,, Eq. (12-17) ean be rearranged as follows:
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— X Z,

Ry = -"l'"— (12-19)
- —Z
Gm

There is no phase inversion in the cathode-coupled stage, since the cath-
ode voltage follows the grid input voltage, varying in the same direction.
When the grid is driven more negative by signal voltage the decreased
plate current makes the cathode less positive, and when the grid is made
less negative the increased plate current makes the cathode more positive.
While there is no cathode bypass condenser, the average value of eathode
current produces an /R drop across R, which can still serve effectively as
the bias because it sets the operating point about which the signal varia-
tions take place. If the value of Ri needed to provide the desired amount
of output impedance is too large for the required amount of bias, R; can be
divided into two parts, as in ¢ of Fig. 12-18, where only the voltage across
%y serves as grid bias because of the grid return connection. When the
required value of Ry is too small for the desired value of bias, an additional
resistor can be added in series and bypassed for the lowest signal fre-
quency. The output signal is then taken from the junction of the two
resistors.

12-14. Video Amplifier Tubes. The merit of a tube as a video ampli-
fier depends essentially on its transconductance and interelectrode eapaci-
tances.  'The g, of the tube should be as high as possible in order to pro-
vide as much gain as possible with the low value of plate load that is
required. The interelectrode capacitances should be as low as possible,
in order to allow a higher value of plate load for a given frequency
response. A figure of merit for a tube in wide-band amplifier service,
then, is the ratio of g, to the sum of the interelectrode capacitances.

Im

Com + (’vin + (vgp (I + ‘l)

Figure of merit =

Triodes generally have a lower figure of merit than pentodes. How-
ever, triodes have a lower noise rating than the equivalent multigrid
tubes and are preferred in low signal-level applications such as the first
video amplifier in the camera chain, in order to maintain a good signal-to-
noise ratio. In addition, the miniature triode glass tubes have small tube
capacitances and can provide snitable figures of merit compared with the
larger glass or metal tubes.  In video amplifiers for relatively high voltage
output, such as the video output stage in the receiver and the modulator
section in the transmitter, it may be necessary to sacrifice figure of merit
in order to use a tube capable of handling the amount of signal swing
required.  The beam-power tubes such as 6V6 and 616 are often used in




256 BASIC TELEVISION

these applications. With these power tubes and triodes, the internal
plate resistance of the tube may be low enough to alter thesimplifications
made for gain of the stage. In such a case, the gain of the stage isgiven
by Eq. (12-1) because R, is not negligible compared to .

REVIEW QUESTIONS

1. Why is the response of the video amplifier down for the very high frequencies?

2. What arc the causes of low-frequency distortion in the video amplifier?

3. A 3,300-ohm plate load resistor is used with the 6AC7, having a g. of 8,000
pmhos. What is the gain of the stage at 10 ke?

4. The total shunt capacitance C, resonates with an inductance of 100 ph at 3 Me.
What is the value of C.?

6. An uncompensated amplifier has a 2,000-ohm plate load resistor and total
shunt capacitance of 40 uuf. At what frequency is the gain down 3 db at the high end?

8. The gain of an uncompensated amplifier is down 3 db at 3 Me, using a 3,000-
ohm plate load. How much is the total shunt capacitance C,?

7. What two factors determine the amount of dynamic input capacitance added
by the Miller effect?

8. It is desired to shunt peak an amplifier for flat response up to 3.5 Me. C, is
20 puf. A 6ACT is used with a g, of 9,000.  What is the required value for K and L,?
What is the gain of the stage?

9. Using series peaking for the amplifier of Question 8, what are the required
values for 2, and L. and what is the gain of the stage?

10. Using combination peaking for the amplifier of Question 8, what are the required
values for Ry, Le, and L, and what is the gain of the stage?

11. If the top correction frequency is 3.5 Me, at what frequency will the inductive
reactance of the peaking coil required for shunt peaking equal the capacitive reactance
of the total shunt capacitance?

12. Calculate the resonant frequencies in terms of F» at which the peaking coils
L. and L, used in combination peaking will resonate with the total shunt capacity C.
Do the same for the coil L. in series peaking.

18. What values should the low-frequency compensating filter R,C; have in order
to correct for the cathode impedance consisting of a 200-ohm cathode bias resistor and
100-xf bypass condenser? The gain of the stage is 15.

14. The grid resistor R, is 250,000 ohms and C. is 0.05 uf. At what frequency will
the low-frequency response be down 3 db because of the coupling eircuit?

16. Describe briefly how the method of square-wave analysis can be used to check
iow-frequeney phase distortion in the video amplifier.

16. Name two tubes suitable as video amplifiers, giving their advantages.

17. What are the advantages and disadvantages of the cathode-coupled stage?
Why is its gain always less than 1?

18. Using a 6AC7 tube with a g of 9,000 yumhos in a cathode-coupled stage, what
value of R is needed to provide an output impedance of 72 ohms?

19. Tn a resistance-coupled audio amplifier with a 500,000-ohm plate load resistor
and total shunt eapacitance of 30 upf, at what frequency is the gain down 3 db at the
high end?

20. Draw the schematic diagram of a video amplifier using series-shunt combination
peaking and low-frequency compensation.  Caleulate the values for Ry, Lo, and L.
for flat response up to 4 Me.  (yis 20 guf.  Also caleulate the values for the resistor
R, in parallel with . and R,C; compensating for the grid coupling cireuit.  Let Ity be
10,000 ohims and C, 0.05 uf.  Caleulate the gain, with a gm of 7,000 pmhos,



CHAPTER 13

BRIGHTNESS CONTROL AND D-C REINSERTION

The pedestal or blanking level of the composite video signal corresponds
to black. This black level is transmitted at a constant 75 per cent of the
peak carrier amplitude so that the pedestal level can be a definite bright-
ness reference, independent of the signal variations of light and shade that
form the actual picture. It is necessary that this be done so that there
can be a definite color reference in terms of voltage. In the receiver, the
black level corresponds to the grid cutoff voltage for the picture tube
because then there is no beam current and no illumination of the screen.
Therefore, if the receiver is to reproduce the image with the same bright-
ness values as the transmitted picture, the pedestal voltage of the com-
posite video signal must drive the kinescope grid voltage to cutoff. Thus,
black at the receiver corresponds to black at the transmitter, and the
brightness values of the reproduced picture are the same as the trans-
mitted picture because the variations in light and shade are from a com-
mon black level.

13-1. Brightness Control. The d-c bias on the kinescope grid deter-
mines the brightness of the reproduced picture because the bias sets the
operating point about which the a-c¢ video signal swings the instantaneous
grid voltage, as illustrated in Fig. 13-1. The average value of the a-¢
video signal is zero, making the average grid voltage equal to the bias volt-
age. Therefore, the average beam current or kinescope illumination is the
amount corresponding to the bias. While the a-c video signal contains
the detailed picture information in terms of the difference in brightnessof
each picture element from the average, the bias determines the back-
ground information for the picture in terms of the average brightness.

The average brightness of the reproduced picture is set by adjusting
the d-c bias voltage on the kinescope grid. This is the function of the
manual control usually called the brightness or background control. It is
generally located on the receiver’s front panel or the rear apron of the
chassis. In Fig. 13-2 the potentiometer R in both a and b is the manual
brightness control. The adjustable bias voltage may be in either the
control grid or cathode circuit but in both cases the bias voltage makes

257
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the kinescope control grid negative with respect to the cathode. Ina the
negative bias voltage is connected in series with the kinescope grid load
resistor. By varying the amount of negative voltage tapped off for the
kinescope bias, the control R varies the brightness. In b, a positive d-c
voltage is inserted in the cathode circuit of the kinescope as cathode bias.

5 c 8
i g 5 g 5 s
3 € ] { brighthess | = = ‘€
= = % ! level 5 % E::.
& o s/ = E| /v rteve
-40-30-20 —1'0 . -40-30 -20 -10 : -40 -30-20 -10 .

. : Grid willst Grid A Grid
|:{ Bias —=1,oitage E: Bias~ | oitage c <——Bias voltage
g;:a «—Video 3::_ ——Video _—g.: 5 [—Video

' a-ca 7 a-ca o 5
52 xis §i§ xis 23 a-c axis
a & &
(a) (b) (0

Fi1G. 13-1. The d-c bias on the kinescope grid determines the average brightness or
background of the reproduced picture. (a) Correct bias. (b) Too little negative
bias. (c¢) Too much negative bias.

Video )
signal

+100v
= R
Brightness control Brightness control
(a) (b)

Fi1a. 13-2. Manual brightness-control circuits. (a) In the control-grid eircuit of the
kinescope. (b) In the cathode circuit of the kinecsope.

Moving the variable arm of the control R toward the ground terminal
makes the cathode less positive with respect to the control grid, which
returns to ground, resulting in less negative grid bias on the kinescope and
increasing the brightness. The bypass condenser C prevents the bias
voltage from varying at the video signal frequencies and provides a signal
return path around the brightness control between the cathode and grid
load resistor of the kinescope.
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Figure 13-3 shows a picture with the brightness control set too high.
Because of insufficient negative bias, the black parts of the video signal
do not come close enough to cutoff voltage on the kinescope grid and
they appear too light. As a result, the picture is too bright and appears
thin, without good black values. When the bias is small enough to allow
the maximum white parts of the video signal to drive the kinescope grid
voltage positive, the picture becomes badly defocused, with blooming.
If the kinescope grid bias is too negative, some of the camera signal will be
more negative than the kinescope grid cutoff voltage. These dark parts
of the signal cannot be reproduced, and shadow detail in the picture is lost
as the dark-gray values are cut off. The correct bias, therefore, is the

F1a. 13-3. Brightness too high. Picture appears thin with retrace lines and blanking
bars visible. Retraces are not visible in receiver with internal vertical blanking
circuit. (Philco Corporation.)

amount that allows the pedestal voltage of the composite v1deo signal to
drive the kinescope grid voltage to cutoff.

If the pedestal level varies for frames having different brightness levels,
it will not be possible for the fixed voltage of the manual brightness control
to set the bias properly. Consequently, an additional automatic biasing
arrangement is necessary to shift the kinescope grid bias as needed so that
the pedestal voltage of the video signal always drives the picture tube
grid voltage to cutoff. This automatic brightness control is the function
of the d-c component of the video signal, which makes the pedestals of the
video signal line up at cutoff voltage in the kinescope grid circuit, for all
frames.

13-2, D-C Component of the Video Signal. The composite video sig-
nal, transmitted as an amplitude variation of the picture carrier, has all
the pedestals lined up at a fixed level because the signal includes the d-c




260 BASIC TELEVISION

component required to bring the blanking or pedestal level to a constant
75 per cent of the peak carrier amplitude. This alignment of all the
pedestals at the common black level is maintained through the r-f and
i-f amplifiers in the receiver because it is only the pieture carrier signal that
isamplified in these stages. There is no video voltage until the modulated
picture carrier is rectified in the video detector stage.  Once the video sig-
nal voltage is recovered in the video detector, the d-c component inserted
at the transmitter can be lost by any capacitive or transformer coupling,
since with such coupling the d-¢ component is blocked and only the a-c
variations are coupled to the next stage.

The output of the video detector contains the correct d-c component of
the video signal with the pedestals lined up. If this signal were coupled
directly to the kinescope grid, the manual brightness control could be
adjusted to give the proper bias with all the pedestals coming at cutoff,

+100 volts IB- ~100 voits
-

Fra. 13-4. Capacitive coupling. For simplicity, a sine-wave signal is illustrated
instead of the video signal. Grid bias is omitted.

and no d-c reinsertion would be necessary. However, the output volt-
age of the video detector is normally not enough to drive the kinescope
grid circuit and provide the desired contrast, so that one or more stages of
video amplification are used. Since capacitive coupling is often employed
in the video amplifier, this type of coupling will be examined in detail to
see how the d-c component of the video signal is lost, causing the pedestal
level to vary with the picture information.

13-3. Capacitive Coupling. The effect of capacitive coupling between
stages is to block the steady d-c component of any plate signal voltage and
allow only the variations to be developed as a-c¢ signal in the input circuit
of the next stage. How this is done is illustrated in Fig. 13-4, which shows
a resistance-coupled stage amplifying a sine-wave signal.  Referring to
the figure, there are three parallel branches having the same applied volt-
age ey, These are the internal plate-to-cathode cireuit of Vy, the plate
load resistor i, in series with the 13 supply, and the coupling circuit 12,(..
The plate-to-cathode voltage of V, is equal to the applied B voltage minus
the /R drop across the plate load B.. As the plate eurrent in V, varies
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with the applied signal, the varving 7/ drop across I, causes the plate-to-
cathode voltage to vary.  C,and R, are in series with each other, and this
series combination is connected between plate and cathode of V. Effec-
tively, then, V;is an a-c generator with its varying plate-to-cathode volt-
age ey impressed across ff;and C..  As this voltage increases and decreases,
C. charges and discharges through R,.

When e, increases above its average value, (. takes on an additional
charge from the B supply. The electron flow is from B—, up through ¢,
to the grid side of C., repelling electrons from the other plate of C.,
through R, and back to B+. This produces an FIR drop across R,,
between grid and cathode of V,, with the grid side positive. Therefore,
while the plate-to-cathode voltage of V, is increasing, a varying signal is
applied between grid and cathode of V, in a positive direction. Bias is
omitted from the illustration, but in a class A; amplifier, tube 2 will have
enough negative bias to keep the grid negative with respect to the cathode
during the positive half of the signal swing.

When the plate voltage of V, decreases, C. loses some charge because
the impressed voltage has decreased. The condenser neutralizes its
charge by transferring the excess electrons on one plate to the other. The
electron flow is from the grid side of . down through R;, through the
internal cathode-to-plate resistance of V,, back to the other plate of C,.
This results in an IR drop across R, with the grid side negative. There-
fore, while the plate-to-cathode voltage of V' is decreasing, a varying
signal in a negative direction is applied between grid and cathode of V..

The values of R, and (. are always made large enough in a coupling cir-
cuit so that C, cannot charge or discharge appreciably during the time the
applied voltage e is increasing or decreasing. This is done in order to
have any signal variations of the applied voltage developed across R,,
which is connected between grid and cathode of the next stage, rather than
across C.. As a result, the voltage across the coupling condenser C.
becomesequal to the average value of the applied voltage, since it cannot
follow the variations. With the condenser voltage equal to the average
value, any time that the applied voltage is at this value the coupling con-
denser neither charges nor discharges; there is no current through #,, and
the signal-voltage input to the next stage is zero. The zero level of volt-
age across K,, then, corresponds to the applied voltage’s average value,
which is the voltage developed across C.. This is blocked from the next
stage because (. is not connected between grid and cathode. Variations
from the average value in the applied voltage cause C. to charge or dis-
charge, developing signal voltage across R, of positive and negative
polarity. The result, therefore, of coupling the fluctuating d-c plate volt-
age signal by means of the I,C. circuit is to couple to the next stage an a-c
signal with variations of positive and negative polarity about a zero-volt-
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age axis. This zero axis corresponds to the average value of the d-c sig-
nal, which is developed across the coupling condenser and blocked from
the next stage.

13-4. Average Value of the Video Signal. The average value of any
signal is the arithmetical mean of all the values taken over a complete
cycle. For a fluctuating d-c signal the average value is some d-c level.
An a-c signal has as much positive variation as negative, and the sum of
all the positive and negative values is zero, making the average value zero
when taken over a complete cycle. For a symmetrical sine wave the zero
axis of the a-c signal is exaetly in the center, as shown in Fig. 13-3a. Tor
an unsymmetrical signal wave shape such as the video signal the average-
value level must still be the zero axis of the a-c signal, since if the average
value were not zero there would be more signal of one polarity than the

Pedestal level

A
Sac Average Average = oo - -Average
form of signal = %_-_ e Averag
0 0 Pedestal 0
height
a-c J-H i
L )
form of signal 0 ~— g u |_| 5
(a) (%) (¢)
Sine wave Video signal= Video signal=
mostly white mostly black

Fia. 13-5. Average value of a fluctuating signal.

other and there would be a d-¢c component. However, in the unsymmetri-
cal video signal the zero axis is not in the center. The a-c axis must be a
line that divides the signal so that there is just as much positive signal as
negative and will be the line that makes the area above it equal to the area
below. If the two areas are equal it means that, taken over a complete
cycle, there will be equal amounts of positive and negative signal, even
though there may be a greater instantaneous voltage in one dircction.
Figure 13-5 illustrates the average value for a symmetrical sine wave
and the unsymmetrical video signal corresponding to two horizontal lines.
In b is shown the video signal resulting from one horizontal line in scan-
ning a white frame with a vertical black line down the center. If a white
line against a black frame is scanned, the video signal for one horizontal
line appears as in ¢. In any case, the average-value axis divides the sig-
nal into equal areas above and below the axis and is zero. In this respect
the average value is the same for all video signals, regardless of picture
content. However, for video signals containing different picture infor-
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mation the average-value axis is at different distances from the pedestal or
blanking level, which is the color-reference voltage corresponding to black.

Putting the video signals on a common axis, the pedestals are out of line,
as illustrated in Fig. 13-6. In the grid circuit of the picture tube, the zero
axis of the a-c video signal corresponds to the kinescope d-c bias voltage,
and the a-c signal variations swing the instantaneous grid voltage above
and below the bias voltage. If the pedestals correspond to different
voltage variations from the axis, it will be
impossible for one setting of the manual

brightness control to provide the correct bias - Kinescope
voltage that allows the different pedestal 3% Humination
voltages to drive the kinescope grid voltage to  3l'e

cutoff.  When the video signal corresponds g:g

to a relatively bright scene the bias shown in ' Grid 0] voltage

Fig. 13-6 is correct. The pedestals drive the ©_|
kinescope grid voltage to cutoff, making the —
pedestal level correspond to black. As a
result, the camera signal variations produce |:|'.
the correct color values in screen illumination,

and blanking is normal. With a dark scene, |
the average camera signal is closer to the ped- +—Bias—>
estal level. Then the fixed bias shown in Fig. Fie. 13-6. Pedestals out of
13-6 is wrong because the pedestal voltage }:)": t(l): tt}"\(‘o l‘lll"':i“:f}o "f(r]l:,l(;
is not at cutoff. If the blanking or pedestal signal in b and ¢ of Fig. 13-5.
level is not reproduced as black, the color A single value of bias cannot
values will be incorrect and retrace lines may 12 TGS ey D Gt
be visible in the picture. It should be noted that the video signals shown
are not to be considered as the signals for two consecutive horizontal lines,
but rather as typical lines from two different frames that do not have
the same brightness.

The distance between the pedestal level and the zero axis of the a-c
video signal or average-value axis of the d-c signal is the pedestal height.
This is a convenient measure of the extent to which the pedestals are out
of line because it measures the voltage swing of the pedestal from the
zero axis in the a-c signal. In order to line up the pedestals for proper
kinescope blanking and the correct brightness, it is necessary to reinsert a
d-c¢ component that is proportional to the pedestal height.  If this d-¢
voltage is reinserted to line up the pedestals and no capacitive coupling is
used after the d-c reinsertion, then the signal will appear on the kinescope
grid with all the pedestals at a common level. The manual brightness
control can then be adjusted to set the kinescope bias so that the pedestal
voltage can provide proper blanking and the correct brightness level for all
frames.
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13-5. D-C Insertion. The basic principle of d-¢ insertion is illustrated
by the circuit in Fig. 13-7. The output voltage across R is the sum of the
a-c generator output and the battery voltage because they are in series
across K. With a battery voltage of 5 volts and a-c generator voltage
of +5 volts, the effect of the battery voltage is to insert 5 d-¢ volts and
shift the entire a-c signal to the new axis of +5 volts. The variations of
the a-c signal are still the same, but now they take place about a +5-volt
axis instead of the original zero axis. This is positive restoration because
the inserted d-c is positive with respect to the chassis ground. If the
polarity of the battery is reversed, a negative 5 d-c¢ volts will be inserted
in series with the a-c input signal to provide negative restoration. The
entire a-c signal will then be shifted below the zero axis, with the same
variations taking place about the new axis of —5 volts.

+5 volts |+ T
0 = 5 volts Restored
- output across R
- 410 volts
RS +5volts
+5 volts . of
L5 volts

-5 volts 0 \/

Fia. 13-7. Illustrating positive d-c insertion.

A battery cannot insert the d-c component required to line up the pedes-
tals in the video signal because varying amounts of reinsertion are needed
for video signals corresponding to picture frames that have different
brightness levels. Instead, the d-c reinsertion at the transmitter or
receiver is accomplished by a rectifier cireuit called a d-c restorer or clamp-
ing circuit. Since the amount of d-¢ reinsertion must vary with the
pedestal height of the video signal, the video voltage itself is rectified and
used to provide the required d-¢ component. This type of circuit is able
to insert a d-c component that is proportional to the pedestal height, thus
lining up all the pedestals at a common voltage level. With the pedestals
lined up, the manual brightness control can be adjusted for a value of bias
on the kinescope grid that allows the pedestal voltage to drive the grid to
cutoff. Then, if the d-¢ restorer keeps all the pedestals in line at a con-
stant voltage level, they will all come at cutoff bias on the kinescope grid.

13-6. Manual and Automatic Brightness-control Circuits. To obtain
the correct brightness in the reproduced picture, the d-¢ component of the
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video signal must be present at the kinescope grid, and the manual bright-
ness control set properly.  The correet d-¢ component is obtained either
by employing a d-¢ video amplifier for direet coupling of the video signal
from the detector output, or by using a d-c

restorer. The effect of the d-e¢ restorer in ]
inserting the correet d-¢ component for the g
required kinescope bias is illustrated in Fig. =
13-8. The manual brightness control is g
adjusted so that the kinescope bias voltage is | g
at cutoff with zero a-c video signal. Then, & 590 10 0 ’Erid
with a-¢ video signal input to provide the  -so-40 _Jvoltage
desired contrast, the d-c restorer automatically <=—Manual bias
provides the amount of positive d-¢ voltage A

on the kinescope grid required to back off the - D
kinescope bias from cutoff to the point that E‘

allows the negative pedestals to drive the ==
instantaneous kinescope grid voltage to cutoff d-cvoltage
during blanking time. A light scene has more
a-¢ signal swing than a dark scene, and a
larger pedestal height, resulting in a larger
positive reinserted d-c voltage from the Reinserted

restorer that moves the kinescope bias farther 9 votage .

. . Firg. 13-8. Video signals on
from cutoff to reproduce a brighter picture. ¢ kinescope grid with the

Diode Restorer Circuit. Figure 13-9 shows pedestals in line at cutoff
a diode restorer directly in the kinescope grid Pecause of the d-c reinser-

o o . tion. Manual brightness
circuit. Here only the video output voltage .onirol set at cutoff.

across I?;, is applied to the d-e restorer circuit

consisting of Iy, R,, i, and the inverted diode, which is one section of
the 6AL5 twin diode. The video signal voltage for the restorer is taken
across It,, so that the capacitances in the restorer circuit will not be in
shunt with the video output tube’s plate-to-cathode circuit. The
470,000-ohm resistor R; couples the d-c¢ restorer output directly to the
kinescope grid and isolates the diode’s shunt capacitance from the video
amplifier. Additional isolation is provided by R, which is only 10,000
ohms because it is in series with C, and limits the current that flows
when the diode conducts.

With the positive picture phase required for the kinescope grid, the
negative synchronizing pulses of the composite video signal make the
diode cathode negative with respect to its grounded plate. Driving the
cathode negative causes diode current to flow, producing a voltage across
(', that is proportional to the amount of negative voltage swing. Elec-
trons can flow from cathode to plate in the diode to chassis ground,
through the video output tube from cathode to plate, and through R, to

Light scene

|
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deposit electrons on the plate side of Cy, which loses electrons from the
diode side, back to the diode cathode. Therefore, the diode side of €,
becomes more positive when the diode conduects. Although negative
with respect to B+, this side of (' is made less negative compared with
B+ and more positive with respect to chassis ground by conduction in
the inverted diode. The I-megohm resistor K, in shunt with the diode is
large enough to prevent any appreciable current in this path while the
tube is not conducting, between syne pulse voltage peaks. Therefore, the
low resistance of the inverted diode when it conducts allows C, to dis-
charge more rapidly through the tube than it ean charge through B,. As
a result, the d-¢ voltage on the diode side of €, becomes more positive by
an amount proportional to the pedestal height of the composite video

470k
d-c restorer
6ALS

+ 300 voits +90 volts 50k

Fic. 13-9. Manual and automatic brightness-control circuit using a positive diode
restorer in the kinescope grid circuit.

signal, which is equivalent to reinserting the required positive d-¢ com-
ponent. The positive d-¢ voltage thus reinserted is directly coupled to
the kinescope grid by R, so that this d-c component can reduce the fixed
negative bias set by the manual brightness control to back off the bias by
the amount necessary to line up the pedestals at cutoff. C. is the cou-
pling condenser for the a-c¢ video signal for the kinescope grid.

D-C Restorer Time Constant.* 'The function of the d-¢ reinsertion is to
allow reproduction of changes in background level for different frames.
Signal variations from line to line have a frequency higher than 30 ¢ps and
are part of the a-c¢ video signal. Changes in brightness level that may
take place between frames, such as a change in scene or a change of light-
ing in the televised scene, produce signal variations with a frequency lower
than 30 eps that are reproduced by means of the d-c restorer action. As
an illustration of the point that the automatic brightness control func-
tions only for changes of background level in different frames, no d-c

1 The RC time constant in seconds is equal to the product of K in ohms and C in
farads. Further details of time constants are explained in Sec. 16-4,
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restoration is necessary when the televised scene is one with a constant
average brightnesslevel, asis the case when the test pattern is transmitted.

Since the reinserted d-c voltage should vary from frame to frame when
the average brightness changes, but not from line to line, the time con-
stant of the d-c restorer is very long compared with the horizontal-line
period but not with respect to the frame time. The time-constant value
of the restorer circuit includes the eoupling condenser for the diode recti-
fier and the diode shunt resistor through which the condenser charges or
discharges when the diode is not conducting. For the case of grid-leak
bias reinsertion, the grid coupling circuit R,C. determines the discharge
time constant for the grid-cathode cireuit, which operates essentially the
same as a diode rectifier. A suitable value for the d-c¢ restorer time con-
stant is 0.03 to 0.1 sec, generally with a resistance of about 1 megohm and
a coupling condenser of 0.03 to 0.1 gf.  With this time constant, which
is very long compared with the horizontal-line period of 63.5 wsec, the
amount of reinserted d-¢ voltage across the diode coupling condenser is
approximately 90 per cent of the peak amplitude of the syne pulses in the
a-c composite video signal.

D-C Component in Direct-coupled Video Amplifiers. In a video ampli-
fier having d-¢ coupling from the video detector output to the kinescope
grid-cathode circuit, the d-¢ component is amplified with the a-¢ video
signal and the pedestals are in line at the kinescope grid. The average
value of the d-¢ video signal is a voltage of negative polarity at the kine-
scope grid, since the pedestal voltage must drive the grid negative from
zero. The d-¢ component, therefore, makes the d-¢ grid voltage on the
kinescope more negative than the manual bias. Furthermore, the
video signal for a dark scene has a larger negative d-c component than
a white scene. The characteristics of brightness control with the d-c
component of the video signal can be compared to a d-c restorer system
as follows:

Negative D-C Component Positive D-C Restorer

1. Manual brightness-control bias on Manual brightness-control bias on kine-
kinescope grid near zero without video scope grid at cutoff without video signal
signal

2. Therefore, raster is visible without Therefore, raster is not visible without
video signal at normal brightness set- video signal, unless brightness setting is
ting increased

3. D-C component has negative polarity Restorer reinserts positive d-c¢ voltage at
at kinescope grid kinescope grid

4. With a light scene, the kinescope bias  With a light scene, kinescope bias moves
shifts slightly more negative than the far in the positive direction, away from
manual bias the manual bias at eutoff

5. With a dark scene, the kinescope bias With a dark scene the kinescope bias
shifts far negative near cutoff shifts slightly in the positive direction,

near the manual bias at cutoff
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Kinescope Grid-leak Bias. In addition to the use of a diode restorer or
a d-c coupled video amplifier, the required d-c component can be obtained
by grid-leak bias in the kinescope grid-cathode circuit. If the video
signal input drives the kinescope grid slightly positive, grid current flows
to charge the coupling condenser. With the grid-cathode circuit operat-
ing effectively as a diode rectifier the resultant grid-leak bias provides the
d-c voltage for restoration. The polarity of this reinserted d-c voltage is
negative at the kinescope grid, with the white signal amplitudes clamped
at zero grid voltage.

13-7. D-C Restorer Troubles. When the scene changes from light to
dark, the background of the reproduced picture is not dark enough and
retrace lines may show without the correct d-¢ component in the video
signal for the kinescope grid. If the brightness control is reduced to
climinate the retrace lines the background will be too dark for light
scenes. These troubles in obtaining the correct background level occur
when the receiver has capacitive coupling in the video amplifier but no
d-c restorer, or if the d-c restorer is not operating. When the receiver
has internal vertical blanking the vertical retrace lines are not visible
but the background level is still wrong without the correct d-¢
component.

Operation of the restorer circuit can be checked by measuring the d-c
voltage between the kinescope grid and cathode, while turning the channel
selector on and off a station. With video signal input to the restorer when
a station is being received, the kinescope bias voltage changes about 20 to
30 volts.

Effect of Noise Voltages on the D-C Restorer. The d-c restorer must
respond quickly to peak voltages in the direction of the sync pulses when
the diode rectifier conduets, but the circuit recovers slowly as the coupling
condenser charges or discharges through the high resistance in shunt with
the diode. As a result, the restorer can change the reinserted d-c voltage
more quickly in the direction of increasing brightness than for decreasing
brightness. Noise peaks in the video signal, therefore, can raise the
level of the reinserted d-c voltage, increasing the brightness. The effect
of noise pulses on the reinserted d-c voltage is aggravated by too high a
resistance in shunt with the diode.

No Control of Brightness. When the kinescope screen has illamination
but its intensity cannot be varied with the manual brightness control,
the trouble is in the d-¢ bias circuit of the kinescope.  Measure the bias
with a d-¢ voltmeter to see if it varies with rotation of the brightness
control. To check for an internal short in the kinescope grid-cathode
circuit, measure the bias at the kinescope with the kinescope socket on
and with it off. :
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REVIEW QUESTIONS

1. Why is the pedestal level voltage transmitted at a constant percentage of the
picture carrier amplitude?

2. If the pedestal voltage drives the kinescope grid voltage to cutoff, what will be
the effect of the synchronizing pulses on the kinescope grid voltage?

3. What kinescope voltage is varied by the manual brightness control? Describe
how to adjust the brightness control by watching the picture.

4. If the manual brightness control is set for too much negative bias, what will
be the effect on the picture? What is the effect when the control is set for too little
hias?

6. A video detector is directly coupled to the video output amplifier, which is
capacitively coupled to the kinescope grid. Is d-c reinsertion required? Why?

6. One video amplifier of two stages has two capacitive couplings, while another
amplifier has only one capacitive coupling. Is there any difference in the amount of
d-c reinsertion required for the amplifiers? Explain.

7. Is d-c reinsertion necessary in a receiver using direct-coupled video amplifiers?
Why?

8. Referring to the diagram in Fig. 13-, give the function of Ry, R,, R., Ci, and
C..

9. In a receiver having a d-c restorer, with the manual brightness control at its
normal setting, why is the raster normally not visible without any video signal on
the kinescope grid?

10. Describe briefly how to check whether the d-¢ restorer is operating.




CHAPTER 14

VIDEO DETECTOR

The video detector is the second detector for the picture signal, follow-
ing the last i-f stage in the superheterodyne television receiver. The
AM picture signal is rectified and filtered in the video detector stage to
provide an output signal that corresponds to the modulation envelope of
the input, as illustrated in the diode detector circuit of Fig. 14-1. This
envelope is the original composite video signal containing all the informa-
tion required for reproduction of the picture.

Diode
\ rectifier
L3

[ s ~ 1
o —d i &
o 3

= = >

o! Time —>

Modulated picture-signal input Composite video-signal
from last i-f stage output

Fic. 14-1. Function of the video detector. The modulated picture signal is rectified
and filtered to provide the composite video signal in the output.

14-1. Detection. The video detector action is the same as in any
detector for an AM signal. The diode conducts plate current only when
the a-c input voltage makes the plate positive with respect to its cathode,
resulting in a voltage drop across the load resistor R, in Fig. 14-1. The
output voltage is of the polarity shown because the diode conducts from
cathode to plate only when the plate is positive, producing the d-c voltage
across I2,, that is the rectified input signal. With more a-c signal input,
the d-c output voltage across the load resistance is greater, but of the same
polarity. When the a-c input signal voltage decreases, the rectified out-
put voltage also decreases.

It is necessary to rectify the modulated input signal because the ampli-
tude variations that correspond to the desired intelligence have an average

270
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value of zero, resulting from the symmetrical envelope. After rectifica-
tion, the amplitude variations of the modulated signal can be obtained.
With adequate filtering of the intermediate frequencies so that the output
voltage cannot follow the rapid variations in the individual cyeles of the
i-f input signal, but only the relatively slow variations in amplitude cor-
responding to the envelope, the output voltage across /2. corresponds to
the modulation envelope of the input. It does not matter which polarity
of the a-¢ input signal is used for the video detector, since both sides of the
modulation envelope are the same even though vestigial-side-band trans-
mission is used. The video detector, then, is basically the same as any
ordinary AM detector. However, the questions of polarity, uniform fre-
quency response, and adequate filtering make the problem of video detec-
tion more difficult.

14-2. Detector Polarity. Two polarities are possible for the output
voltage of a diode detector, depending on whether the load resistor is in the

Rectified
R, output

(a) . (b)

Fra. 14-2. Reetifier polarity.  (a) The diode load resistance in the cathode eirenit
provides output voltage of positive polarity. (b) The diode load resistance in the
plate circuit provides negative output voltage.

cathode or plate circuit. The polarity is not important in an audio
system, because the phase of the a-c audio signal for a loudspeaker does
not matter in the sound reproduction. For the picture reproduction,
though, phase reversal of the video signal driving the kinescope grid pro-
duces a negative picture.

The question of polarity in a rectifier is sometimes confused because of
the lack of a reference point. In Fig. 14-2 equivalent diagrams are shown
for a rectifier with negative voltage output and one having positive out-
put, both with reference to the chassis ground. The input signal voltage
of the a-c generator reverses in polarity for each half cycle, driving the
diode plate alternately positive and negative. Current flows through the
load resistor K. only when the generator makes the plate positive with
respect to cathode. For this polarity of applied voltage, the voltage
across the diode and the load resistor must be as shown in Fig. 14-2a. The
plate is positive with respect to cathode, while the cathode side of the load
resistor is more positive than the end connected to the negative side of
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the generator and chassis ground.  OQutput voltage taken from the cath-
ode is positive with respect to the chassis, although still negative with
respect: to the diode plate.  For the negative half cycle of the a-¢ input
signal, the diode is effectively an open circuit and there is no voltage drop
across the diode load resistor. This circuit arrangement, therefore, can
be used to obtain from the diode cathode a rectified output voltage that is
positive with respect to the chassis and varies in magnitude with the
amount of a-c signal input during the positive half cycle.

With the diode inverted as in Fig. 14-2b, current flows through the load
resistor only when the generator voltage makes the diode cathode nega-
tive with respect to its plate. When diode current flows, the voltages
across the diode and the load resistor I, must be as shown, with the plate
positive with respect to its cathode, and the plate side of the load resistor
negative with respeet to the end connected to the positive side of the gen-
erator and chassis ground. This circuit, then, can be used to obtain from
the diode plate a rectified output voltage that is negative with respect to
the chassis.

The polarity of the video detector output signal voltage can now be
examined, keeping in mind the fact that negative transmission is used for
the picture signal. This means that the tips of the synchronizing pulses
correspond to the positive and negative peaks of the modulated picture
carrier and represent the greatest amplitude of the a-c input signal voltage
to the video detector. Maximum white corresponds to the smallest
amplitudes in the i-f input signal.

In the video detector circuit shown in Fig. 14-3a the diode load resist-
ance is in the cathode eircuit and the polarity of the output voltage is
positive with respect to the chassis ground. Since the synchronizing
pulses supply maximum signal input, the rectified output voltage has its
maximum positive values for the peaks of the synchronizing pulses. As
shown in the figure, the output voltage varies in magnitude with the
amount of input signal to provide the desired composite video signal.
The video signal output has negative picture phase, since the maximum
white camera signal is represented by the least positive or most negative
voltage, and positive syne phase because the synchronizing pulses are the
most positive part of the video signal. Using capacitive coupling, the
signal voltage coupled to the next stage is in its a-c form with the syn-
chronizing pulse voltage producing the maximum positive swing and the
maximum white camera signal equal to the maximum negative swing,.

In Fig. 14-3b, the output of the video detector with the load resistance
in the plate circuit has positive picture phase and negative sync phase.
The detector’s output voltage is most negative for the synchronizing
pulses, which correspond to maximum i-f signal input. With capacitive
coupling to the next stage, the a-c form of the video signal has the syn-
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chronizing pulses as the maximum negative swing and the white eamera
signal voltage as the most positive swing.

The video detector circuit generally used is the one with the load resist-
ance in the plate circuit. Its output of negative sync phase is the prefera-
ble polarity for the signal input to the video amplifier stage following the
detector, because noise pulse voltages greater than the sync pulses can
be cut off. With the load resistor in the plate, this detector circuit has
less output capacitance because the cathode-to-heater capacitance is not
across the output load resistance. Also, this circuit arrangement is less

St ,n.‘
% v Video output voltage

.

(a)

Video output voltage

- -~

(b)
F1a. 14-3. Video detector polarity. (@) Diode load resistance in the cathode circuit.
(b) Diode load resistance in the plate circuit.

susceptible to hum introduced in the detector by heater-cathode leakage,
since the cathode is grounded and has no load impedance for the 60-cps
hum voltage. The positive picture phase output is the polarity required
for the kinescope grid signal. With two video amplifier stages following
this detector, the video output is coupled to the kinescope grid; with one
video amplifier stage the video output is coupled to the kinescope eathode.

14-3. Video Detector Load Resistance. The frequency response of the
video detector is just as important as the relative gain of the video ampli-
fiers for the wide range of video frequencies.  Although not an amplifier,
the video detector must have uniform output up to the highest video fre-
quency in order to provide for the amplifiers a video signal that contains
the original picture information without frequency distortion.
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The problem of high-frequency response in the video detector is the
same as in the video amplifier. Because of the tube and stray capaci-
tances shunting the detector load resistance, the video detector output
tends to decrease for the higher video frequencies, since the plate resist-
ance of the tube and the load resistance act as a voltage divider for the
signal. The decreasing reactance of the shunt capacitance reduces the
plate load impedance for the higher video frequencies, providing less out-
put voltage at these frequencies. In order to minimize the effect of the
shunt capacitance and provide uniform output voltage up to 4 Me, the
load resistance of the video detector is usually about 1,000 ochms, which is
low compared with the 0.25 to 2.0 megohms commonly used in an audio
detector. Using so low a value of load resistance in the video detector, in
order to obtain uniform high-frequency response, ean reduce the amount
of output signal because of the voltage-divider action between the load
resistance and the plate resistance of the tube. The 6AL5 twin diode is

To first
>— + 000 ~+—> video
,_;L\ *' amplifier
R, Coul: ] G
- e
(a) (b)

Fia. 14-4. Filter coupling circuits for the video detector output. (a) =-type filter
coupling equivalent to series peaking. (b) Combination peaking circuit.

commonly used for the video detector because of its low plate resistance
of about 300 ohms for each diode section, compared with about 4,000 ohms
for the 6HG.

14-4, Video Detector Filter. In addition to rectifying the modulated
carrier signal, the detector must provide adequate filtering of the inter-
mediate frequencies. The filtering corresponds to the function of the
usual r-f bypass condenser across the diode detector load resistance, which
cannot discharge at the r-f rate but can follow only the relatively slow
variations corresponding to the envelope. However, the simple bypass
condenser cannot provide adequate filtering for the video detector
because of the high video frequencies. With an intermediate frequency
of 26 Mc for the picture carrier, the ratio of intermediate frequency to the
highest video frequency of 4 Mec is only 6.5. A simple bypass condenser
does not provide sufficient discrimination between the intermediate fre-
quency and the high video frequencies. A condenser large enough to
bypass the intermediate frequencies adequately would have a reactance
too low for the high video frequencies; and a condenser small enough to
have an appreciable reactance for the high video frequencies would not
bypass the intermediate frequencies effectively.
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It is usual to employ filter coupling in the video detector output in order
to allow adequate bypassing of the intermediate frequencies without
reducing the coupling impedance for the wide band of video frequencies.
This is often a w-type low-pass filter, as shown in Fig. 14-4a, providing
much more pronounced band-pass characteristics than a single bypass
condenser. The filter coupling is the same as series peaking for high-
frequency compensation of the video amplifier, and the design can be car-
ried out in terms of the input and output capacitances by using the same
procedure described in Chap. 12 for series peaking. Thus, the filter cou-
pling has the dual functions of filtering out the intermediate frequencies
and compensating the video detector for uniform high-frequency response.

In many cases, the filter coupling includes an additional peaking coil in
series with the load resistance, as shown in Fig. 14-4b, compensating the
high-frequency response of the video detector in the same way as com-
bination peaking for the video amplifier.

14-5. Video Detector Circuvits. The picture signal from the last i-f
stage has a peak amplitude of about five volts or more allowing use of the

F1c. 14-5. Oscillogram of composite video
signal. Oscilloscope internal sweep at
15,750/2 cps to show video signal for two
horizontal scanning lines. Horizontal syn-
chronizing pulses at bottom of waveform.

diode detector circuit. One section of the GALS twin diode is commonly
the half-wave rectifier for the video detector, or a crystal diode can be
used. As illustrated by the typical circuits in Fig. 14-6, the video detec-
tor circuit usually has the diode load resistor in the plate circuit, to pro-
duce video output of positive picture phase with the synchronizing pulses
the most negative part of the composite video signal. The video detector
can be directly coupled to the video amplifier, or a coupling condenser can
be used to block the d-c level of the detector’s output signal. Figure 14-5
shows an oscillogram of the composite video signal output of the detector.

Referring to the video detector circuit in Fig. 14-6a, the modulated pic-
ture signal output of the last i-f stage is coupled to the cathode of the
video detector, which uses one-half the 6AL5 twin dicde for the half-wave
rectifier. The secondary of the i-f transformer T tunes with the stray
capacitance to provide at the detector cathode the i-f signal input voltage
with respect to ground. The diode load resistor is R, in the plate circuit.
Uniform response for the high video frequencies up to 4 Mc is obtained by
using the relatively low value of 3,900 ohms for the diode load resistance,
with the peaking coils L, and L,, which resonate with the stray capaci-
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tances in the detector’s output circuit. This low-pass filter circuit also
filters out the intermediate frequencies from the detector output. The
22,000-ohm resistor K, in parallel with L, is a damping resistor for this
peaking coil. The coupling condenser (') couples the a-¢ variations of the
video signal output from the detector to the control grid of the first video
amplifier.  With the diode load resistance in the plate circuit, the detected
video signal has positive picture phase and negative syne polarity. Two

Video
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L4 6ALS L, (o5}

( Video signal
0.05uf output
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Fia. 14-6. Typieal video detectors. (@) Cireuit using one diode section of 6ALS tube,
(h) Circuit using erystal diode.

video amplifier stages follow the detector in this eireuit and the video out-
put is coupled to the kinescope control grid.

The video detector circuit in Fig. 14-6b uses a 1 NG4 germanium crystal-
diode rectifier. The modulated picture i-f signal is coupled to the cathode
of the crystal detector, with the 3,900-ohm diode load resistor R; in the
anode circuit. The peaking coils L, and L, resonate with the stray
capacitances in the detector’s output circuit to form a low-pass filter cir-
cuit that provides uniform response for the high video frequencies up to
4 Me, and bypasses the intermediate frequencies. The composite video
signal of positive picture phase and negative sync polarity from the
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detector is directly coupled to the video output amplifier in this circuit.
With only one video amplifier stage, the video detector output is often
direetly coupled to the control grid of the video output tube and its plate
circuit is directly coupled to the kinescope cathode.  This circuit arrange-
ment provides direct coupling of the video signal from the detector output
circuit to the kinescope input circuit, and no d-¢ restorer is necessary.
The advantages of using a crystal diode for the video detector are its
low shunt eapacitance, compactness, and the fact that it does not have

any heater current. Because of its
small size, the crystal diode can be | |
mounted in the shield can of the For picture tube
last i-f transformer. However, the . |
crystal diode has the disadvantage ;/i'gdne; >
of a relatively low back-resist- m
ance compared with a vacuum For synchromzing crcuns
tube. w
14-6. Functions of the Composite

i —
Video Signal. The composite  Forpicture a-g-c

video signal output of the video
deteetor contains all the informa-
tion needed for reproducing the picture. Consequently, the video
detector output is used in the various receiver circuits that require the
information contained in the composite video signal. .\As illustrated in
Fig. 14-7, the three functions of the composite video signal in the receiver
cireuits are:

1. The camera signal variations of the composite video contain the pic-
ture information corresponding to the basic elements of light and shade in
the original scene. Therefore, the video signal is needed at the control
grid-cathode circuit of the picture tube in order to vary the intensity of
the elecetron scanning heam and reproduce the picture information. The
complete composite video signal with the blanking and syne pulses is
coupled to the kinescope, not just the camera signal.  The pedestal level
provides the brightness reference and the blanking pulses blank out
retrace lines.

2. The synchronizing pulses of the composite video signal provide the
timing information neceded to synchronize the deflection eircuits in the
receiver.  Therefore, the composite video sighal must be coupled to a
syne separator circuit.  This is a elipper stage that separates the syn-
chronizing pulses from the rest of the composite video signal.  The sepa-
rated synchronizing pulses can then be used by the deflection eireuits for
controlling the frequency of the receiver’s scanning generators.

3. The level of the pedestals or any part of the synehronizing pulses in
the composite video signal output of the video detector indicates the

Fia. 14-7, Three functions of the com-
posite video signal.
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strength of the r-f picture carrier signal. Therefore, it can be used for
automatic gain control in the receiver.

These functions of the composite video signal require that it be coupled
to several different circuits in the receiver. However, one circuit can
function independently of the others. For instance, clipping the syn-
chronizing pulses in the sync separator stage does not interfere with nor-
mal operation of the video amplifier, which still provides the complete
composite video signal for the picture tube.

14-7. Video Detector Troubles. Since the video detector is part of
the signal circuits for the picture, a trouble in the detector affects the
picture, while the raster is normal. The output circuit of the video
detector is the input circuit of the video amplifier and can produce the
same picture troubles. When the sound take-off circuit is after the
detector, trouble in this stage can also affect the sound.

Video
detector .
WVldeo
output
Fra, 14-8. Measuring the reetified output

Diode across the detector load resistor with a d-¢
I-F load D-c voltmeter.
input res;g;or, voltmeter

4k

Checking Detector Output.  Asillustrated in Fig. 14-8, the voltage across
the diode load resistor of the detector can be measured with a d-¢ volt-
meter to see if the detector is producing rectified signal voltage in the
output. The video output signal of the rectifier is a varying d-¢ voltage
of fixed polarity because the rectifier conducts in only one direction. No
B+ voltage is applied to the detector for plate voltage. The i-f signal
operates the detector by supplying the a-c input voltage that drives the
diode plate positive to produce rectified plate current. The d-c output
voltage, therefore, is rectified signal. With i-f signal input, the d-¢ out-
put voltage of the detector is about 2 to 5 volts.  When the receiver is
switched off channel to remove the signal input, the detected output
should drop to a much lower value. The small output voltage without
signal is rectified receiver noise.

Defective Crystal Rectifiers. A crystal rectifier can be checked by meas-
uring its front and back resistances with an ohmmeter. The forward
resistance should be 50 to 200 ohms, approximately, and the back resist-
ance 50,000 to 200,000 ohms. When replacing a crystal diode, it is
important to note the correct polarity.

Hum in the Detector. Without any B+ voltage applied, hum intro-
duced in the detector would be 60-cps hum produced by heater-cathode
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leakage. A crystal-diode detector eannot introduce hum because there

is no heater current.
REVIEW QUESTIONS

1. What is the funection of the video detector stage?

2. What are two requirements for obtaining rectified output signal from a detector?

8. Explain briefly why a detector must rectify the modulated carrier signal.

4. Why is the load resistance in a video detector stage much lower than the load
resistance in a detector stage for audio signal?

6. Draw the diagram of a video detector circuit that provides output signal having
negative sync polarity. Show the composite video signal output of the detector,
indicating polarity.

6. Give one advantage of a video detector that has the load resistanee in the plate
circuit, compared with the load resistance in the cathode,

7. Give three functions of the composite video signal output of the video detector.

8. Referring to Fig. 14-6a, state briefly the function of R,, R,, and C,.

9. Explain briefly why the output of the video detector can be checked with a d-¢
voltmeter. Referring to Fig. 14-6, where would the d-c voltmeter be connected in the
detector circuits in a and b?




CHAPTER 15

AUTOMATIC GAIN CONTROL

The automatic gain control eircuit controls the amount of amplification
of the signal in the receiver by automatically adjusting the gain of the
i-f and r-f amplifiers aceording to the strength of the carrier signal
received.  The advantage of automatic gain control is that it provides
relatively constant output signal from the second detector with wide
variations of signal input to the receiver. In a receiver for sound signal
the automatic gain control (a-g-¢) is commonly called automatic volume
control (a-v-¢). The television reeciver usually has an a-g-c circuit for
the stages amplifying the picture signal but generally there is no separate
automatic gain control for the FM sound circuits.

15-1. Requirements of the A-G-C Circuit. The main requirement for
the automatic gain control is a negative d-¢ voltage proportional to the
carrier signal strength, to control the bias on the i-f and r-f amplifiers.
In order to obtain the d-¢ voltage indicating carrier strength, the signal
itself is rectified and filtered to supply the control bias.  As illustrated in
Fig. 15-1, this d-¢ bias voltage is applied in series with the a-¢ signal input
to the control grid of the i-f and r-f amplifier stages controlled by auto-
matic gain control. With more negative bias added to the grid of the
amplifier, the gain of the stage is reduced. The gain is reduced by the
a-g-c¢ circuit more for strong signals than for weak signals.

A-G-C Rectifier. The a-g-c rectifier stage rectifies the signal to produce
the negative d-c control voltage. In Fig. 15-1, the rectified output volt-
age is negative with respect to chassis ground because the diode load
resistor [, is in the plate circuit of the a-g-c rectifier.  This is the required
polarity, since the negative bias is applied to the control grid of each con-
trolled stage, with the a-g-¢ line serving as a high-resistance d-c return
path for the grid. Any increase in carrier signal strength produces more
rectified output voltage and more negative bias, which reduces the gain of
the controlled stages. With less signal input to the receiver, the a-g-c
circuit develops less negative bias voltage, allowing more gain than for
strong signals.

280
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A-G-C Filter. The d-c output of the a-g-c rectifier must be filtered to
eliminate the signal variations in the rectified voltage. In Fig. 15-1, the
a-g-c filter consists of R, and ;. This RC time constant is long enough,
compared with the lowest signal frequency, to provide a steady d-c¢ volt-
age that does not fluctuate with the signal variations. Typical values for
the RC time constant of the a-g-¢ filter are about 14 sec to a few tenths
of a second, in an a-g-c¢ circuit for the picture signal. The filtered d-¢
voltage across (' is the a-g-¢ voltage applied to the grids of the controlled
stages.

A-G-C Line. The cireuit connecting the a-g-c bias voltage to the grids
of the controlled stages is generally called the a-g-¢ line or a-g-¢ bus. In

R-F I-F A-G-
amplifier amplifier recgﬁgr

_..,.
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\
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Fig. 15-1. A simple a-g-¢ circuit.

Fig. 15-1 the a-g-c voltage across €, connects to the grids of the i-f and r-f
controlled stages through the grid coils in a series feed arrangement.
Instead, the a-g-c voltage can be connected in parallel with the grid tuned
circuit in a shunt feed circuit. In either case a blocking condenser is
needed to avoid shorting the d-c¢ bias voltage on the a-g-¢ line to the
chassis ground through the low-resistance r-f or i-f coil. In Fig. 15-1, ("
blocks the d-¢ voltage on the a-g-¢ line from ground and provides a low-
impedance path for a-c signal to couple the coil and condenser in the r-f
tuning circuit. 3 provides a low-impedance return path to the cathode
for the i-f grid signal. R, and R; arc decoupling resistors, isolating the
grid circuit of each controlled stage from €y, so that there will be no
mutual coupling between stages through the a-g-¢ filter condenser as
a common impedance.

The A-G-C Bias. The a-g-¢ bias voltage can vary from practically zero
to about 10 volts, depending upon the signal strength and the a-g-¢ cir-
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cuit. Generally, the controlled stages also have some cathode bias, which
provides a minimum bias of 1 to 3 volts when there is little or no signal
input.

As the a-g-¢ voltage makes the bias on the controlled stages more nega-
tive toward cutoff, the grid has less control on the plate current hecause
fewer electrons pass through to the plate. The grid-to-plate transcon-
ductance (gm) and the amplification factor (mu) of the tube decrease when
the a-g-c¢ bias voltage becomes more

20 negative, therefore, reducing the
gain of the amplifiers controlled by
16 the a-g-c line,
Sharp cutoff Stages where the bias voltage can
Té be varied over a wide range often
112 bt use remote-cutoff tubes. These are
g also called variable-mu or super-
18 2 conirol tubes. Asillustrated by the
2 grid-plate transfer characteristic
curves in Fig. 15-2, the remote-
Remote cuto"\ v 4 cutoff curve has a more gradual
_- change in plate current for different
=T —-—1;—’-’10 = 5 erid grid voltages and a more negative
voltage  grid-cutoff voltage. As a result,

Fia. 15-2. Comparison of the grid-plate
transfer characteristic curves of the
6CB6 sharp cutoff pentode and the
6BA6 remote cutoff pentode.

remote-cutoff tubes can operate
with a wider range of grid-bias
values and can have more grid-

voltage signal swing without intro-
ducing excessive amplitude distortion in the plate circuit. Remote-
cutoff tubes have less transconductance than the equivalent sharp-cutoff
tubes, however, resulting in less gain. When the signal level is low and
the a-g-c bias does not vary over a wide range, sharp-cutoff tubes can be
used in the controlled stages.

Delayed Automatic Gain Control. The disadvantage of the simple a-g-¢
circuit in Fig. 15-1 is that it reduces the gain for very weak signals, when
maximum sensitivity in the receiver is desired. Automatic gain control
reduces the gain for all signals. The uniform output is obtained by cut-
ting down the gain for strong signals more than for weak signals. There-
fore, it is preferable to bias the a-g-c¢ rectifier so that no diode current
flows and no a-g-¢ voltage is developed for signals too weak to make the
rectifier conduct. In this way, there is no a-g-¢ voltage to reduce the
gain until the signal has enough amplitude to overcome the rectifier bias,
The bias on the a-g-c rectifier is a delay bias, therefore, and the circuit is
called delayed automatic gain control. This requires a separate a-g-c rec-
tifier because it is not desired to bias the detector, which should be allowed
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to operate for the weakest signals. The bias for the a-g-c rectifier comes
from a source other than the signal itself, since the bias must be present
with no signal input.

15-2. Advantages of Automatic Gain Control for the Picture Signal.
Automatic gain control maintains a relatively constant signal level of
video signal from the video deteetor for wide variations of signal input to
the receiver.  The signal strength will be different when tuning from one
station to another. Slow changes in the plate and filament supply volt-
ages, due to power-line variations, may change the gain of the amplifiers.
In addition, the picture signal can vary in strength because of moving
conductors in or near the receiver antenna system, especially airplanes
flying nearby. The picture automatic gain control minimizes the effects
of these changes in signal strength on the reproduced picture.

Automatic Contrast Control. The main advantage of automatic control
of the gain of the picture i-f stages is the relatively constant contrast in
the reproduced picture for a given setting of the manual contrast control.
For this reason, picture automatic gain control may be called automatic
contrast control.  With the manual control set for the desired contrast, the
picture a-g-¢ circuit maintains this contrast level by providing constant
video signal amplitude from the detector. Although the strength of the
received signal is usually different when switching from one station to
another, the picture a-g-c cireuit can automatically keep the video signal
at the same level so that the manual contrast control need not be read-
justed. A typical a-g-c circuit can maintain the video signal amplitude
within a range of 2 to 1 while the picture signal input at the antenna ter-
minals varies over a range of 100 to 1.

In a receiver with picture automatic gain control, the manual contrast
control is in the video amplifier with the function of setting the contrast
over a relatively narrow range, while the picture automatic gain control
controls the gain of the i-f and r-f amplifiers automatically to adjust for
the wide range of input signal levels.  Adjusting the manual contrast con-
trol for the desired contrast in the picture is easier, therefore, with picture
automatic gain control. Picture distortion and loss of synchronization,
caused by overloading a picture i-f stage when the previous stages operate
at full gain with a strong input signal, are minimized by the picture a-g-c
circuit.  Also, separation of the synchronizing pulses is simplified when
the composite video signal has constant amplitude.

Airplane Flutter. 'This is the rise and fall in picture intensity caused
by reflections of the picture signal from airplanes flying nearby. In addi-
tion to the variations in intensity, the signal reflections from the moving
airplane produce a changing ghost in the picture. If the airplane is
transmitting a radio signal it may produce diagonal bars in the picture
just like typical r-f interference. Also, the sound may be garbled and




284 BASIC TELEVISION

pulsate in volume. The effects of fading in the signal caused by airplane
flutter can be reduced by the picture a-g-¢ circuit.

15-3. Picture A-G-C Circuits. 'The a-g-c circuit must provide an a-g-c
hias voltage that indicates the strength of the picture carrier signal, inde-
pendent of the picture information.  In a sound system, the filtered d-¢
voltage from the deteetor is proportional to the average amplitude of the
carrier, which is suitable for the a-g-c¢ bias voltage because it indicates
carrier strength.  For the picture signal, though, the average value of the
carrier varies with the picture information and is not a measure of the
strength of the carrier signal.

In the negative transmission system, the blanking pulses bring the
carrier amplitude up to the constant 75 per cent pedestal level, and the
tips of the synchronizing pulses produce the peak carrier amplitude. As
a result, the synchronizing pulses have constant amplitude for any level of
picture carrier signal, regardless of the picture information. Therefore,
the peak carrier amplitude produced by the tips of the synchronizing
pulse voltage indicates carrier-signal strength.

The a-g-¢ rectifier for the picture a-g-c circuit produces d-c¢ output pro-
portional to the peak amplitude of the signal input, in order to provide
an a-g-¢ bias voltage that indicates carrier strength. Self-bias with a
filter circuit having a time constant much longer than the time between
horizontal synchronizing pulses makes the circuit a peak rectifier.  Either
the modulated picture signal or the composite video signal can be rectified
to provide the a-g-¢ bias voltage. When the video signal is used, how-
ever, it must have d-¢ coupling to the a-g-c rectifier in order to preserve
the d-¢ component and keep the pedestals in line so that the peak of sync
indicates carrier strength correctly.

The stages controlled by the picture a-g-c circuit are generally the r-f
amplifier and two i-f stages. Usually, the last if stage has fixed bias
without automatic gain control. Automatic gain control is applied to
carlier stages in the receiver beeause the effectiveness of the a-g-¢ bias
is proportional to the amount of gain from the grid of the controlled stage
to the a-g-c¢ rectifier.

Figure 15-3 shows a simple a-g-¢ circuit for the picture signal. The
i-f transformer 7303 supplies the i-f picture signal from the third i-f stage
to the video detector and a-g-c rectifier in the 6AL5 twin diode. Cjop
couples the signal to the a-g-c diode plate. The i-f signal makes current
flow in the a-g-c rectifier, producing negative d-c¢ output across the load
resistor in the plate circuit, which is K314 because it returns to the cathode
through chassis ground. Css and R31; form the a-g-c filter, with a time
constant of approximately 0.1 sec. Since Cjo6 cannot discharge apprecia-
bly during the time between sync pulse peaks, the voltage across the con-
denser is approximately equal to the peak carrier amplitude, which is a
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measure of carrier-signal strength. The negative d-e¢ voltage across
(306 is the a-g-¢ coutrol bias connected to the a-g-c¢ line. This a-g-¢ bias
is connected to the control grid of the first two i-f stages and the r-f
amplifier. (324 is a bypass condenser for the a-g-¢ side of the grid coil
of the second i-f amplifier. R302("301a is a decoupling filter for the grid of
the first i-f amplifier, and R304C315 is a decoupling filter for the grid of the
r-f amplifier.

Amplified Automatic Gain Control. By amplifying the a-g-¢ control
voltage, an amplified a-g-c circuit develops more a-g-c¢ bias than is avail-
able from the i-f carrier signal at the second detector.  The advantage of
amplified automatic gain control is that the constant videosignal amplitude
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Fig. 15-3. A picture a-g-¢ circuit.

can be maintained over a wider range of carrier-signal levels. Amplifica-
tion of the control voltage can take place before or after the a-g-c rectifier.
An a-g-c amplifier for the rectified a-g-c¢ voltage, however, must be a d-c
amplifier.

Bias Clamp. In some television receivers the picture a-g-c cireuit uses
a diode to clamp the bias voltage for the r-f amplifier at zero just for low
signal levels. This bias-clamp arrangement is illustrated in Fig. 15-4.
The diode connects to the d-c supply voltage through 2, to make the plate
several volts positive—say 5 volts.  Also applied to the diode plate is the
negative a-g-c bias voltage developed by the signal.  As long as the signal
level is so low that less than 5 volts of negative a-g-c¢ bias voltage is devel-
oped, the diode plate is positive and it conducts.  Therefore, the bias line
to the grid of the r-f amplifier is effectively grounded through the low
resistance of the conducting diode. When the a-g-¢ bias is more than
—5 volts, however, the diode plate is negative and it cannot conduet.
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Then the r-f bias equals the difference between the negative a-g-¢ voltage
and the small positive voltage from the d-c supply, so that the r-f ampli-
fier has enough bias to prevent cross modulation on strong signals. Asa
result, the r-f bias is clamped at zero for maximum gain for weak signals
and delayed until the negative a-g-¢ bias voltage is large enough with a
strong signal to stop the diode from conducting and provide the required
negative bias. The decoupling resistor R, isolates the i-f bias line from
the bias-clamp cireuit, allowing the normal a-g-¢ bias for the i-f amplifier.
Note that the clamp circuit always keeps the r-f bias below the i-f bias
for a better signal-to-noise ratio in the r-f amplifier.

Keyed Automatic Gain Control. A keyed, or gated, a-g-¢ circuit is
pulsed into operation to produce rectified a-g-¢ voltage only during the
time of the keying pulses.  The a-g-¢ filter provides a steady d-¢ bias
voltage, however, for the a-g-c line. The advantage of keyed automatie

I-F amplifier
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R-F amplifier
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Bias-clamp
R, diode
500k
B+
250v

Fia. 15-4. A bias-clamp circuit.

gain control is that it permits a fast-acting a-g-c circuit which is relatively
immune to noise.

15-4. Keyed A-G-C Circuit. The main problem in a picture a-g-c cir-
cuit is producing a bias control voltage that measures the peak carrier
level in order to indicate the correct carrier strength, without making the
a-g-c filter time constant too long. With a slow a-g-c circuit, having an
RC time constant of about 0.3 sec or more, the a-g-¢ bias may not be able
to come down to normal quickly enough after noise pulses have tempo-
rarily increased the peak carrier amplitude. The excessive a-g-¢ bias
reduces the video signal level and there may be loss of synchronization.
In addition, the slow a-g-¢ circuit cannot control the receiver gain rapidly
enough to compensate for the fading signal caused by airplanes flying
nearby, resulting in airplane flutter. To eliminate these difficulties a
fast a-g-c circuit, with a time constant of about 0.03 sec or less, is needed.
However, if the R(' time constant allows the a-g-c voltage to change too
quickly, the peak signal amplitude cannot be measured to indicate the
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carrier strength correctly. One particular trouble is the fact that a fast
a-g-c circuit can interpret the vertical synchronizing pulses as an increase
in carrier level because of their greater pulse width. Asa result, the a-g-¢
voltage rises slightly during this time, resulting in 60-cps syne voltage on
the a-g-¢ line.  Also, the increased bias during the vertical synchronizing
pulse reduces the receiver gain and puts the vertical pulses in a hole with
respect to the amplitude of the other pulses.

A solution to the problem of a fast noise-immune picture a-g-c circuit is
a system for automatically keying the a-g-¢ rectifier or amplifier on and
off. In this circuit, the a-g-¢ tube is driven into conduction by keying or
gating pulses at the horizontal scanning frequency. The keying pulses
are taken from the horizontal output circuit in the deflection eircuits of
the receiver, in order to pulse the a-g-¢ tube and allow current to flow
only during the horizontal synchronizing pulse time.  As a result, the
output of the a-g-¢ tube is comparatively free from noise because the
a-g-¢ circuit does not operate hetween keying pulses.  In addition, fast

—Pulses from
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output circun Fia. 15-5. Keying pulses occurring during

horizontal syne pulse time for keyed

Horizontal —g-g
Sy a-g-¢ tube,

a-g-¢ action can be obtained without any error from the vertical syn-
chronizing pulses beeause their inereased width is not measured by the
keyed a-g-c tube.

The pulses in the horizontal output eircuit occur at the horizontal
line-scanning frequency, which is the same as the frequency of the hori-
zontal synchronizing pulses.  With normal phasing of the horizontal scan-
ning, the voltage peak produced in the horizontal output eircuit during
flvback occurs during blanking and coineides with the time of the hori-
zontal synchronizing pulses on the composite video signal. This is
illustrated in Fig. 15-5. Then the a-g-¢ tube is keyed into comluction
during the horizontal synchronizing pulse time and produces the desired
a-g-¢ voltage.  If the horizontal scanning is not in synchronization, how-
ever, there will be no output from the keyed a-g-¢ rectifier because it is on
at the wrong time.  The polarity of the horizontal flyback pulse coupled
to the a-g-¢ cireuit is positive at the plate of the a-g-¢ tube, to make it
conduct. This type of a-g-c circuit where the a-g-¢ rectifier is keyed on to
conduct only during the horizontal synchronizing pulses is gencrally
called keyed automatic gain control or gated automatic gain control. In
circuits that have separate a-g-c reetifier and a-g-c amplifier tubes, the
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amplifier can be pulsed on and off, while the rectifier produces the d-c
control voltage independent of the keying pulses.

A typical keyed a-g-c circuit is shown in Fig. 15-6.  The 6AUG pentode
Vo7 serves as both an a-g-c rectifier and amplifier. Composite video sig-
nal, with the d-¢ component, is directly coupled from the video output
circuit to the control grid of the a-g-¢ tube. At the same time, pulses
from the horizontal output circuit drive the plate of the 6AUG6 positive
during the horizontal sync pulse time. With no video signal input, the
a-g-¢ tube is biased to cutoff by the negative grid-bias voltage between
the control grid and cathode.  When composite video signal is coupled to
the grid of the 6AUG the positive syne can make the a-g-¢ tube conduct,
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Fia. 15-6. Keyed a-g-c circuit.  Voltages indicated are positive d-e volts.  A-g-¢ voltage
at plate is zero with no signal input.  (Admiral Series 23 chassis.)

as the plate voltage is pulsed positive during this time. The grid bias on
the a-g-¢ tube is negative enough to allow only the synchronizing pulses
to produce plate current. Therefore, the rectified output in the plate
cireuit of the a-g-¢ tube is proportional to the peak amplitude of the com-
posite video signal with its correct d-¢ component, which indicates the
picture carrier-signal strength.

The plate circuit of the 6AUG must produce negative voltage for the
a-g-¢ bias line.  Without any negative supply voltage available for the
a-g-¢ tube, the negative voltage in the plate cireuit is produced by charg-
ing ('356, with the plate side negative, when plate current flows during the
keying pulses, and allowing it to discharge through Rjz; and Rjs; while
the a-g-¢ tube is not conducting between horizontal syne pulses. Rz iso-
lates the a-g-¢ line from the horizontal output circuit supplyving the keving
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pulses. With Cs56 and Cj17, R 335 forms the a-g-c filter. The a-g-¢ voltage
on the bias line controls the gain of the first and second i-f ampliticrs and
the r-f stage. The 2304C3024 combination is a decoupling filter for the
grid of the second i-f amplifier, while the /25023, filter decouples the grid
of the first i-f amplifier from the a-g-¢ line.

15-5. A-G-C Level Adjustment. The bias supplied by the a~g-¢ cir-
cuit can be made adjustable to provide the amount of gain control required
for different signal strengths in different locations.  In strong signal areas,
more a-g-c bias is needed to prevent excessive signal from overdriving an
amplifier stage, which results in a reversed, dark picture, out of sync. In
weak signal areas, less a-g-c bias, or no automatic gain control, is desirable
to allow more gain in the i-f and r-f stages. Figure 15-7 illustrates three
circuit arrangements for adjusting the a-g-¢ level of the receiver. In a,
only part of the filtered a-g-¢ voltage is coupled to the a-g-¢ bias line, as

A-G-C Keyed
amplifier

Filtered
A-G-C voltage

A-G-C stage

from A-G-C
rectifier

To bias line
A-G-C control

(@) (b)
Fig. 15-7. Circuit arrangements for a-g-¢ level control.  (a) Adjusting the bias
voltage. () Adjusting the input voltage to the a-g-c amplifier. (¢) Adjusting the
screen-grid voltage of the keyed a-g-c¢ tube.

determined by the setting of the potentiometer R,. The a-g-c level con-
trol in b varies the amount of a-g-¢ voltage applied to the a-g-c amplifier
from the a-g-c rectifier. In ¢, the screen-grid voltage of the keyed a-g-c
stage is adjusted by Rs, which varies the plate current and the amount of
a-g-c bias voltage available in the plate circuit.

The a-g-c¢ control is usually mounted on the rear apron of the chassis
as a setup adjustment. It may be a variable control or switch marked for
local, suburban, and fringe areas. Normally, the a-g-c level can be set
by adjusting the control for less a-g-¢ bias until the top of the picture
begins to bend; then back off the a-g-¢ control enough to remove the bend.
This should be done for the strongest station, with the manual contrast
control at maximum. Otherwise the picture may bend on other stations,
or when the contrast control is turned up. The a-g-¢ control can be set
more exactly, if desired, by connecting an oscilloscope to the videsa detec-
tor output cireuit to view the composite video signal waveform. Adjust
the a-g-c level until the tips of the sync pulses start to compress, then
back off the control just enough to remove the compression. When the
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signal is not strong enough to produce bend in the picture, the control can
be adjusted by reducing the a-g-¢ bias to the point where the snow in the
picture becomes more obvious and then back off the control a little. In
weak signal areas, it is generally necessary to reduce the a-g-¢ bias to
minimum, or short the a-g-¢ bias completely, for maximum gain in the
receiver.

15-6. Troubles in the A-G-C Circuit. A-G-C troubles affect the con-
trast or intensity of the picture, while the raster is normal, because the
stages controlled by the a-g-¢ circuit amplify the picture signal. Too

TaBLe 15-1. A-G-C TrouBLES

Trouble Effect Cause
Zero a-g-¢ bias. .. .| Overloaded pic- | Short in a-g-¢ bias line, or no conduction in a-g-¢
ture and buzz | amplifier, or no conduction in a-g-c~ rectifier
in sound
Excessive negative | No picturc and | Fxcessive conduction in a-g-e amplifier; can be
a-g-¢ bias no sound caused by no conduction in vidco amplifier
direetly coupled to a-g-¢ tube

much a-g-c¢ bias reduces the receiver gain, causing a weak picture, or no
picture on a blank raster if the bias is negative enough to cut off the pic-
ture signal amplifiers. When a stage cut off by excessive biasis common
to the picture and sound signals, this results in both no picture and no
sound. Insufficient a-g-c bias allows excessive gain, which may result in
excessive contrast that cannot be reduced with the contrast control, or an
overloaded picture that has reversed black-and-white values and is out of
sync. Figure 15-8 shows an overloaded picture. Also, insufficient a-g-¢
bias can increase the volume, with 60-¢ps sync buzz in the sound caused
by cross modulation of the picture and sound signals in an overloaded
amplifier stage common to the picture and sound. These a-g-¢ troubles
are summarized in Table 15-1, for an intercarrier-sound receiver.
When the a-g-c¢ circuit is directly coupled to the video amplifier, as in
the keyed a-g-c arrangement in Fig. 15-6, the absence of plate current in
the video amplifier results in excessive negative a-g-c bias voltage.
Figure 15-9 illustrates how the a-g-c tube depends upon conduction in
the video amplifier for the correct operating voltages, because of the
direct coupling. When the video amplifier conducts its normal plate
current of 5 ma, as an example, the plate voltage shown is 125 volts; this
is 25 volts less than the plate-supply voltage of 150 volts because of the
IR drop across the 5,000-ohm plate load resistor B.. The video ampli-
fier’s plate voltage is the control-grid voltage for the a-g-c¢ tube, as the
direct coupling is used to obtain video signal with the correct d-c com-
ponent. There is no IR voltage drop across the decoupling resistor ;.
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To provide correct bias for the a-g-c tube, its cathode returns to 4130
volts, making the control grid 5 volts negative with respect to cathode.
The 5-volt negative bias on the control grid is assumed to allow the
amount of plate current that produces —2 volts across the a-g-c tube’s
plate load resistor R,. Iowever, if no plate current flows in the video

Fi16. 15-8. Overloaded picture. Black and white are reversed, and picture is out of
sync. (RCA Institutes, Inc.)
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+150v,
0 ma
> . ;
oC Ry 25y
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+130v

Fia. 15-9. Tustrating how the control-grid voltage of the a-g-¢ tube depends upon
plate current i the video amplifier. Voltages above line are normal; voltages below
line are with zero plate current in video amplifier.

amplifier, its plate voltage rises to the 150-volt value of the plate-supply
voltage, as there is no voltage drop across R,. Then the control-grid
voltage of the a-g-¢ tube becomes 25 volts more positive, from +125 to
+ 150 volts, producing more conduction.  As a result, the increased plate
current produces a larger negative bias voltage across the a-g-¢ plate
load resistor, resulting in the excessive negative a-g-c bias voltage of —40
volts. Conversely, if the grid-cathode voltage on the a-g-c tube is too




292 BASIC TELEVISION

negative and cuts off the plate current, it does not conduct and the a-g-c
bias voltage in the plate circuit becomes zero.

Localizing lo the A-G-C Circuit. Since the symptoms produced by a-g-c
troubles are similar to troubles in the signal amplifiers, it is helpful to
localize the trouble to the a-g-c circuit. Taking an example of no picture
and no sound, the trouble can be localized to the picture a-g-c circuit by
reducing the a-g-c bias to zero. This can be done by shorting the a-g-c
line directly to chassis ground. If the sound is heard and an overloaded
picture results with zero bias, but there is no picture and no sound when
the a-g-¢ bias is on the amplifiers, the trouble must be excessive bias pro-
duced by the a-g-c circuit. This trouble can occur in amplified a-g-c cir-
cuits. With only an a-g-¢ rectifier operating on the i-f signal, though, it
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Fia. 15-10. Bias box connected to a-g-c line.

cannot produce enough a-g-c bias to cut off the stages amplifying the sig-
nal because without any signal input there will be no a-g-c bias.

A more general method of localizing troubles in the a-g-c circuit requires
the use of a battery bias box. Asshown in Fig. 15-10, the biasbox provides
an adjustable negative voltage that can be connected to the a-g-c line to
take the place of the a-g-c bias. Connect the negative output lead of the
bias box directly to the a-g-c line and the positive lead to chassis ground.
If the picture and sound are normal when the bias box supplies the ampli-
fier bias, but not when the a-g-c bias is functioning, the trouole must be in
the a-g-c¢ circuit.

REVIEW QUESTIONS

1. Explain briefly how an a-g-c cireuit operates, giving the function of the a-g-c
reetifier, the a-g-¢ filter, and the a-g-¢ line.

2. How does more negative bias for the grid of an amplifier affect the gain of the
stage?

3. What is the effect of an inereased carrier level on the amount of a-g-¢ hias and
the amplification in the receiver?

4. Give two advantages of automatic gain control for the picture signal amplifiers.
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6. What is the important difference between an a-g-¢ circuit for the picture signal
and the a-g-¢ circuit for an AM sound signal?
6. What is the advantage of using the signal from the video amplifier to produce
the a-g-c voltage, compared with the picture signal at the second detector?
7. Why is it necessary that the composite video signal for the a-g-c circuit have the
correct d-c component?
8. Give one advantage and one disadvantage of a slow a~-g-¢ circuit compared with
a fast a-g-c circuit.
9. Explain how it is possible to have 60-cps syne voltage on the a-g~¢ line. Give
two possible trouble symptoms that can resuit.
10. Describe briefly what a keyed a-g-c circuit is. What advantage does it have
compared with picture a-g-c circuits that are not keyed?
11. Describe the construction of a bias box and how it is connected to the receiver
to substitute for the a-g-c bias.
12. When the a~g-c bias line is shorted to ground, what is the effect on the amount
of bias and the gain of the controlled stages? .
18. Referring to the a-g-c circuit in Fig. 15-3, give the function of R314, Rarsy Csos,
Rjoz, and Csora.
14. Referring to the a-g-c circuit in Fig. 15-6, give the function of Cate, Ry with
Riar, Caze with Cap, Raos, and Cioza. )
16. Where would a d-¢ voltmeter be connected to measure the a-g-¢ bias produced
in the circuit in Fig. 15-3? In Fig. 15-6?
18. Describe briefly how to adjust the a-g-c level control, for the typical case of
average signal strength on all stations.




CHAPTER 16

SYNC SEPARATION

The synchronizing pulses are included in the composite video signal
transmitted to the receiver in order to time the scanning with respect to
the camera signal variations, so that the picture information reproduced
on the kinescope screen can be in the correct position on the raster. At
the broadcast station, the synchronizing signal generator produces pulses
to time the scanning in the camera tube; the same generator supplies the
synchronizing pulses that are added to the video signal transmitted for
the receiver. These synchronizing pulses, generally called sync, are
separated by the sync circuits in the receiver and coupled to the deflection
circuits in order to control the timing of the scanning for the picture tube.
As a result, the picture information reproduced on the screen of the picture
tube is in the same relative position as on the image plate of the camera
tube, since the scanning for both tubes is synchronized by one common
source—the sync generator at the broadcast station. The amount of
time for the transmitted signal to travel to the receiver has no effect on
synchronization because the synchronizing pulses must be present at the
same time as the camera signal variations in the composite video signal at
the receiver.

The sync separation circuits in the receiver provide vertical synchroniz-
ing signals to time the vertical scanning frequency so that every field is
timed correctly, and horizontal synchronizing signals to time the scanning
lines. The sync is able to time the vertical and horizontal scanning by
controlling the frequency of the vertical and horizontal deflection oscilla-
tors. It is important to remember that the deflection circuits in the
receiver can produce vertical and horizontal scanning to form the raster
with or without syne, but the position where the picture information is
reproduced on the raster depends upon the vertical and horizontal
synchronization.

16-1. Vertical Synchronization of the Picture. The vertical syn-
chronizing signals at the rate of 60 per second for each scanning field pro-
vide vertical synchronization. When every field is produced at the cor-
rect time, the frames are superimposed on each other to provide a steady

294
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picture locked in frame on the kinescope screen. If the vertical scanning
is not locked in at the 60-cps vertical synchronizing frequency, successive
frames cannot overlap but instead will be continuously displaced either
above or below the first frame. Without vertical synchronization, there-
fore, the picture on the kinescope screen appears to roll up or down.

®

Fig. 16-1. Vertical scanning not synchronized, resulting in no vertical hold. (@)
Picture slowly slips frames vertically. (b) Picture rolls fast vertically.

The faster the picture rolls the farther the vertical scanning frequency is
from 60 cps. If the vertical scanning frequency is just slightly off the
60-cps synchronizing rate the picture will be recognizable, as shown in
Fig. 16-1a, but it slips out of frame slowly and continuously. In b the
picture is rolling fast. The wide black bar across the picture in Fig. 16-1a
is produced by vertical blanking, which now ocenrs during vertical trace
time because the scanning is out of sync. In some receivers white retrace
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lines appear while the picture is rolling. These are horizontal scanning
lines produced during the vertical flyback. They are visible because
vertical retrace is not occurring during vertical blanking time, without
synchronization. When the picture is in vertical sync, though, it stays
still, locked in frame vertically, with the black vertical blanking at the
top and bottom edges, and the retrace lines are blanked out.

16-2. Horizontal Synchronization of the Picture. The horizontal syn-
chronizing signals at the rate of 15,750 per second for each scanning line
provide horizontal synchronization. When every scanning line is pro-
duced at the correct time, the line structure of the reproduced picture
holds together to provide a complete image that stays still horizontally.
If the horizontal scanning is just slightly off the 15,750-cps synchronizing

Fi1a. 16-2. Horizontal scanning not synchronized, resulting in no horizontal hold.

frequency rate, the line structure is complete but the picture slips hori-
zontally, as the picture information on the lines is displaced horizontally
in successive frames. The faster the picture slides horizontally the
farther the scanning frequency is from 15,750 cps. When the horizontal
scanning frequency departs from the 15,750-cps synchronizing frequency
by 60 cycles or more, the picture tears apart into diagonal segments, as
shown in Fig. 16-2. The black diagonal bars represent parts of hori-
zontal blanking, which is normally at the sides of the picture. The more
bars, the farther the horizontal oscillator is from the horizontal syne
frequency of 15,750 cps.

16-3. Separating the Sync. In order to obtain the synchronizing sig-
nals needed for timing the scanning correctly the syne pulses must be
separated from the composite video signal.  Figure 16-3 shows oscillo-
grams of the composite video signal input to a syne separator stage and
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the separated sync output. This amplitude separation of ihe synchroniz-
ing pulses from the composite video signal can be accomplished by any
one of several arrangements of a clipper stage. All are fundamentally
the same in that the tube is biased beyond cufoff by an amount great
enough to allow plate-current flow and output signal only for the most
positive swing of the input signal. Since the synchronizing pulses have
the greatest amplitude in the composite video signal, the output of the
clipper stage can be made to correspond only to the synchronizing pulses
of the input.

Grid-leak Bias Sync Separator. Figure 16-1 illustrates the operation of
a typical sync separator circuit using grid-leak bias. The grid input
voltage is composite video signal of positive syne polarity, so that the
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Fic. 16-3. Oscillograms of the composite video signal and separated syne. Only
horizontal sync is evident with the oscilloscope internal sweep frequency at 15,750/4
eps, but vertieal syne and equalizing pulses are also in the signal. (a) Video signal
with positive syne polarity. (b) Separated syne with negative polarity. (RCA.)
synchronizing pulses can drive the instantancous grid voltage positive to
produce grid current. Since the negative grid-leak bias voltage produced
by grid current automatically adjusts itself to the value that allows just
the peaks of the input signal to drive the grid voltage slightly positive,
the tips of the synchronizing pulses are clamped at approximately zero
grid voltage, exactly like a grid-leak bias d-c restorer circuit. With the
synchronizing pulses in line at a constant voltage level in the grid circuit,
it is now necessary only to reduce the grid cutoff voltage of the amplifier
to a value corresponding to the pedestal voltage on the grid, or less. By
reducing the plate voltage applied to the amplifier, and the screen voltage
for a pentode, the amount of negative grid voltage necessary to cut off
the flow of plate current is reduced to the value required. Then plate
current flows only during the time corresponding to the synchronizing
pulses of the composite video signal input, producing separated sync
output.
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In Fig. 16-4, the amount of grid-leak bias shown is —4 volts, approxi-
mately equal to the peak positive swing of the input voltage. Since the
grid cutoff voltage is —2 volts, the input signal must drive the instantane-
ous grid voltage at least 2 volts more positive than the negative bias to
produce plate current. Only the synchronizing pulses in the input signal
are positive enough to drive the instantaneous grid voltage to a value less
negative than cutoff, allowing plate current to flow. Therefore, the
camersa signal variations of the input are missing from the output because
they do not produce plate current, and the output signal voltage contains
only the synchronizing pulses. It should be noted that the composite
video signal input can be clipped at any amplitude from the pedestal level
to the tip of sync and still provide the desired separated sync output

Plate
current
y/
Grid
voltage Cutoff\
-8v -6v —4v -2v 0 ' c

Sync-pulse

oTt

| Composite
video-signal

T — input

H _L Low plate

Bias = = = voltage

g

Fia. 16-4. Operation of sync separator using a grid-leak bias clipper amplifier, A
pentode can be used instecad of the triode.

because plate current would flow only during sync pulse time. Also,
more negative values of grid cutoff voltage can be used, as long as the
input signal has enough amplitude to allow just the syne pulse voltage to
drive past cutoff and produce plate current.

Types of Clipper Stages. Several arrangements of a clipper stage to
separate the sync are illustrated in Fig. 16-5. In all cases, the tube has
self-bias produced by the input signal, so that the synchronizing pulses
can be lined up for a constant clipping level, in order to provide syne out-
put free of interference from the camera signal. The input for the sync
separator can be modulated picture carrier signal from the i-f amplifier,
or composite video signal from either the video detector or video ampli-
fier, since they all contain the desired synchronizing pulse voltage.
Usually, though, the input to the sync separator is the amplified com-
posite video signal from the video amplifier because this arrangement has
the advantage of using the video amplification in the receiver for the syne
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voltage. A diode can be used for the sync separator but a triode or
pentode is more common because it amplifies the clipped sync. The
polarity of the composite video signal input to the sync separator must
allow the synchronizing pulses to drive the grid voltage in the positive

(a) (b)

Reinserted d-c voltage
for kinescope grid

Sync output
to sync
amplifier

(d)

Fi6. 16-5. Sync separator circuits.  All use self-bias to allow plate-current flow only
for the synchronizing pulses. Pentodes can be used in place of the triodes. (a)
Grid-leak bias separator with negative sync output across plate load resistor. (b)
Grid-leak bias separator with positive syne output across cathode load resistor. (¢)
Diode separator with modulated i-f signal input. (d) Inverted diode operating as
combined d-¢ restorer and syne separator.

direction, or the cathode negative, to produce plate current. If the
opposite polarity is used, the maximum white camera signal will be ¢lipped
instead of the sync.

Referring to Fig. 16-5a, this shows a triode clipper with grid-leak bias,
produced by the composite video signal input of positive sync polarity.
Note that the separated sync in the plate cireuit is amplified and inverted,
- since the stage is a resistance-coupled amplifier for the sync pulses. The
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circuit in b is also a grid-leak bias clipper but the separated sync voltage
output is taken across the cathode resistor R,. This cathode voltage is
the separated sync because cathode current flows only for the sync pulses.
The sync output voltage from the cathode, however, has the same polarity
as the sync input at the grid. The diode clipper circuit in ¢ uses cathode
bias to permit plate-current flow only for the peak voltage swing of the
modulated picture signal input, which is produced by the synchronizing
pulses. There is no sync pulse voltage across K because it is bypassed by
C, to provide a steady bias, but the diode current flowing during sync
pulse time produces separated sync voltage across R;.

A circuit that combines the functions of the sync separator and a posi-
tive d-c restorer is illustrated by the inverted diode in Fig. 16-3d. The
composite video signal input produces self-bias for the diode by means of
the RC coupling circuit, as in grid-leak bias. The sync¢ input voltage
drives the cathode negative, producing diode current. The diode is
inverted in order to provide reinserted d-c voltage of positive polarity.
As a result, the pulses of diode current flowing through the load resistor
R produce separated syne voltage output, while the d-c voltage across C
can be directly coupled to the kinescope grid for d-c restoration. It
should be noted that the grid-cathode circuit of a triode clipper can also
be used as an inverted diode by coupling the composite video signal to the
cathode instead of the grid. When this is done, the plate circuit can
produce separated sync output, while the positive d-c¢ voltage reinserted
in the cathode is directly coupled to the kinescope grid for d-c restoration.

Amplitude Separation. Clipping the synchronizing pulses from the
composite video signal is amplitude separation of the syne, and the stage
having this function is a sync separator. A stage for additional clipping
of the separated sync voltage is generally called a sync clipper.

63.5 usec l‘40.5 H 190.5 usec

A& P

’I\"(;.OSH %B.MH

5.1 usec
Fia. 16-6. Waveform of the synchronizing pulses. H is the horizontal line period of
63.5 usec.

e
\0.07H

- \l" Trailing

0.43H edge

Waveform Separation. In addition to the amplitude separation of the
syne voltage, there still remains the problem of filtering out from the total
separated syne voltage the vertical synchronizing pulses alone, for syn-
chronization of the vertical scanning, and providing for horizontal syn-
chronization. The total separated sync voltage includes the horizontal,
vertical, and equalizing pulses, as illustrated in Fig. 16-6. All have the



SYNC SEPARATION 301

same amplitude but they differ in frequency and pulse width. The repe-
tition rate of the horizontal pulses is 15,750 per second, one for every
scanning line, and their pulse width is 5.1 usec, providing narrow pulses
with a frequency of 15,750 cps. The serrated vertical pulse is repeated
at the rate of 60 per second, one for each scanning field, with a pulse width
of 190.5 usec, providing wide pulses at the frequency of 60 cps.  Since the
horizoutal and vertical synchronizing pulses differ in frequency and pulse
width, they have different waveforms that can be separated from the total
sync voltage by either RC' or RI, circuits.

16-4. RC Transients. The voltage or current in RC and R circuits
immediately following a sudden change of applied voltage is called the
transient response. The transient response of RC circuits is analyzed here
now because this has many important applications, including waveform
separation of the synchronizing signals from the total sync voltage and
generation of the saw-tooth voltage waveform for deflection. A few
examples are given here to show a condenser charging or discharging
through a series resistance. The arrangement of a battery and switch
used to illustrate the charge or discharge circuit is equivalent to a square-
wave pulse of applied voltage or rectangular pulses such as the synchroniz-
ing pulses. The leading edge of the pulse means that the maximum
amplitude of signal voltage is instantaneously applied. The voltage is
maintained for the time corresponding to the width of the pulse. This
corresponds to the closing of the switch in the simplified circuit and keep-
ing it closed for the duration of the pulse width. The trailing edge of the
pulse is equivalent to removal of the applied voltage.

Condenser Charge.  Figure 16-7a shows a circuit for charging the con-
denser C through a series resistance R by means of the 100-volt hattery.
When the switch is elosed, current flows in the direction shown to charge
the condenser. Since the voltage across the condenser is proportional to
its charge, a small voltage e, appears across the condenser. The charging
process continues until the condenser is fully charged and the potential
difference across C is equal to the battery voltage. With the voltage
drop across the condenser equal to the applied battery voltage, the charg-
ing current drops to zero. While it might seem that the battery could not
cause current flow in this capacitive circuit often used to block direct cur-
rent, it must be remembered that the applied voltage is continuously
changing during the transient response from the time the switch is closed
until the condenser is completely charged. After the steady-state condi-
tion is reached, with the condenser charged to the same potential differ-
ence as the applied voltage, no current can flow.

Initially, when the switch is closed the amount of current flowing is
maximum, since at that time there is no voltage drop across the condenser
to oppose the applied voltage. Therefore, the condenser charges most
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rapidly at the beginning of the charging period. As the condenser
becomes charged, the voltage opposing the battery becomes greater and
the net applied voltage for driving current through the circuit becomes
smaller. Plotting the condenser voltage against time as it charges, the
RC charge curve of Fig. 16-7a is obtained. The condenser voltage
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Fia. 16-7. Charge and discharge of an RC circuit. (a) Charge. (b) Discharge.

increases in the manner shown by the exponential curve because the
charging current decreases as the amount of charge on the condenser
increases. The equation for this curve is

ec = E(1 — xc)

where e, is the amount of voltage added to the condenser at any instant
of time because of the net applied charging voltage E. Epsilon, ¢, is the
base in the Naperian or uatural system of logarithms and is a constant
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equal to 2.718.  The exponent {/RC includes the time in seconds, resist-
ance in ohms, and capacitance in farads.

The current that flows in the eircuit te charge the condenser has its
maximum value, equal to £/R, at the first instant of charging. As the
condenser takes on more charge, the net applied potential available for
charging the condenser decreases because the condenser voltage opposes
the battery voltage, and the eurrent flow deereases in the manner shown
in Fig. 16-7a.  The current reaches its maximum value instantaneously
after the application of the charging voltage and then decreases exponen-
tially, decreasing most rapidly at first when the condenser is charging
most rapidly, then declining more slowly to reach zero when the condenser
is completely charged. Theoretically, the condenser never hecomes
completely charged and the charging current is never reduced to zero, but
the condenser can become more than 99 per cent charged within a definite
amount of time.

The voltage across the resistor is always equal to /R and has the same
wave shape as the current because the resistance is constant, making the
voltage vary directly with the current. When the condenser is com-
pletely charged the value of the current is zero and the voltage across the
resistor is also zero. At any instant the voltage drops around the circuit
must equal the applied voltage, and the sum of the resistor voltage and
condenser voltage is equal to the battery voltage at all times.

Condenser Discharge. Figure 16-7b shows a cireuit for discharging the
condenser (" through the resistor . Let the voltage across the condenser
be equal to 100 volts at the instant the switch is closed for discharging
the condenser.  As electrons from the negative plate of the condenser flow
around the circuit to the positive plate, the condenser loses its charge and
the voltage across the condenser e, decreases exponentially as shown in
Fig. 16-7b. The voltage decreases most rapidly at the beginning of the
discharge because the condenser voltage, now acting as the applied volt-
age, then has its highest value and can drive maximum discharge current
around the circuit. The magnitude of the condenser voltage e. at any
instant during the discharge is given by the equation

e, = E (k)

where e, is the instantaneous value of the voltage across the capacitor on
discharge, and . is the initial condenser voltage at the beginning of dis-
charge. The factor e7¥%¢ is the same as in the RC charge formula.

The discharge current has its maximum value of £,/ at the first
instant of discharge and, as shown in the diagram, has direction opposite
to the current flow on charge because the condenser is now acting as the
generator and is connected on the opposite side of the series resistance E.
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As the condenser discharges, the discharge current deereases in magnitude
hecause of the deelining value of e, to produce the wave shape shown in
Fig. 16-7b. After the condenser is completely discharged the current is
zero. The voltage across the resistor R is equal to IR and has the same
wave shape as the current.

Time Constant. It takes the condenser a definite amount of time to
charge or discharge in the RC circuit. The series resistance limits the
amount of current flow, larger values of resistance resulting in a longer
time required for charge or discharge. Larger values of capacitance alse
require a longer time for charge or discharge. A convenient measure of
the charge or discharge time of the circuit, therefore, is the RC product.
The time constant of the circuit for charge or discharge is defined as

RXC=t

where C = capacitance in farads, & = resistance in ohms, in series with
the charge or discharge current, and ¢ = time constant in seconds. Use-
ful relations often used in calculating RC time constants are

R (ohms) X C (farads) =t sec
R (megohms) X C (uf) =t sec

I (ohms) X C (uf) =t usec
R (megohms) X C (uuf) =t psec

The value of resistance used in calculating the time constant must be
the resistance in series with the condenser charging current for a charge
circuit or the series resistance on discharge. The charge and discharge
paths for the condenser are not necessarily the same, and if the series
resistance is different, the time constant will not be the same on charge
as for discharge.

The time constant of the circuit states the time required for the con-
denser to charge to 63 per cent of the applied voltage, on charge. For
discharge, the time constant states the time required for the condenser to
discharge 63 per cent, or the time required for the condenser to discharge
to 37 per cent of its original voltage. These values are obtained from the
equations given previously for the instantaneous voltage across the con-
denser at any instant of time as it charges or discharges. On charge, the
condenser voltage is given by

e = E(1 — /%)

Che voltage after RC time can be found by substituting RC for time in the
equation to obtain
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e. = E(1 — €HOIRCY = F(] — €l = E(l - l)

€

. 1 . . - o
I (I 2.7—IS>’ sinee e 18 equal to 2.718

E(1 — 0.37) (approx)
0.63E

The condenser voltage at any instant of time as it declines because of
discharge is given by the equation

e = H.(etrr)

Substituting £ for time, the condenser voltage after one time constant
can be found.
e = E(ekemey = [ (1)

. 1
= L (2.718)

= 0.37 E. (approx)

The RC time constant is a convenient unit of measuremeunt for the €
cireuit, defining the amount of time required for the condenser to charge
to 63 per cent of the applied voltage on charge, or the amount of time
required for the condenser to discharge to 37 per cent of its initial voltage
when the condenser is being discharged. These values hold for any RC
circuit, since they are percentages that can be applied universally. The
condenser is practically completely charged to the applied voltage after a
time equal to five time constants, as shown in the universal time-constant
chart in Fig. 16-12. On discharge, the condenser voltage is practically
down to zero after five time constants. A few examples will demonstrate
how the time constant can be applied.

Example 1. A l-megohm resistor and 1-uf condenser are connected in series across
a 100-volt battery. If the condenser has no charge initially, how long will it take to
change to 63 volts?

The time constant of the RC circuit is 1 sec. Since 63 volts is 63 per cent of the
applied voltage and the condenser charges to 63 per cent of the applied voltage in
1 time constant, it takes 1 sec for the condenser to charge to 63 volts.

Example 2.  The same 1-megohm resistor and 1-uf condenser are connected in series
across a 45-volt hattery. What is the condenser voltage after 1 sec if the candenser
has no initial charge?

The time constant of the circuit is 1 sec, and the condenser will charge to 63 per
cent of the applied 45 volts after 1 see, or 28.4 volts.

Example 3. A 0.1-uf condenser is charged to 10 volts and is then allowed to dis-
charge through a 100-ohm resistor. What is the condenser voltage after 10 usec
of discharge?

The time constant for discharge in the K circuit is 10 wsec.  The condenser voltage
discharges to 37 per cent of the original 10 volts, or 3.7 volts.
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There are several precautions to keep in mind when figuring RC prob-
lems. The time constant gives the rate of charge but it does not deter-
mine for how long the condenser charges, nor does the time constant
decide whether or not the condenser is able to charge. When the applied
voltage is more than the voltage across the condenser, it will charge.
Furthermore, the condenser will continue to charge as long as the applied
voltage is maintained and is greater than the condenser voltage. When
the condenser voltage equals the applied voltage the condenser cannot
take on any more charge. Or, if the applied voltage is removed, the
condenser cannot charge. Suppose that in an RC circuit with a time con-
stant of 1 see, 100 volts is applied for 14 sec. In RC time, the condenser
could charge to 63 volts if the voltage were applied for 1 sec. IHowever,
the applied voltage is removed after 34 sec, allowing the condenser to
charge only for one-half of RC time to produce approximately 40 per cent
of the applied voltage, or 40 volts, across the condenser. This value is
obtained from the universal time-constant chart in Fig. 16-12, which gives
the per cent of charge or discharge for different amounts of time in terms
of the time constant. Similarly, the time constant on discharge gives
the rate of discharge but it does not determine for how long the condenser
discharges nor does the time constant decide whether or not the con-
denser is able to discharge. The condenser will discharge as long as the
voltage across it is greater than the applied voltage. When the conden-
ser voltage discharges down to zero it cannot discharge any more. Or
if the condenser is discharging and the applied voltage changes to become
greater than the condenser voltage, the condenser will stop discharging
and start charging. Finally, it should be noted that the 63 per cent
change of voltage in RC time refers to 63 per cent of the net voltage avail-
able for producing charging current on charge, or discharging current on
discharge. As an example, if 100 volts is applied to charge a condenser
that already has 20 volts across it, the condenser voltage will increase by
63 per cent of 80 volts, adding 50.4 volts to the 20 volts to produce 70.4
volts across the condenser after RC time.

Charge and Discharge in RC Time. The voltage and current wave
shapes in an RC circuit are shown in Fig. 16-8 for the case where a con-
denser is allowed to charge through a resistance for RC time and then
discharges through the same resistance for the same amount of time.
After the switch is closed for charge, the condenser charges to 63 volts in
the RC time of 1 sec because this is 63 per cent of the applied 100 volts.
Then the condenser is allowed to discharge and the condenser voltage
declines to 37 per cent of 63 volts, or 23.3 volts, in RC time. The next
charge cycle begins with the condenser voltage equal to 23.3 volts, there-
fore. After RC time an additional 48.3 volts is added, since this is 63 per
cent of the net applied charging voltage of 76.7 volts, making the con-
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denser voltage equal to 71.6 volts. The current has the wave shape
shown in the illustration, with its maximum value at the beginning of the
charge or discharge and then declining as the condenser becomes charged
or discharged. The voltage across the resistor ez is equal to /R and has

the same wave shape as the current.

across R is obtained on discharge

The negative polarity of voltage

because the current flow is in the S, ij
direction opposite from the charging = \\/ o 10,uf__°°
current. = volts S
Long and Short Time Constants. 1001% P
The example illustrating the action
in an RC circuit when a charging , Closed
voltage is applied for RC time and S Open %%ﬁ::ed
then removed to allow the condenser 10 "°g,s ? ,
to discharge for the same period of applied i
time is equivalent to having an ap- Gleprc+ ¢ Tire—
. . 1sec 2sec
plied square wave of voltage with a '
pulse width equal to RC time. The 100 volts | E
time allowed for discharge or charge % gg :::::%
in this case is neither long nor short 1 T e —
compared with the width of the ap- ) i !
plied pulse. By using RC circuits e ; )
with a long time constant or short 7 037 > '____ :
time constant, however, various use- _os /? Time —
ful types of voltage wave shapes can 1?;,65,’ ““““ j E
be obtained. A long time constant E !
is at least five times as long as the ,,l_oo volts \i !
period during which voltage is ap- e 37 volts :
plied. This does not allow the con- IR _23wotsT l/" Time —=
denser to become completely charged lgg :g::: ------- : :

during the time that the voltage is
applied. The time constant can be
called long because it is too long to
allow the condenser to become appreciably charged. A short time con-
stant is no more than one-fifth the period of the applied voltage. This
permits the voltage to be applied for a period equal to five time
constants, allowing the condenser to become completely charged, as
shown by the universal RC eurve in Fig. 16-12. The same couditions
of long or short time constants apply on discharge as well as on charge.
Usually, when a long or short time constant is desired, the time
constant is made greater or less than the period of the applied voltage
by a factor much greater than 5 in order to obtain the desired wave
shapes.

Fii, 16-8. Charge and discharge of an
RC cireuit in RO time.
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Charge and Discharge with a Short Time Constant. Figure 16-9 shows
the wave shapes obtained in an RC cireuit when the time constant is short
and is the same for charge or discharge. The voltage across the con-
denser is essentially the same as the applied square wave of voltage
because the short time constant of the (' eireuit allows the condenser to

"« C charge or discharge completely within a

1 period of time that is very much less

E 0.001 uf T than the width of the square-wave pulse.
{8852;5 100kSR ey Sharp peaks of current flow in the

circuit beeause of the short time con-

stant. The leading edge of the pulse

mog?'ts"—L coincides with the application of charging

voltage. The current has its initial

O.SOeOcs °S-2c1 Time=—  maximum value of £/R instantaneously

at that time and is then rapidly reduced

to zero as the condenser becomes com-

Time— pletely charged. For most of the pulse

width the condenser voltage is equal to

the applied voltage and the current

remains zero. The trailing edge of the

Time=—> applied pulse coincides with the removal

of the applied voltage and the beginning

of condenser discharge. The discharge

current flows in the opposite direction,

€x=IR instantaneously reaching its maximum

j r Time—= value at the time of discharge, and is

100 volts rapidly reduced to zero as the condenser

F16. 16-9. Charge and discharge of  becomes completely discharged.  During

?(':nslzﬁn""c“‘t with a short time )0 romainder of the time, when the

' condenser voltage is zero and the applied

voltage is zero, there is no current flow. With the next pulse, peaks

of current are again obtained for the leading and trailing edges of the

applied square wave. The voltage across the resistor cg is equal to

1K and has the same wave shape as the current, with sharp voltage peaks
for the leading and trailing edge of each input pulse.

Long Time Constant on Charge and Short Discharge Ttme. It is not
necessary that the condenser charge and discharge through the same
path. Figure 16-10 shows a circuit where the condenser is allowed to
charge through a high resistance, providing a long time constant, and is
then rapidly discharged through a low resistance. After the switech S,
is closed to apply the charging voltage the voltage across the condenser
rises slowly, following the exponential charging curve for a condenser.
When the applied voltage is removed by opening S, and the switch S, is
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closed for discharge through the low-resistance path, the condenser volt-
age drops rapidly to zero because of the short time constant. The result
is a saw-tooth wave of voltage across the condenser. This illustrates the
method generally used for producing saw-tooth deflection voltage in
seanning circuits.

16-5. RL Transients. When voltage is applied across an induetive cir-
cuit the current flowing in the circuit cannot attain its steady-state value
instantaneously but must build up gradually because of the self-induced
voltage across the coil.  As soon as the applied voltage produces a change
in current flowing through the inductance, its magnetic field moves out to
cut the turns of wire in the coil and generates a counter e.m.f. that
opposes the applied voltage, thus reducing the net applied voltage avail-
able for producing current flow in the circuit. When the applied voltage
is removed the coil’s magnetic field collapses, again cutting the turns of

S, 1 meg
VWV > 100 volts
S
\ z Charge Discharge
e == . Output
—— 100 volts - ¢ voltage €.

Lt

S', Closed *S, Open  Time —>
S, Open S, Closed

F1G. 16-10. RC circuit with a long time constant on charge and short time constant
for discharge. The output across the condenser is a saw-tooth wave of voltage.

wire in the inductor and generating a self-induced e.m.f. across the coil
that prolongs the flow of current in the same direction.

RL. Charge and Discharge. Figure 16-11b shows the wave shapes
obtained in an RL e¢irceuit with a square wave of applied voltage. When
voltage is applied to the RL cireuit the current builds up gradually
toward its maximum value of /R, following the exponential wave shape
shown. The increase in current is most rapid at the beginning of the
charge and then inereases at a slower rate because of the induced voltage
across the coil that opposes the applied voltage. The self-induced volt-
age across the inductance ¢, reaches its maximum value instantaneously
and then decreases in magnitude as the rate of change in the current
decreases.  When the applied voltage is removed, the collapsing mag-
netic field induces across the coil a voltage of polarity opposite from the
voltage induced during the charge. 'The current flow is maintained in
the same direction, however, because the reversed voltage across the
inductance is now applied voltage and is conneeted on the opposite side of
the resistance B, The voltage across the resistor /, is equal to IR and
has the same wave shape as the current.
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The transient response of the RL circuit exactly parallels the RC
response, but the current is now the factor in the circuit that builds up
and decays exponentially, corresponding to the condenser voltage in the
RC circuit, because its value cannot change instantaneously. As seen in

~—Ep— _f —-—ep— —f
E o

€,

\

]
0

ty

N N\
- v

ep= \ ep=
LR V IR

(a) (b)
Fia. 16-11. Comparison of wave shapes in RC and RL circuits. The current in the RL
circuit eannot change instantaneously but must build up or decay exponentially in the

same manner as the condenser voltage in the RC circuit. (a) KC circuit. (b) RL
circuit.

Fig. 16-11, the wave shapes for the RL circuit are exactly the same as in
the RC circuit, with the current and voltage interchanged.
RL Time Constant. The time constant of an RL circuit is defined as

—_ =

where L is the inductance in henrys, R the series resistance in ohms,
and ¢ the time constant in seconds. The time constant applies either
to current build-up or to current decay in the circuit and has the same
significance as the time constant in an RC circuit. In the inductive
circuit the current rises to 63 per cent of its maximum value or decays to
37 per cent of its initial value during the period of one time constant.
Since the shapes of the current and voltage wave shapes are exactly the
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same in RC and RL circuits, the universal time-constant chart in Fig.
16-12 can be used for cither type of circuit. Note that the voltage rise
across the condenser corresponds to the current rise in the inductance.

Integrating and Differentiating Circuits. In an RC or RL circuit with
a short time constant, the voltage that ean change its value instantane-
ously with the applied voltage is often called the differentiated output.
This is the voltage across the resistor in an RC circuit, or across the
inductance in an RL circuit. A differentiating circuit is used when wave-
form separation of the horizontal syne is desired.  As shown in Fig. 16-9,
the output of a differentiating circuit consists of sharp peaks of veltage of
opposite polarities for the leading and trailing edges of the input pulses.
With the total separated syne voltage as input signal, the differentiated
output contains sharp voltage peaks corresponding to the voltage changes

L
g 8
S. H R
sE 60} MWW
E%’ 60 1 Sync 100k L °Integrated
‘23 40 mput? 0.0014f|C ¢ output
g ° t
g 1
g 2
0

0 1 2 3 4 5 6

Time in RXC or L/R
Fra. 16-12. Universal time-constant chart
for 2C' and RIL circeuits. (@) Inductor
current or capacitor voltage on charge.

MW_///\\

Fia. 16-13. Waveform separation of the
vertical synchronizing signals from the
total sync by means of an integrating

(h) Inductor current or capacitor voltage circuit. R€ is equal to 100 usee.

on discharge.

produced by each pulse. The voltage peaks for the leading edges sepa-
rated by the horizontal line interval H have the frequency of 15,750
eps required for horizontal synchronization. In an RC or RL circuit
where the time constant is not short, the voltage that cannot change
instantaneously but must build up exponentially is called the ¢ntegrated
output. This is the voltage across the condenser in an RC circuit, or
across the resistor in an KL circuit. The integrating cireuit is used to
separate the vertical sync. RC circuits are generally preferred for dif-
ferentiating and integrating circuits because a wide range of time con-
stants can be obtained more conveniently than with RL circuits.

16-6. Separation of the Vertical Synchronizing Signals. An integrat-
ing circuit, having a time constant long compared with the duration of the
horizontal pulses but not with respect to the vertical pulse width, is used
to provide the waveform separation needed for vertical synchronization.
As shown in Fig. 16-13, the total sync voltage is coupled to the RC inte-
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grating circuit, and the output voltage across the condenser provides
vertical synchronizing voltage alone.  Since the time constant of the R('
circuit in the illustration is 100 usec and the horizontal pulse width is 5.1
usee, the condenser can charge to ouly a small percentage of the applied
voltage for the short period during which the horizontal pulse is applied.
The period between horizontal pulses, when no voltage is applied to the
RC circuit, is so much longer than the horizontal pulse width that the
condenser has time to discharge almost down to zero during this time.
The equalizing pulses apply voltage at half-line intervals, but their dura-
tion is only one-half the horizontal pulse width, and the condenser cannot
charge to any appreciable voltage.

When the vertical pulse is applied, however, the integrated voltage
across the condenser ean build up to the value required for triggering the
vertical scanning generator. The serrated vertical pulse consists of six
individual pulses, cach of approximately 27-usec duration, with serrations
having a pulse width of 4.4 usec. Since the time constant of the RC cir-
cuit is 100 psec and the pulse width is 27 usec, charging voltage is applied
for 0.27 RC time and the condenser charges to 27 per cent of the applied
voltage, as obtained from the universal charge curve in Fig. 16-12. Dur-
ing the serration the applied voltage is removed and the condenser dis-
charges. Thisis only for 4.4 usec, or 0.044 RC time, however, and the con-
denser loses little of its charge before the next pulse provides syne voltage
to recharge the condenser. Thus, the integrated voltage across the con-
denser builds up to reach its maximum amplitude at the end of the verti-
cal pulse and then deelines practically to zero for the equalizing pulses and
horizontal pulses that follow, producing a pulse of the triangular wave
shape shown for the complete vertical synchronizing pulse. These pulses
are repeated at the field frequency of 60 per second. Therefore, the
integrated output voltage across the condenser can be coupled to the ver-
tical scanning generator to hold the vertical synchronization.

Effect of the Iqualizing Pulses. 'Thefunction of the six equalizing pulses
immediately preceding and six following the vertical pulse in improving
the accuracy of the vertical synchronization for better interlacing can be
seen from an analysis of the RC integrating circuit. Since there is a half-
line difference hbetween the even and odd fields, without equalizing pulses
the vertical pulse for the first and odd fields would have to begin a full
line after the last horizontal synchronizing signal; the vertical pulse for the
second and even fields would begin a half line after the preceding hori-
zontal synchronizing signal, as illustrated in Fig. 16-14. Consequently,
the voltage across the vertical integrating condenser for the even fields
would not have as much time to discharge down to zero during the half-
line interval between the last horizontal pulse and the beginning of the
vertical pulse. The integrated vertical voltage would start building up
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from a higher voltage than on the odd field, therefore, producing the dif-
ference in wave shape for even and odd fields shown in Fig. 16-14.
Although this difference may appear slight, it would be sufficient to impair
the interlacing because of the slightly different timing of the vertical
sweep generator that would be produced for the even and odd fields.
With equalizing pulses, this difference in the vertical synchronizing volt-
age is minimized because the half-line difference between fields precedes
the beginning of the vertical pulse by six equalizing pulses. These pulses
allow the integrated voltage across the condenser to adjust itself to prac-
tically equal values for even and odd fields before the vertical pulse
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which the condenser voltage must rise to

trigger the vertical scanning generator.

begins, since the average value of applied voltage is made more nearly
the same for the two cases. The six equalizing pulses that follow the ver-
tical pulse minimize any difference in the trailing edge of the vertical syn-
chronizing signal for even and odd fields.

Cascaded Integrator Sections. A very long time constant for the inte-
grating circuit removes the horizontal sync pulses but reduces the vertical
synce amplitude across the integrating condenser and results in a slowly
rising edge on the integrated vertical pulse.  With a time constant that is
not long enough, the horizontal syne pulses cannot be filtered out and the
serrations in the vertical pulse produce notches in the integrated output.
The notches should be filtered out because they give the integrated verti-
cal synchronizing signal the same amplitude value at different times.
The wave shapes in Fig. 16-15 illustrate the extreme cases of teo much




314 BASIC TELEVISION

integration and not enough integration. For good vertical synchroniza-
tion, the integrated vertical pulse should have sufficient amplitude and
rise quickly with a smooth increase up to the amount of voltage required
to trigger the vertical deflection oscillator. In order to provide a com-
promise between good filtering of the horizontal sync with a long time

R, R,
—WWWA A2\% —0
10k 10k
Sync C = == Integrated  F1G. 16-16. Two-section integrating circuit.
iput  000suf| 0005uf| VP
o— o

constant and the sharper leading edge and higher amplitude produced by
a shorter time constant, the integrating circuit generally consists of two or
three sections in cascade, as shown in Fig. 16-16. This is a two-section
integrating circuit with each RC section having a time constant of 50
usec. The operation of the circuit can be considered as though the R,
section provided integrated voltage across C, that is applied to the next
integrating section R,(";. The over-all time constant for both sections is
long enough to filter out the horizontal syne, while the shorter time con-
stant of each section allows the integrated voltage to rise more sharply
because each integration is performed with a time constant of 50 usec.
The time constant for charging the output condenser in a two-section
filter can be calculated as R(C; + C3) + R:C,. Referring to Fig. 16-16,
the over-all time constant is 150 usec. For a three-section filter, the
over-all time constant would be R, (C; + C: + C3) + R2(C:C3) + RiCs.

Fic. 16-17. Oscillogram of the integrated vertical synchronizing signal. Vertical
deflection oscillator must be disabled to see this pulse without oscillator grid voltage.
Oscilloscope internal sweep frequency at 60 cps.  (RCA.)

The oscillogram in Fig. 16-17 shows the vertical sync output of a cascaded
integrating circuit.

16-7. Noise in the Sync. Noise pulse voltages in the sync can cause
poor synchronization, resulting in vertical rolling or horizontal tearing of
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the picture. The noise pulses are produced by interference sources
external to the receiver, such as electrical machinery and auto ignition
systems, but the noise can be radiated to become part of the received sig-
nal. The noise produces voltage peaks of short duration, as illustrated
in Fig. 16-18. In the integrating cireuit, the noise pulses charge the
integrating condenser, allowing it to reach the voltage amplitude required
for synchronizing the vertical deflection oscillator too seon. In hori-
zontal synchronization, the noise pulses can be mistaken for harizontal
synchronizing signals, To reduce the effect of noise on synchronization,

Plate Plate
current current
7
Grid Grid
voltage r Ao voltage A 0, ]
__:__r: Noise pulse = i Noise pulse
§ |
1 ' !
1
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N =
Bias | Bias
Cutoff Cutoff
(a) (b

FiG. 16-18. Noise pulse and signal in sync stages. (a) Composite video with positive
syne and noise pulse at grid of sync separator. () Separated sync of negative polarity
with noise pulse at grid of succeeding syne clipper.

the sync separation circuits generally include short-time-constant RC ¢ir-
cuits for the noise pulses in the grid of the syne separator, and a sync clip-
per stage for the separated syne.

Clipping the Separated Sync. The sync output of the separator is
often clipped and amplified in the next stage, to ensure sufficient ampli-
tude with sharp synchronizing pulses free from interfering noise and
camera signal variations. Clipping in successive stages allows the top
and bottom of the sync pulses to be clipped by cutoff, which is sharper
than limiting by plate saturation. The operation of a sync separator fol-
lowed by a sync clipper is illustrated in Fig. 16-18. The operating char-
acteristic in a shows composite video signal at the grid of the sync sepa-
rator, with positive sync polarity, and the separated sync output in the
plate circuit. Notice that the noise pulses shown as part of the separated
sync signal can have a higher amplitude than the sync voltage, if the
noise is stronger than the signal. When the negative sync output in the
plate of the separator is coupled to the grid of the next stage, operating as
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a syne clipper, the side of the syne pulses that was positive at the grid of
the separator is negative at the grid of the elipper.  This is shown in b.
As a result, both the top and hottom of the syne pulses are clipped by
cutoff, one side in the syne separator and the other side in the following
syne clipper.  Although the noise pulse in @ has higher amplitude than the
syne voltage, the noise pulse in b has been reduced to the amplitude of the
syne voltage beeause all the pulses are clipped at the cutoff level.

Sync Separator T'ime Constant.  ‘The time constant of the grid-leak bias
cireuit in the input to the separator must be long enough to maintain the
bias from line to line and through the time of the vertical synchronizing
pulse, in order to maintain a constant clipping level. Typieal values are
0.1 uf for the coupling condenser (', and 1 megohm for the grid resistor
R,, providing a time constant of 0.1 sec. These values allow the bias to
vary from frame to frame for different brightness values, keeping the tip
of syne clamped at zero grid voltage. However, a time constant of 0.1
sec is too long for the bias to follow amplitude variations produced by
noise pulses occurring between lines, with a frequency higher than the
horizontal syne pulses.

Noise pulses in the input signal to the grid of the sync separator
increase the amount of grid-leak bias produced, making the bias more
negative than is required for clipping the syne from the composite video
signal. This effect of noise pulses inereasing the amount of bias produced
by the signal is often called noise setup. As a result, the gain is reduced
for the separated syne.  In addition, the noise is amplified with the syne.
If the time constant of the grid-leak bias circuit in the syne separator is
made smaller for the noise pulses, it will not be long enough to maintain
the bias between syne pulses, especially during the vertical syne pulse
time. The result may be inadequate syne separation during and imme-
diately after the vertical pulse. Some receivers have separate hori-
sontal and vertical syne separator stages to provide a long time constant
for vertical syne separation and a much shorter time constant for hori-
zontal syne separation.

In order to reduce the effect of high-frequency noise pulses on the grid-
leak bias for the syne separator, an R cireuit with a short time constant
can be added to the grid cireuit of the syne separator, as shown in Iig.
16-19.  The grid coupling cireuit R,('. provides normal grid-leak bias,
with a time constant of 0.1 sec, for the sync signal. The small 150-uuf
condenser "y and the 270,000 ohm resistor I, provide a short-time-con-
stant circuit that allows the grid-leak bias to change quickly to reduce
the effect of noise pulses in the input to the syne separator. (', can
charge quickly when noise pulses produce grid current, increasing the bias
for noise. Since the 2, time constant is approximately 40 usec, (7, can
discharge through I, between sync pulses to keep the bias at the voltage
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provided by R,C. for the syne. As a result, the bias stays approximately
the same for the sync voltage, allowing the syne to be separated at a con-
stant clipping level. The gain is reduced for noise, however, when I2,(";
increases the bias momentarily for noise pulses. When there is no noise,
Ry keeps C, discharged so that no additional bias is produced.

16-8. Sync Separation Circuits. Several circuits are shown here to
illustrate typical arrangements for obtaining the synchronizing signals
needed to time the deflection oscillators. The first step necessary is
separation of the synchronizing pulses from the camera signal variations,
which is usually done by clipping the sync from the composite video signal
taken from the video amplifier. Grid-leak bias is generally used for the
sync separator, which reinserts the d-c component necessary to line up
the pulses for a constant clipping level. The separated syne signal can he
amplified and clipped further without regard to the d-¢ level.  The high-
frequency response of an amplifier for the horizontal synchronizing pulses
is important, however, to preserve the sharp leading edge. Values of
5,000 to 50,000 ohms are used for the plate load resistor to minimize

Sync
separator
€y, 150 ut
c°\',';'§’§§"° | IC‘ 0.1 uf Firg. 16-19. Short time-constant network R,C,
signal R to reduce noise pulse amplitude at grid of sync
i 1
input 270k R, separator,

1 meg

the effect of shunt capacitance and provide suitable amplification for
harmonic frequency components of the horizontal syne up to abont 1 Me.
After sufficient amplification and clipping, the 1otal separated syne volt-
age is coupled to the integrating circuit, which provides only the inte-
grated vertical synchronizing signals with a frequency of 60 ¢ps to the
grid of the vertical deflection oscillator.  For horizontal synchronization,
however, the sync voltage generally is not coupled to the horizontal
deflection oscillator. DPractically all television receivers have an auto-
matic frequency control (a-f-¢) circuit for the horizontal scanning, to
minimize the effect of noise on synchronization of the horizontal
oscillator. In this type of vircuit, the sync voltage is coupled to the
oscillator control stage, which can then hold the horizontal oscillator at
the horizontal line frequency of 15,750 eps.

Sync Separator, Clipper, and Phase Inverter.  In the syne circuits shown
in Fig. 16-20, composite video signal from the output of the video ampli-
fier, with positive syne polarity, is coupled to the grid of the first syne
stage, which uses one triode section of the 12AU7 twin-triode Viyg.  This
stage is a grid-leak bias sync separator to provide separated syne voltage
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of negative polarity in the plate circuit, without camera signal. The
negative sync output from the plate is coupled through Cje to the grid of
the next sync stage, which amplifies the separated sync and clips the nega-
tive side of the sync pulses. The amplified output in the plate of this
clipper is positive sync that is coupled through C 4, to the grid of the sync
inverter, which uses one triode section of the 6SN7-GT twin-triode V4015.
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I'16. 16-20. Syne separation circuit with grid-leak bias separator, clipper, and phase
inverter stages.,  Vertical wave shapes can be observed on oscilloscope with internal
sweep frequency at 30 eps, horizontal at 15,750/2 eps. Wave-shape amplitudes are
peak-to-peak voltage. Capacitance values less than 1 in gf, more than 1 in uguf.
(Admiral Series 21 chassis.)

The inverter operates as a phase splitter to provide push-pull syne output
voltage, because the horizontal a-f-¢ circuit in this chassis has push-pull
input, requiring sync voltages of equal amplitude and opposite polarity.
Negative sync voltage from the plate of the phase inverter, across the
2,200-ohm plate load resistor Kiyg, is coupled by Cyq12 to one side of the
a-f-¢ circuit, while positive sync voltage of equal amplitude across the
2,200-ohm cathode resistor K424 is coupled by €413 to the opposite side of
the a-f-¢ ecircuit. The bypass condenser Cy4 returns Ry to chassis
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ground for the horizontal sync signal, so that no horizontal sync voltage
will be developed across Ryss to unbalance the push-pull circuit. The
total sync voltage of positive polarity at the cathode, across Rz, R4,
and R s, is connected to the three-section integrating circuit for vertical
synchronization. The integrated voltage across Cy; is vertical sync
only, for the grid of the vertical deflection oscillator, to synchronize the
vertical scanning. The dotted lines around the integrator indicate it
is a printed circuit in one unit.

The sync clipper stage has grid-leak bias, provided by Cis and Ry,
although the separated sync signal here has negative polarity. This just
means the tip of sync drives the grid voltage in the negative direction.
The separated sync voltage in the grid circuit is an a-c signal, however,
with positive and negative variations from the average-value axis.
Therefore, the grid can be driven positive, as illustrated by the syne sig-
nal shown in Fig. 16-18b, to produce grid current and the resultant grid-
leak bias.

In the cathode circuit of the syne inverter, R 25 forms a voltage divider
with R4z, across the B supply voltage, applying positive voltage across
R2s to the cathode.  This reduces the plate-to-cathode voltage, allowing
additional elipping of the svne. Notice that the grid circuit of the
inverter returns to the junction of Ry and R in the cathode, making
only the cathode voltage across Ryss effective as bias for the grid signal.

D-C Restorer with Sync Amplifier, Separalor, and Clipper. In Fig. 16-21
the d-c restorer stage V48, using one diode of the 6AL3, also separates
the camera signal variations from the sync to provide partially scparated
sync for the three-stage syne vircuit. The diode plate current through
Ris0 during syne pulse time develops the syne output voltage, of negative
polarity. This is coupled by €144 to the first syne amplifier Vi, which
uses the remote-cutoff pentode 6SK7.  The composite video signal input
to the restorer and the partially separated syne output for the first sync
amplifier are shown in the oscillograms in Fig. 16-22aandb.  The polarity
of the sync voltage is negative at the grid of the first syne amplifier and
the stage has enough fixed bias plus grid-leak bias to cut off noise pulses
of greater amplitude than the sync pulses. The sync output of the first
sync amplifier has positive polarity, as shownincof Fig. 16-22.  This posi-
tive sync voltage is coupled by Cy4 to the grid of the syne separator
Vi, which uses the sharp-cutoff pentode 65117, In this stage, the grid-
cutoff voltage is low enough to produce output only for the most positive
part of the syne voltage, while the more negative video and blanking sig-
nals are cut off. The syne output is shown in d.  This syne signal, of
negative polarity, is coupled by ("1 to the second syne amplifier Vg,
using one triode section of the 6SN7-G'T.  Grid-leak bias is used here and
the plate voltage is relatively low, allowing the negative side of the syne
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Horizontal 36 volts Vertical 36 volts
a) Composite video signal input to d-c restorer-syne separator at cathode pin 5 of
6ALS5.

Horizontal 9 volts Vertical 9 volts
(b) Partially separated sync output of d-c restorer-sync separator at plate pin 2 of
6ALS5

Horizontal 40 volts Vertical 58 volts
(c) Partially separated sync output of first sync amplifier at plate pin 8 of 6SK7.

e = e i 4 S,

T ————————————

Horizontal 75 volts Vertical 75 volts
(d) Syne output of sync separator at plate pin 8 of 6SH7

Horizontal 29 volts Vertical 35 volts

(e) Sync output of second sync amplifier at plate pin 2 of 6SN7-GT.
F1a. 16-22. Oscillograms of wave shapes in sync separation circuits shown in Fig. 16-21.
Oscilloscope internal sweep frequency at 15,750/2 cps for horizontal wave shapes and
30 cps for vertical wave shapes. Amplitudes given in peak-to-peak voltage. (kCA.)
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input voltage and noise pulses to be clipped by cutoff, while the positive
side is limited by plate-current saturation, to provide constant-amplitude
sync output. The positive sync output of the second sync amplifier is
shown in e of Fig. 16-22. This sync voltage is coupled by Cis to the
integrator consisting of R1e3C 151, R164C152, and R165C1s3.  The integrated
voltage output across (153 is coupled to the grid of the vertical deflection
oscillator to lock it in at the vertical synchronizing frequency. The out-
put of the second sync amplifier is also coupled by Ce6 to the a-f-¢ circuit
of the horizontal deflection oscillator to hold it synchronized at the hori-
zontal scanning frequency.

Gated Sync Separator and Clipper. The sync separator and clipper
circuit in Fig. 16-23 uses a tube with two control grids, such as the 6BN6
gated-beam tube or the 6BE6 and 6BYG pentagrid tubes, as a gated
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Fi1a. 16-23. Gated syne separator and clipper stage.  (Zenith chassis 22L20.)

amplifier to combine the functions of separating the sync from the com-
posite video signal input, while clipping noise pulses to provide noise-
immune separated sync output in the plate circuit. In the 6BEG6 in Fig.
16-23, the first grid next to the cathode is control grid 1 and the third grid
is control grid 2. Cutoff voltage for each control grid is approximately
—2 volts, with plate and screen voltages of 20 to 30 volts. Either control
grid can cut off the plate current. Both control grids must be less nega-
tive than cutoff at the same time, therefore, to produce the gated output.

Composite video signal input having positive sync polarity from the
plate of the video amplifier is coupled to control grid 2 by C3; with Rss.
The negative grid-leak bias allows just the peak positive sync voltage
amplitudes of the input signal to produce plate current, resulting in sepa-
rated sync output across the plate load resistor Rs), as grid voltages more
negative than —2 volts are beyond cutoff. Countrol grid 1 has composite
video signal input of negative sync polarity, and relatively low amplitude,
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from the video detector. The low signal amplitude, with a slight positive
bias on control grid 1, enables the syne input voltage to remain less nega-
tive than cutoff, allowing plate current to flow for producing the sepa-
rated sync output. However, noise pulse voltages in the composite video
signal, which drive the grid 1 voltage more negative, cut off the plate cur-
rent. As a result, noise pulses in the composite video signal input are not
present in the separated sync output. In addition, the grid-leak bias
voltage on control grid 2 cannot be increased by noise setup, which tends
to reduce the syne output, since noise pulse voltage cannot charge Cy
while current in the tube is cut off by control grid 1.

F16. 16-24. The hammerhead pattern with vertical sync and equalizing pulses on the
kinescope screen within the vertical blanking bar. (RCA.)

The bias on control grid 1 is adjusted by the fringe lock control Rse
for normal synchronization. Less positive bias provides better noise
immunity with weak signals, enabling noise pulses to drive the grid volt-
age negative erough to cut off plate current. Too little positive bias can
reduce the separated syne output, however, causing weak vertical and
horizontal hold in the picture.

16-9. Sync and Blanking Bars on the Kinescope Screen. Aithough
the video signal is coupled to the sync separator to provide the desired
sync pulses, the entire composite video signal with syne and blanking
pulses is also coupled to the kinescope grid-cathode circuit. The ampli-
tude variations of the sync and blanking pulses ean be seen, therefore, as
relative intensities on the kinescope screen. Figure 16-24 shows the
details of the vertical syne and blanking bars on the kinescope screen.
This can be seen by varying the vertical hold control to allow the picture
to roll slowly, out of sync, so that the vertical blanking bar is in the mid-
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dle of the picture instead of at the top and bottom. Brightness is turned
up higher than normal to make the blanking level gray instead of black.
The sync amplitude, which is 25 per cent above the blanking level, then
becomes black. The black bar within the vertical blanking bar, often
described as the ‘“hammerhead” pattern, represents the equalizing and
vertical sync pulses occurring during vertical blanking time. The
appearance of the horizontal sync within the horizontal blanking bar on
the kinescope screen is shown in Fig. 16-25. This can be seen by adjust-
ing the phasing of the horizontal deflection oscillator to put the horizontal
blanking bar in the picture, with the brightness higher than normal.
Normally the sync and blanking bars are at the edges of the picture

Fie. 16-25. Horizontal sync and blanking bars on the kinescope screen. (RCA.)

behind the mask of the screen and are not visible. The bars can be
examined, however, to check the sync voltage at the kinescope grid.
Syne that is blacker than blanking and the darkest parts of the picture
on the kinescope screen shows normal sync voltage in the composite video
signal input to the sync separator.

16-10. Sync Troubles. Vertical rolling and horizontal tearing or bend-
ing in the picture mean faulty synchronization of the scanning raster with
respect to the reproduced picture information. It should be noted,
though, that the separated sync is part of the received picture signal and
therefore the receiver must have enough signal to provide good synchroni-
zation. In most receivers a weak picture with hardly enough contrast to
be visible cannot be synchronized. Also, interfering noise pulses can
easily interrupt the synchronization with a weak signal. When the pic-
ture has good quality and contrast, however, poor synchronization indi-
cates sync trouble. All channels are affected by a trouble in the sync
circuits.
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A trouble in the syne circuits where only vertical syne is used such as
the vertical integrating civeuis, can cause loss of vertical synehrcaization
while horizontal sync is normal.  Or trouble in a horizontal syne circuit
can cause loss of just the horizontal synchronization. The a-f-e circuit
for the horizontal deflection oscillator provides horizontal synchrcnization
only. Some receivers have individual syne separator stages for harizontal
and vertical sync. In these circuits, a trouble ir: one stage can cause poor
vertical synchronization, while the horizontal sync is normal, or vice
versa.  When there is troulde in a stage where horizontal and vertical
sync are present, as in a common sync amglifier, both vertical and
horizontal synchronization can be poor at the same time.

It is important to remember that the vertical and horizontal sync
pulses are part of the r-f and +f picture signal ard the videc signal for the
sync separator. Distortion of the signal by limiting or clippirg in the
signal circuits can reduce the amplitude of the sync. Poor response for
the low video frequencies can distort the vertical sync. Checking the
sync and blanking on the kinescope screen will show whether ths sync is
normal in the composite vide» signal for the syic separator. In cases of
distorted sync in the signal cirenits, the picture eontrast will be distorted,
usually, in addition to the fanlty synchronization.

No Vertical Hold. This is illustrated in Fig. 16-1. Vertice. rolling
of the picture means no vertical synchronization. The tiouble may be
either no vertical syne to lock in the vertical deflection oscillatcr, or the
oscillator is so far off the correct frequency of GO eps that the vertical
syne voltage present cannot lozk in the oscillator. In order to hold an
oscillator synchronized not ouly is sync voltage necessary but the oscil-
lator frequency must be close enough to the synchronizing freq_ency to
enable the syne voltage to lozk in the oscillator. To check whether the
trouble is no vertical sync or incorrect oscillator frequency, vary the ver-
tical hold control to see if one complete picture zan be stopped, :a frame,
for just an instant. If varying the vertical hold control cennot stop one
complete picture, the trouble is incorrect frequency of the vertizal oscil-
lator.  When the hold contrcl stops the picture but it slips vertiz ally out
of hold, the trouble is no vertical sync input to the vertical ¢=flection
oscillator.

No Horizon'al Hold. Wh=n the picture tears apart in diagmnal seg-
ments this means no horizontal synchronization. This is showu in Fig.
16-2.  Again, the trouble can be in either the oscillator or the sTme. To
check, vary the horizontal oscillator frequency control to see if a whole
picture can be produced, although it will slip norizontallv. If a whole
pieture cannot be produced, the trouble is incorrect frequer.cy of -he hori-
zontal oscillator. When varying the frequency control can produce a
whole picture but it does not stay still horizontally, the trouule is no
horizontal sync input to the a-f-c circuit for the horizontal d:flection
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oscillator, or the control circuit is not synchronizing the oscillator. 1t
should be noted that many receivers have a separate setup adjustment
for the horizontal frequeney control, in addition to the horizontal hold
control in the horizontal a-f-¢ circuit.

Poor Interlace.  Inaccurate timing of the vertical scanning in even and
odd ficlds causes poor interlacing of the scanning lines, resulting in partial
pairing or complete pairing, which reduces the detail in the picture.
Stray pickup of pulses generated by the receiver’s horizontal deflection
circuits and coupled into the vertical syne and deflection eireuits can cause

F1a. 16-26. Bend just at the top of the picture, with straight edge on raster. (RCA.)

interlace troubles.  The pulses generated locally by the horizontal deflec-
tion circuits for scanning are high in amplitude and do not have exact half-
line difference in timing for even and odd fields. 'They can override the
vertical sync, therefore, and produce inaccurate timing of the vertical
scanning, with poor interlace.

Horizontal Pulling in the Picture. Weak horizontal sync allows the
picture to bend or pull horizontally, as successive scanning lines are
slightly displaced with respect to the picture information, but not enough
to make the picture tear apart. Horizontal pulling often appears only at
the top of the picture, as illustrated in Fig. 16-26. Note that the edges
of the raster are straight, showing that the weak horizontal sync causes
bend in the picture but not in the raster. The bend at the top of the
picture indicates weak horizontal sync just after the vertical syne pulse,
since the horizontal scanning at the top immediately follows the vertical
flyback. Weak horizontal sync all the time generally makes the picture
tear apart, but when the horizontal sync is weak for only part of the pic-
ture it pulls or bends. The bend in the picture is caused by a small con-
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tinuous change in the frequency of the deflection oscillator. The scan-
ning amplitude can remain the same to produce constant width with
straight edges on the raster.

Figure 16-27 illustrates how the horizontal syne voltage can be reduced,
starting with the vertical sync pulse, to cause weak horizontal sync for
the top of the picture. This can happen because the average value of the
syne voltage increases during the vertical pulse. Therefore, an £C bias
circuit with too short a time constant for the vertical syne will temporarily

T UL

Vertical Horizontal sync pulses
sync pulse for top of picture
1. 16-27. Weak horizontal syne following the vertical pulse. Not drawn to scale,
as reduced amplitude of horizontal pulses can continue for many more scanning lines
at the top of the picture.

Fia, 16-28. 60-cvele hum bend in the picture, but not in the raster, without kum bars.
Sce text for explanation of these symptoms that indicate heater-to-cathode leakage in o
horizontal syne tube.,  (KCA.)

charge to a value that is too high for the average value of the total syne.
As an example, if the vertical syne pulse makes the grid-leak bias too
negative in the syne separator stage, the amplification will be reduced
for the horizontal sync. Then the horizontal syne is weak following the
vertical pulse, resulting in bend at the top of the picture.

Hum in the Sync.  Excessive hum in the horizontal syne produces bend
in the picture as shown in Fig. 16-28.  The hum in the syne bends the pic-
ture but the edge of the raster is straight.  This shows that the hum is in
the horizontal syne but not in the raster circuits.  With excessive hum in
the vertical sync, the picture tends to lock in halfway out of phase, with
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the vertical blanking bar across the middle of the picture, staying still
in the position shown in Fig. 16-1a. Ilum voltage can combine with the

introduced in the signal circuits
1/60 sec hefore syne separati(.)n, thou.gh, the
hum will be combined with the
bars on the sereen then show that
sync sync
Y The hum voltage may be 60 cps,
60-cps hum 1is usually from heater-
. cathode leakage.
HMM introduced into the horizontal syne
Hum-modulated sync can be localized by noting that:
F1G. 16-29. 60-cycle hum voltage modu-
to zero by the hum voltage. is in the horizontal syne but not in
the deflection circuits.
sync scparation.

3. Hum bend in the picture without hum bars shows that the hum is
hum is B supply ripple from a full-wave power supply.

The horizontal sync waveform resulting from 60-cps hum voltage
negative half cycle, it can reduce the sync amplitude to zero. With or
without syne, though, the raster is scanned. The temporary loss of syne

The hum voltage can reduce the amplitude of the vertical sync also, as
illustrated in Fig. 16-29.  Excessive hum voltage may result in practically

synchronizing pulses either in the syne circuits or in any of the picture sig-
nal circuits and video signal circuits before the sync 1s separated. When
| video signal at the kinescope grid.

Horizontal — “vertical the hum is in the video signal.

with one cycle of bending from

/—\_/ top to bottom of the picture, or
120 eps producing two cycles.  The

Summarizing these effects, then,

the source of the hum voltage

lating sync amplitude. Notice that the 1. Hum'bend jn the picture while
syne amplitude ean be reduced practically  the rasteris straight shows the hum

2. Hum bend in the picture with dark and light hum bars across the
screen shows that the hum is introduced in the signal circuits, before
introduced in the sync circuits after sync separation.

4. Ileater-to-cathode leakage in a tube causes 60-cps hum; 120-cps
modulating the amplitude of the synchronizing pulses is shown in Fig.
16-29. Note that, when the hum voltage is strong enough during the
causes bend in the picture, instead of tearing, as the a-i-c circuit keeps the
horizontal deflection oscillator from changing its frequency abruptly.
no vertical syne, allowing the hum voltage itself to trigger the vertical
deflection oscillator. If the vertical deflection oscillator were triggered
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by the positive peak of the 60-cps hum voltage in Fig. 16-29, whicn is dis-
placed from the vertical syne pulse by the time of one-half a scanning field,
the picture would look like Fig. 16-1a, with the black blanking bar across
the middle and the center of the picture at the bottom of the raster where
the vertical retrace starts.

REVIEW QUESTIONS

1. What is the function of the synchronizing signals?

2. What is the efiect on the picture if the recciver does not hold its vertical
synchronization? What is the effect when the horizontal synchronization does not
hold?

3. Describe the sequence used in obtaining the synchronizing signals for the
seanning generators in the recciver.

4. What is meant by a clipper stage?

6. Draw the schematic diagram of a synce amplitude separator stage ansd explain
briefly its operation. Show the input and output voltage wave shapes.

6. Why must self-bias be used in the sync separator stage?

7. What is the function of the horizontal synchronizing pulscs, the vertieal pulses,
and the equalizing pulses?

8. A grid-leak bias circuit has a 150-uuf eondenser that can discharge through a
270,000-0hm resistor. Ilow long will it take for the condenser to discharge down to
one-half the voltage across the condenser at the start of the discharge?

9. 100 volts is applied to an RC circuit having a time constant of 1 see. With
10 volts across the condenser at the start, how much voltage will there be across the
condenser after 2 sec?

10. The total sync voltage is applied to an RC circuit consisting of a 22,000-ohm
resistor in series with a 0.005-uf condenser. Show the wave shape of the output
voltage across the condenser for the serrated vertical synchronizing pulse.

11. Referring to the sync separation circuits in Fig. 16-20, what is the syne voltage
polarity in the composite video signal input to the sync separator stage? What is
the polarity of the sync voltage output at the cathode of the sync inverter stage?

12. Referring to the syne separation circuits in Fig. 16-20 give the functiou of the
following components: Csis, Razs, Razz, Cire, Rars, Rars, Rty Rizo, Ciosy Criz, Cara,
and Ca..

13. Referring to the synec separation eircuits in Fig. 16-21, what is the syne voltage
polarity at the grid of the 6SH7 sync scparator? At the plate of the 68N7-G'T second
sync amplifier?

14. Referring to the sync separation circuits in Fig. 16-21, give the function of the
following components: C a1, Ciisy Kise, Riss, Craey Rissy Riss, and R g0

16. Referring to the gated sync separator and clipper circuit in Fig. 16-2Z3, what
input signals are applied to the two control grids? Where is the separated sync output
obtained?

16. What sync puises are in the hammerhead pattern? Describe briefly how the
hammerhead pattern can be used to localize a syne trouble in the receiver.

17. Describe briefly how to determine whether the trouble of vertical rolling of the
picture is caused by no vertical sync or incorrect vertical oscillator frequency.

18. Give two causes of horizontal pulling in the picture.

19. Give two effects in the picture that can be caused by 60-cps hum produeed by
heater-to-cathode leakage in a picture i-f amplifier stage. How could this be dis-
tinguished from hum introduced in the sync amplifier?



CHAPTER 17

DEFLECTION OSCILLATORS

The scanning of the electron beam in the picture tube is made possible
by the deflection oscillator stages in the receiver. As illustrated in Fig,.
17-1, the deflection voltage generated by the vertical oscillator is coupled
to the vertical deflection amplifier, which supplies the amount of current
needed for the vertical scanning coils in the yoke mounted on the picture
tube. Similarly, the horizontal oscillator praduces the deflection voltage
required for horizontal scanning. The deflection oscillators are able to
operate without any external signal. Therefore, they can produce scan-
ning with or without synchronizing signal input. In order to time the

Vertical i
N To vertical
\{sync deﬂgctron L deflection
input oscillator amplifier
60 cps
Current o Peak-to-peak

Horizontal To horizontat amplitude value
Hsync _| deflection deflection
input oscillator amplifier —

15,750 cps

Time —~

Fi1G. 17-1. The horizontal and vertical Fii. 17-2, The saw-tooth deflection wave-
deflection oscillators generate saw- form,

tooth voltage for scanning.

+

scanning correctly with respect to the transmitted picture information,
however, synchronization of the deflection oseillators is necessary. The
deflection oscillator stage is often called a deflection generator, sweep
oscillator, saw-tooth oscillator, or saw-tooth generator.

17-1. Saw-tooth Deflection. The saw-tooth waveform is required for
scanning because it has a linear rise in amplitude to deflect the electron
beam at uniform speed for the linear trace, with a sharp drop in amplitude
for the fast retrace, as illustrated in Fig. 17-2. Note that the saw-tooth
scanning current is an a-c wave. The electron beam is centered by posi-
tioning controls, and the a-c saw-tooth current in the deflection coils
deflects the beam away from center. Zero amplitude on the saw-tooth

330
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deflecting wave is the time when the beam is undeflected, at the center.
If positive polarity of the saw-tooth wave for horizontal deflection moves
the beam toward the right, negative polarity deflects to the left. Simi-
larly, if positive polarity of the saw-tooth wave for vertical deflection
moves the beam downward from center, negative polarity deflects
upward. The electron beam is at the extreme positions at the left and
right sides, or top and bottom, of the raster when the saw-tooth deflection
wave has its peak negative and positive amplitudes. The peak-to-peak
amplitudes of the a-c saw-tooth current in the horizontal and vertical
deflection coils determine the width and height of the raster.

17-2. Neon-tube Saw-tooth Oscillator. Figure 17-3 shows an oscil-
lator circuit that generates saw-tooth voltage output. The eircuit uses an
RC network with a gas tube in parallel with the condenser.  The gas tube
is the neon cold-cathode glow type. Unless the voltage across the tube is
great enough to ionize the gas in the tube it has almost infinite resistance,
acting as an open circuit. When the tube potential becomes great

+ R
B\ 5 o . _ ¢lonizing potential
ok Nendy b e _ _Extinction potential
0
o1

Time —>

Fic. 17-3. Neon-tube saw-tooth oscillator.

enough to ionize the gas, the tube becomes a low resistance because of the
ionization current. The tube remains ionized for voltages very much
less than the value required to ionize the gas, but when the tube voltage
becomes too low the gas deionizes, current flow ceases through the tube,
and it becomes an open circuit. The potential at which the gas ionizes
and conduction begins in the tube is the ionizing potential, often called
the striking or firing potential. 'The voltage at which deionization takes
place is the deionizing or extinction potential. The tube can be con-
sidered as a switeh that is closed when the gas is ionized and opens with
deionization.

When d-¢ voltage is applied to charge the condenser  through the
series resistance R in Fig. 17-3, the condenscr charges to the supply volt-
age with the exponential charging curve shown, at a rate determined by
the RC time constant. If the ionizing potential is 90 volts for the neon
tube used, the tube will ionize at the time when the capacitor is charged to
90 volts, since the condenser voltage is applied directly across the tube.
During the time it takes for the condenser to charge to 90 volts the tube is
deionized and is in effect an open circuit, allowing the condenser to charge
as though the tube were not in the circuit. When the voltage across the
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condenser reaches 90 volts, however, the tube ionizes to become a low-
resistance path for condenser discharge. The condenser then discharges
very rapidly through this relatively short time-constant circuit, and the
voltage across the condenser declines toward zero. When the condenser
voltage is down to the extinction potential, the voltage across the tube is
not great enough tomaintainionization and the gasdeionizes. Deionized,
the tube is an open circuit. The condenser then begins again to charge
toward the d-c supply voltage. The condenser voltage rises along the
normal RC charge curve to the firing potential and falls as the condenser
discharges rapidly through the low-resistance path of the ionized tube.
This process continues as long as the d-¢ supply voltage is maintained, to
produce saw-tooth voltage output across the condenser.

The frequency of the saw-tooth wave is the rate of repetition per second
of a complete cycle, which includes a voltage rise and fall.  The frequency

01t 300 }----mF =S
250 lonizing
£ 200 potential
3 ___Bsupply voltage | ~
> 150 p-= === e g ___y~lonizing potential
_ 1 _—Extinction #Extinction potential
potential
Time —> Time —»
(a) (b)

Fic. 17-4. Effcet of B supply voltage on lincarity of outpul irom gas-tube saw-tooth
oscillator. Increasing the supply voltage improves the linearity. (a) 150-volt supply.
(b) 300-volt supply.

can be varied by changing the supply voltage, the R(' time constant, or
by using a tube with a different ionizing potentisl. Varying the time
constant changes the amount of time required for the condenser to charge
to the ionizing potential. A shorter time constant reduces the time
required to build up to the tube’s ionizing potential, increasing the fre-
quency, while a longer time constant decreases the frequency. N ormally,
the frequency is varied by using the variable resistor R to vary the RC
time constant of the charging circuit. Various values of condensers can
also be used in a switching arrangement to provide a rough adjustment of
frequency.

The linearity of the voltage rise across a condenser can be improved by
using only a small part of the normal exponential RC charge curve. If a
higher supply voltage is used, the condenser voltage can still charge to the
required value while using only the initial linear portion of the charge
curve. As illustrated in Fig. 17-1, when 300 volts is used instead of 150
volts for supply voltage, the condenser can charge up to 90 volts while still
on the linear portion of the charge curve, because 90 volts is now a smaller
percentage of the applied voltage. If the charging time is restricted to
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the initial 40 per cent of the charge curve, the departure from lincarity on
the voltage rise will be no more than 1 per cent.

17-3. Blocking Oscillator and Discharge Tube. Figure 17-5 shows
how a vacuum tube can be used, instead of a gas tube, as a discharge tube

Sawtooth
i Discharge voltage
Blocking
oscillator tube @ output

Grid
voltage

F1a. 17-5. Blocking oscillator grid voltage driving discharge tube to produce saw-tooth

voltage output across saw-tooth condenser (" in plate of discharge tube. Shaded area

in grid-voltage waveform indicates when the discharge tube conducts.

in parallel with the condenser C to produce saw-tooth voltage output.
The plate circuit of the discharge tube has the RC network for producing
saw-tooth voltage output across C, which is often called the saw-tooth
condenser. However, the discharge tube needs voltage from the blocking
oscillator. The grid voltage ap-

plicd by the blocking oscillator Cutoft t 4—Conduction
keeps the discharge tube cut off + L H

i 3 i 0 n Jime
for a relatively long period of time Cutoff = ——
and then makes the discharge tube Gid / /
conduct for a short time. During  voltage

the time the grid voltage is more (a)
negative than cutoff, the discharge
tube cannot conduct plate current
and is effectively an open circuit.
While the discharge tube is cut off,
therefore, the saw-tooth condenser (%)

l-Trace Retrace

Plate
voltage 0

Time —>

C in the plate circuit charges Fic. 17-6. The positi\'e_ pulse of grid
ard  th 1 | voltage produces tlyback in the saw-tooth
toward the B supply voltage, yave: cutoff corresponds to the linear

through the series resistance f2, to
produce the linear rise on the saw-
tooth voltage wave. When the

rise on the saw-tooth wave for the trace.
(a) Grid voltage of bloeking oscillator
and discharge tube. (b) Plate voltage of
discharge tube.

grid voltage drives the discharge

tube into conduction, its plate-to-cathode circuit becomes a low resistance
equal to the plate resistance of the tube. Then the saw-tooth condenser
discharges quickly from cathode to plate through the discharge tube,
producing the rapid fall in voltage for the flyback on the saw-tooth
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voltage wave. Therefore, by applying narrow positive pulses to the grid
of the discharge tube and keeping it cut off between pulses, a saw-tooth
wave of voltage is produced in the output. Figure 17-6 illustrates how
the linear rise of voltage in the output corresponds to the time when the
grid is more negative than cutoff, while the flyback time coincides with
the positive grid pulse, resulting in a saw-tooth wave of voltage output
from the discharge tube with the same frequency as the grid pulses from
the blocking oscillator.

Blocking Oscillator Circuit.  Figure 17-7 shows the schematic diagram
of the blocking oscillator circuit that supplies the grid voltage for the dis-

B+

Fi1a. 17-7. Blocking oscillator ecircuit
diagram.

Fre. 17-8. Horizontal blocking oscillator transformer.
Primary-to-secondary turns ratio 2:1. Physical dimensions
are 113 in. X 244 in. X 134 in. high. (Standard Trans-
Sformer Corporation.)

charge tube. The blocking oscillator transformer 7 is connected to pro-
duce grid feedback voltage with the polarity required to reinforce the
grid signal and start oscillations. When the grid is driven positive, grid
current flows, developing grid-leak bias approximately equal to the feed-
back voltage. This regenerative circuit ordinarily would oscillate with
continuous sine-wave output at the natural resonant frequency of the
transformer, depending on its inductance and stray capacitance. How-
ever, the transformer has a low Q and the R,C. time constant of the grid
circuit is made long enough to allow the grid-leak bias to block the tube,
cutting off plate current. The tube remains cut off until the grid cou-
pling condenser C. can discharge through the grid resistor R, to the point
where the grid bias voltage is less than cutoff and plate current can flow
again to provide feedback signal for the grid. As a result, the circuit
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operates as an intermittent or blocking oscillator. A typical blocking
oscillator transformer is shown in Fig. 17-8.

One sine-wave cycle of high amplitude is prodiced at the blocking rate,
as illustrated in Fig. 17-9. The succeeding sine waves shown in dotted
lines do not have enough amplitude to overcome the grid-leak bias block-
ing the oscillator. The number of times per second that the oscillator
blocks and produces the high-amplitude pulse is the pulse repetition fre-
quency. This frequency is determined by the R,C. time constant. Ior
a horizontal deflection oscillator the values of R, and (', allow the blocking
oscillator to operate with a pulse repetition frequeney of 15,750 cps; a
vertical blocking oscillator operates at G0 eps.

Conducting time
e
le—— Cutoff time —
One cycle of -
R,C, blocking g “ f\
S B+
&
=
0
N
Aoy
WAVE 0
\/ @ N B I & S
\Transformer g ©
oscillations s -
° R,C. discharge (
S

FiG. 17-9. Output of blocking oscillator.  Fic. 17-10. Plate-and-grid-voltage wave-
Each cycle consists of a high-amplitude  forms of blocking oscillator.

pulse at the blocking rate followed by sev-

eral low-amplitude oscillations.

The total grid voltage of the blocking oscillator, with the pulses and
grid-leak bias, is shown in Fig. 17-10. Note that the blocking oscillator
grid voltage is exactly the wave shape needed to operate the discharge
tube. The narrow positive pulses drive the discharge tube into conduc-
tion, allowing the saw-tooth condenser voltage in the plate of the dis-
charge tube to drop sharply for the flyback. The negative grid voltage
beyond cutoff keeps the plate current of the discharge tube cut off for a
relatively long time between pulses so that the saw-tooth condenser volt-
age can rise toward the B supply voltage for the linear rise on the saw-
tooth wave. The frequency of the saw-tooth voltage output from the
plate circuit of the discharge tube is the same as the blocking oscillator
frequency. Also, the flyback time on the saw-tooth wave corresponds to
the width of the pulse from the blocking oscillator, since the saw-tooth
condenser can discharge only while the blocking oscillator pulse makes the
discharge tube conduct.
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Blocking Oscillator Action. In analyzing the operation of this cirecuit,
the waveform of instantaneous grid-voltage variations can be considered
in two parts. One is the feedback signal voltage developed across the
transformer secondary by a change in primary current. The other is bias
voltage developed when the feedback signal drives the grid positive to
cause the flow of grid current and charging of the grid condenser. This
bias voltage can increase rapidly as grid current flows through the tube to
charge the condenser when the positive signal voltage increases, but must
decrease relatively slowly as the condenser discharges through the grid-
leak resistance when the feedback signal voltage decreases. The instan-
tancous grid voltage at any instant is equal to the sum of the bias and the
signal drive voltage across the sccondary of the feedback transformer.
The grid signal voltage caused by feedback can drop to zero instantane-
ously when the feedback ceases, but the bias cannot.

The cycle of operations can be followed from the time power is applied.
Plate current flows immediately because, initially, there is no bias in the
grid-leak bias arrangement. Since the plate current flows through the
primary of the coupling transformer, this increase in current from zero
induces a voltage across the secondary which is coupled to the grid circuit.
The windings are poled so that this feedback voltage drives the grid posi-
tive, drawing grid current and developing a bias approximately equal to
the signal swing. As the plate current increases, positive signal voltage
is induced across the secondary to maintain the grid voltage at approxi-
mately zero. It must be noted now that the voltage induced across the
secondary of the transformer is dependent upon the rate of change of the
flux produced by the primary current. As soon as the rate of change of
the expanding magnetic field decreases, the result either of saturation of
the transformer or of plate-current saturation, the positive feedback signal
voltage decreases in magnitude. Since the bias cannot change instan-
taneously, the instantaneous grid voltage is now more negative, decreas-
ing the plate current. With the decrease in plate current the trans-
former’s magnetic field collapses, inducing a voltage across the secondary
of opposite polarity from the feedback obtained when the plate current
was increasing, and the grid is driven more negative. The effect of
decreasing the plate current is thus amplified to cut off the flow of plate
current very rapidly, and a large negative swing of signal voltage is devel-
oped across the secondary by the rapidly collapsing field, produciug the
extreme negative voltage beyond cutoff on the grid waveform shown in
Fig. 17-10.

When plate current ceases there is no feedback signal. The grid volt-
age then consists only of the bias, which declines in value, following the
typical exponential RC discharge curve. After a period of time that
depends on the R,C. grid time constant, the bias is reduced to a value
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equal to the grid cutoff voltage, allowing plate current to flow again, and
the complete cycle is repeated. The time consumed by the rise and decay
of plate current, which is equal to the width of the positive grid pulse, is
determined by the inductance and capacitance of the transformer. The
time between pulses is determined by the grid £, (. time constant.
Blocking Oscillator and Discharge Tube Circuits. Figure 17-11 shows a
saw-tooth generator circuit for horizontal deflection, using a twin triode
for the blocking oscillator and the discharge tube. The 820-puf grid
coupling condenser C. and the variable 50,000-ohm grid resistor K, allow
the oscillator to operate at the horizontal line frequency of 15,750 cps.
The grid of the oscillator is connected directly to the grid of the discharge
tube. Therefore, the oscillator and discharge tube grid voltage con-
sists of short positive pulses followed by relatively long periods of cutoff.

B+ Blocking Discharge
oscillator\> < tube
O
6SN7 J_ Te deflection
amplifier
T == C. - - < C
o N Bo [00014 ]
Apt -
Sync R,
input 50k
i B+
A -

Fie. 17-11. Blocking oscillator and discharge tube circuit. Component values given
are for horizontal deflection oscillator, but the same circuit can be used with different
components for vertical deflection oscillator.

The 0.001-uf condenser C between plate and cathode of the discharge
tube is the saw-tooth condenser. As the blocking oscillator goes through
a cycle, C charges toward the B supply voltage through the series resistor
R for the linear rise on the saw-tooth wave while the discharge tube is held
cut off by the oscillator grid voltage. When the oscillator conduects,
developing a sharp positive pulse of grid voltage, the discharge tube also
conducts. Then the saw-tooth condenser discharges rapidly through the
low resistance of the discharge tube and the voltage across € drops
rapidly to produce the flyback on the saw-tooth wave. The saw-tooth
voltage output is then coupled to the horizontal deflection amplifier.
Although this diagram illustrates a horizontal deflection generator, the
same cireuit can be used for the vertical deflection gencrator, with differ-
ent values of the components to operate at the ficld frequency of 60 cps.

Referring to Fig. 17-11, note that the grid and cathode voltages of the
discharge tube are the same as in the blocking oscillator. Therefore,
the blocking oscillator itself can function as the saw-tooth generator by
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connecting the saw-tooth condenser in the plate of the oscillator. Figure
17-12 shows the diagram of a blocking oscillator and discharge tube com-
bined in a single triode. The values of the components shown are for a
vertical deflection oscillator but the same circuit can be used as a hori-
zontal deflection oscillator with different values. The stage is essentially
a blocking oscillator. Towever, the saw-tooth condenser C is in the
oscillator plate circuit instead of using a separate discharge tube. Since
the oscillator grid voltage pulses the tube into conduction for short periods
of time, followed by relatively long periods of cutoff, the voltage across
('is a saw-tooth wave of voltage at the frequency of the oscillator. While
the tube is cut off by its blocking action, the saw-tooth condenser charges
through the plate load resistor R toward the 3 supply voltage. R is made
variable to adjust the amplitude of the saw-tooth voltage output. When

Blocking osciliator

i . °
ani}scharge tube 005 /‘f_L /\/To def;g;g:tion
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F1g. 17-12. Blocking oscillator and discharge tube circuit combined in one stage.
Component values given are for vertical deflection oscillator, but same circuit can be
used with different components for horizontal deflection oscillator.

plate current flows during the positive grid pulse, C discharges from
cathode to plate through the tube and through the plate winding of the
transformer. The discharge current of (' is in the same direction as nor-
mal plate current during oscillator conduction. The frequency of the
saw-tooth voltage output is the frequency of the blocking oscillator,
which depends upon the grid circuit 2,C, time constant. R, is made
variable to adjust the frequency. This type of blocking oscillator and
discharge tube circuit is commonly used because it eliminates the addi-
tional stage required for a separate discharge tube. However, the fre-
quency and amplitude controls are more independent of each other with
separate stages for the blocking oscillator and discharge tube, and the
amount of saw-tooth voltage output is greater.

17-4. Synchronizing the Blocking Oscillator. The blocking oscillator
is easily synchronized by small positive pulses injected in the grid circuit
to trigger the oscillator at the frequency of the synchronizing pulses.
The sync is applied in series with the grid winding of the transformer so
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that the positive synchronizing voltage can cancel part of the negative
grid voltage produced by the oscillator.  The synchronizing action is
illustrated in Fig. 17-13.  "The positive synchronizing pulses arriving at
the times marked S in the figure, when the declining negative grid voltage
is just approaching cutoff, will be enough to drive the grid voitage momen-
tarily above cutoff. As soon as plate current starts to flow, the oscillator
goes through a complete cycle. With another positive pulse of syn-
chronizing voltage applied at a similar point of the following cycle, the
oscillator again begins a new cycle at the time of the pulse. As a result,
the synchronizing pulses force the oscillator to operate at the sync
frequency.

The frequeney of the oscillator without any synchronizing voltage is
called the free-running frequency; the synchronized oscillator frequency
is the forced frequency. The free-running frequency of the oscillator
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must be set lower than the synchronizing frequency, so that the syne
pulses will drive the grid voltage in the positive direction at the time
when the oscillator is ready for triggering. This is the time when the
grid bias has declined practically down to cutoff by itself, and needs only
a slight additional positive voltage to start the flow of plate current
and the beginning of a cycle. A positive synchronizing pulse that occurs
in the middle of the oscillator cycle must have a much higher value to
drive the grid voltage to cutoff. The peak negative swing of the grid-
voltage wave may be more than 200 volts, but toward the end of the cycle
a few volts of positive synchronizing voltage can be enough to trigger the
oscillator and lock it in at the synchronizing frequency.

Synchronizing voltage of negative polarity in the grid cannot trigger the
blocking oscillator.  Also, the oscillator cannot be triggered if the free fre-
quency is slightly higher than the synchronizing frequency, because then
the synchronizing pulses will occur after the oscillator has started to con-
duct by itself and they will have noeffect. Operating the oscillator at the 1

B |
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same frequency as the synchronizing pulses does not provide good trigger-
ing because the oscillator frequency can drift above the syne frequency,
resulting in no synchronization for part of this time. For best synchroni-
zation, the free-running oscillator frequency is adjusted slightly lower
than the forced frequency, so that the time between sync pulses is shorter
than the time between pulses of the free-running oscillator. Then each
synchronizing pulse occurs just before an oscillator pulse and forces the
tube into conduction, therehy triggering every cycle to hold the oscillator
locked in at the sync frequency.

The triggering action can be made less sensitive to noise pulses by
applying a small positive voltage to the blocking oscillator grid, instead
of returning it to chassis ground. With the added positive voltage on
the grid, the negative bias declines to cutoff sooner and approaches the
cutoff voltage with a sharper slope, as a smaller part of the R,C, discharge
curve is used. Because of the sharper slope of the declining negative
grid voltage, an interfering noise pulse occurring just before the syn-
chronizing pulse must have much more amplitude to trigger the oscillator.

17-5. Multivibrators. The multivibrator is frequently used in tele-
vision as a saw-tooth generator. The basic multivibrator circuit is shown
in Fig. 17-14. This is a two-stage resistance-coupled amplifier with the
output of the second stage coupled back to the input of the first stage.
Since each amplifier produces a 180° phase inversion of its input signal,
the feedback voltage is in the same direction as the input grid signal and
oscillations can take place. The multivibrator oscillator is used in many
applications because it is a compact, economical circuit that is easily
synchronized and can produce various useful waveforms. Its many uses
include audio oscillator, frequency divider, saw-tooth generator, elec-
tronic switch, and square-wave generators.

Plate-coupled Multivibrator. When supply voltages are applied to the
multivibrator of Fig. 17-14, plate current begins to flow in both tubes
and the circuit immediately begins oscillating. The amount of plate-
current flow cannot be identical for the two tubes even if both use the
same supply voltage and have plate load resistors of the same size. No
matter how small this difference in plate current may be, it is immediately
amplified to produce the result of one tube conducting while the other is
cut off. Assume that tube 1 in Fig. 17-14 conduets slightly more than
tube 2 when plate voltage is applied, driving the grid of tube 2 slightly
more negative. This negative signal is amplified and inverted to provide
feedback that drives the grid of tube | more positive, which in turn allows
the first tube to drive the grid of tube 2 still more negative. The ampli-
fication of the unbalance in the stage takes place almost instantaneously
to drive the grid of tube 2 to cutoff immediately. The tube remains cut
off for a period of time that depends upon the R.C; grid time constant.
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As the coupling condenser discharges through the grid resistor, the grid
voltage declines towards zero. As soon as the grid voltage is reduced to
less than cutoff bias, plate current begins to flow and the other tube is
driven to cutoff. Thus, the slight initial unbalance sets up a regenerative
switching action with first one tube conducting and then the other. One
tube conducts for a period equal to the time during which the other is cut
off.

In analyzing the plate and grid waveforms shown in Fig. 17-15, the fol-
lowing fundamental properties of vacuum-tube circuits are reviewed as an
aid in following the multivibrator action:

1. When the grid is driven in the positive direction, plate current
increases and the plate-to-cathode voltage decreases because of the volt-
age drop across the plate load resistor, which is in series with the tube

Tube 1 Tube 2
==
Ci —\ c R
0.001 uf| L (C2 Lz
g ! 0.001 uf 20k
: v
R /RLl R, [
100k eﬂl 50k 100k
Bt ' g+
300 volts 300 volts

Fi1G. 17-14. Basic multivibrator eireuit.

across the B supply. With the grid driven negative, plate eurrent
decreases and the plate-to-cathode voltage increases. When the tube is
cut off, its plate-to-cathode voltage is equal to the B supply voltage, since
there is no I? drop across the plate load.

2. When the plate-to-cathode voltage decreases, the plate signal volt-
age is in the negative direction because it is going less positive. The
decrease in voltage across the RC grid coupling circuit allows the coupling
condenser to discharge, producing a negative signal across the grid
resistor.  When the plate-to-cathode voltage increases, the coupling con-
denser charges from the B supply, producing a positive signal voltage
across the grid resistor.

3. The coupling condenser cannot charge or discharge instantaneously,
but is limited to a rate determined by the time constant of the capacitance
and scries resistance.  When charging voltage is instantaneously applied
across the RC circuit or instantaneously removed, the entire value of the
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change in applied voltage must appear instantaneously across the resistor.
The voltage across the resistor then declines in value as the condenser
charges or discharges.

Beginning at time A in Fig. 17-15, tube 2 has just been cut off because of
conduction in tube 1. Assume that 5 ma of plate current flows through
the 500,000-ohm plate load resistor of the first tube, producing a 250-volt
drop in plate voltage. Since the plate-to-cathode voltage applied across
the R.C; coupling circuit is reduced abruptly from 300 volts to 50 volts,
C. must discharge. Instantaneously, the entire 250-volt drop in applied
voltage is developed across I2;, with the grid side negative, cutting off
tube 2. As the coupling condenser
: : discharges, the voltage across R,
gCacharge  declines toward zero with the typi-

]
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. . stantaneously, with tube 1 now cut
FiG. 17-15. Plate- and grid-voltage wave- .
forms for the multivibrator in Fig. 17-14. off and tube 2 conducting, as shown
at time B in Fig. 17-15. The plate-
to-cathode voltage of the first tube, now cut off, rises immediately to the B
supply voltage, driving the grid of tube 2 positive. The coupling con-
denser C» charges rapidly through the low resistance of the grid-to-cathode
circuit of tube 2, and the grid voltage isreduced to zero very soon as the cou-
pling condenser becomes completely charged. The grid voltage for tube 2
remains at zero and zero-bias plate current flows in tube 2 as long as tube
1 remains cut off. Mecanwhile, the coupling condenser for the first tube,
(), is discharging through its grid resistor /2, and the negative grid volt-
age of tube 1 declines toward zero. When cutoff voltage is reached at
time € in the illustration, conduction begins again in the first tube, cutting
off tube 2 again to repeat the cycle. "The waveforms for both tubes are
exactly the same but displaced in time by 180°, since one tube is conduct-
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ing while the other is cut off.  The period of conduction for either tube is
equal to the cutoff time of the other tube. It is the change from cutofl
to conduction that initiates the switching operation.

The output voltage from either plate is a symmetrical square wave of
voltage as the plate voltage rises sharply to the B supply voltage, remains
at that value for a period of time equal to the cutoff time, and then drops
sharply to some low value resulting from plate-eurrent flow. The slight
departure from square corners is caused by charging of the coupling con-
densers. At the time A in Fig. 17-15, the coupling condenser (', charges
to the B supply voltage because of cutoff in the second tube.  The charge
path is from B— to the grid side of the condenser through the low
resistance of the cathode-grid circuit as the grid is driven positive and the
grid current flows and from the plate side of the coupling condenser
through the plate load resistor of the previous tube to the B supply. The
resistance of this path is relatively low; the time constant is short; and (',
rapidly charges to the supply voltage, reducing the grid voltage of tube 1
to zero. During the time C, is charging, the charging current flows
through the plate load resistor of tube 1 in the same direction as plate cur-
rent; although the tube is cut off, the plate voltage cannot rise to the sup-
ply voltage until the coupling condenser is completely charged. Also,
during the time C, is charging, the grid voltage for tube 1 is slightly posi-
tive and its plate current is more than the zero-bias plate current, reducing
the plate voltage below the value obtained with zero grid voltage after
the coupling condenser is completely charged. The coupling condenser
(5 charges at the time B in the figure, producing the same effects on the
wave shapes. On discharge, the coupling condenser discharges through
its grid resistor and the cathode-to-plate circuit of the previous stage,
which is conducting.

The time from A to C is one complete cycle, including a complete flip-
flop of operating conditions. The frequency may have an approximate
range from 1 to 100,000 ¢ps, depending primarily on the RC time constant
of the grid coupling circuits. The period of one cycle is exactly equal to
the sum of the cutoff periods of both tubes. While proportional to the
RC time constant, the period during which one tube is cut off also depends
on the amount of grid voltage required to cut off plate current in the tube,
the value of any additional bias used, and the amount of negative grid
voltage produced by the drop in plate voltage of the preceding tube when
it conducts. The amount of negative swing produced by the drop in
plate voltage is equal to the i,R. voltage drop. If these values are
known, the cutoff period for each tube can be calculated as the time it
takes the grid voltage to decline from its maximum negative value to
the value required to initiate plate-current flow, and the total time of one
cycle is equal to the sum of the cutoff periods for both tubes. The fre-
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quency in cycles per second is equal to the reciprocal of the period in
seconds.

Cathode-coupled Multivibrator. The multivibrator circuit in Fig. 17-16
is cathode-coupled because the coupling for feedback from tube 2 to tube
1 is obtained by means of the common cathode resistor Rx. Tube 1
drives tube 2 with the usual grid coupling circuit R.C:. Therefore, tube
2 can be cut off by conduction in tube 1 as C, discharges through R,
because of the first tube’s drop in plate voltage, just as in the conventional
plate-coupled multivibrator. Tube 1 is cut off by the cathode bias volt-
age produced across I?; when tube 2 conducts, since the plate current for
both tubes flows through 2. The
circuit oscillates as a free-running
multivibrator with first one tube
cut off and then the other.

When plate voltage is applied,
both tubes start to conduct. The
flow of plate current in tube 1
reduces its plate voltage, driving
the grid of tube 2 negative. The
Fig. 17-16. Cathode-coupled multivibra- PIZED GUHEIG i tUb.e 2 lS. re(_iuced
tor, using direct coupling between the hecause of the negative grid signal,
cathodes. The circuit can also be decreasing the voltage across R.

arranged with separate cathode resistors This allows tube 1 to conduct
and capacitive coupling between the two

Ty more plate current, driving the grid

of tube 2 more negative, and the
unbalance is amplified to drive tube 2 to cutoff almost instantaneously.
Tube 2 is held cut off during the time that the grid coupling condenser C,
discharges through R,, R, and the plate-to-cathode resistance of tube 1.
The negative grid voltage across R, declines exponentially with the normal
condenser discharge curve until the grid voltage for tube 2 has been reduced
to a value that allows plate-current flow. With the plate current of tube
2 now flowing through the common cathode resistor, the cathode bias for
tube 1 is increased, driving its grid negative. Plate current in tube 1 is
reduced because of the additional cathode bias, allowing its plate voltage
to rise toward the B supply voltage. The increase in plate voltage drives
the grid of tube 2 more positive as C; charges from the B supply through
the grid-to-cathode circuit of tube 2 and R,,. With tube 2 driven more
positive its plate current increases, and more bias is developed across R,
as the cathode voltage follows the applied grid voltage. The action is
cumulative and results in tube 1 being cut off almost instantaneously by
the plate current of tube 2. Tube 1 is held at cutoff for a period of time
that depends on how long it takes the coupling condenser C, to charge.

Tube 1 Tube'2
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As ', becomes charged, the grid of tube 2 becomes less positive and the
plate current of tube 2 is decreased.

It should be noted now that the grid of tube 1 is at ground potential,
since there is no coupling circuit to provide grid signal for the first tube.
Therefore, tube 1 remains cut off as long as the cathode bias exceeds its
cutoff voltage. When the cathode voltage drops below cutoff because of
decreasing plate current in tube 2 as C, charges, tube 1 can conduct again
and immediately cuts off tube 2 to repeat the cycle. Thus, the circuit
oscillates as a free-running multivibrator as each tube alternately con-
ducts to cut off the flow of plate current in the other tube. The period of
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Fia. 17-17, Vertical deﬁectlon oscillator using the cathode-coupled multivibrator, with
typical wave shapes. (Belmont Radio Corporation.)

time during which tube 2 is cut off depends upon the time constant on
discharge for the coupling condenser Ca. The period of cutoff for tube 1
depends upon the time constant on charge for Cs, and this can be made
very much shorter than the discharge time to provide unsymmetrical out-
put from the multivibrator. The reason why tube 2 is not cut off when
the increased voltage drop across Ry cuts off tube 1 is that this is the time
when the grid of tube 2 is being driven positive because of decreased plate
current in the first tube.

17-6. Multivibrator Saw-tooth Generator. An unsymmetrical multi-
vibrator can be used as a saw-tooth generator by connecting a saw-tooth
condenser across the plate-to-cathode circuit of the tube that is cut off
for a relatively long period of time and conducts for a short time. Figure
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17-17 shows a typical unbalanced cathode-coupled multivibrator circuit
which is often used as a deflection generator in television. The voltage
wave shapes at points A, B, C, D, and F in the circuit are also shown.

"The saw-tooth generator action in this unsymmetrical multivibrator is
much the same as in the blocking oscillator and discharge tube circuit,
with tube 1 corresponding to the blocking oscillator and tube 2 to the
discharge tube. The saw-tooth condenser is ('ss. While negative signal
from the first tube holds the second tube cut off for a relatively long time,
Cys charges to the B supply voltage through Rgs for the linear rise on the
saw-tooth voltage output. When the grid of the discharge tube is driven
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Fie. 17-18. Waveforms of grid voltage in multivibrator synchronized by negative
pulses. The oscillator is pulled in to the synchronizing frequency at time D.

positive, Cq discharges through Rs, and the low resistance of the plate-to-
cathode circuit of the triode for the rapid flyback. The variable resistor
Rssin the grid circuit of the vertical output stage is the vertical height con-
trol varying the amplitude of the signal input to the deflection amplifier.
The frequency of the oscillator is varied by means of the variable grid
resistor Rgs, which is the vertical hold control. Decreasing the grid
resistance reduces the period of cutoff for tube 2 to increase the free fre-
quency of the oscillator, and increasing Rs» lowers the frequency. The
multivibrator can be accurately synchronized, and the hold control is
adjusted to set the free frequency below the frequency of the synchroniz-
ing pulses so that the oscillator can be forced to lock in at the synchroniz-
ing frequency. While the deflection generator shown here is for vertical
scanning, the multivibrator is also used as a horizontal scanning generator.

17-7. Synchronizing the Multivibrator. The multivibrator can be
synchronized with trigger pulses of either positive or negative polarity.
A positive triggering pulse applied to the grid of a nonconducting tube
can cause switching action to take place if the pulse is large enough to
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raise the grid above cutoff voltage, as in the blocking oscillator. A nega-
tive triggering pulse applied to the grid of a conducting tube can syn-
chronize the multivibrator, provided that amplification of the pulse by
the conducting tube produces a positive pulse large enough to raise the
grid voltage of the nonconducting tube above cutoff.  As shown in Fig.
17-18, the negative trigger pulse applied to the grid of tube | at time .1
reduces its plate-current flow, but the amplified pulse is not large enough
to force tube 2 to conduct and no switching oceurs.  The negative trig-
ger pulses B and (' are completely ineffective because they are applied to
tube 1 while it is cut off. At time D), the amplified trigger pulse drives
tube 2 from cutoff into conduction, cutting off tube 1 as operating condi-
tions are switched in the two tubes. Note that it is not necessary for the
trigger pulse itself to cut off the conducting tube. The negative pulse
need only reduce plate current enough to produce a resultant positive
pulse having sufficient amplitude to drive the grid of the succeeding tube
above cutoff.

Just as in the blocking oscillator synchronization, the natural period of
the multivibrator oscillator must be greater than the interval between
synchronizing pulses. Then the pulses occur just before the natural
switching action would take place, when the oscillator is ripe for trigger-
ing. The trigger pulses force the multivibrator to switch earlier in the
cycle than it would if free running, and the oscillator is forced to lock in at
the synchronizing frequency. The cathode-coupled multivibrator saw-
tooth generator is usually synchronized with trigger pulses of negative
polarity applied to the grid of the tube that does not have the discharge
condenser, as shown in Fig. 17-17.

17-8. Saw-tooth Deflection Current. In magnetic scanning, deflection
of the electron beam is produced by varying the magnetic field associated
with the current flowing through the vertical and horizontal deflection
coils in the yoke mounted externally on the neck of the cathode-ray tube.
For linear scanning, the deflection current must rise linearly with time for
the trace and then fall rapidly to zero for the flyback. Therefore, a saw-
tooth wave of current is required. The voltage applied across the scan-
ning coil to produce this saw-tooth current will not be a saw-tooth wave
because the inductance opposes any change in current.

The voltage required for producing saw-tooth current through a pure
inductance has the rectangular wave shape shown in Fig. 17-19b. The
relatively long period of applied voltage produces the linear rise on the
saw-tooth wave of current. This constant voltage, applied instantane-
ously across the inductance, allows the current to build toward its maxi-
mum value with the same charge curve as the voltage across a condenser.
During the relatively short time when the applied voltage is reduced,
corresponding to the narrow pulse in the rectangular wave shape, the
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current decreases to zero. The inductive voltage must be reduced to
zero and reversed in polarity, producing a large pulse of opposite polarity
from the charging voltage, in order to provide a rapid flyback on the saw-
tooth current wave. In a purely resistive circuit, a saw-tooth applied
voltage produces saw-tooth current through the resistance, since there is
no lead or lag between the applied voltage and the current. Therefore,
the applied voltage required for an inductive circuit containing series
resistance that is appreciable when compared to the inductive reactance
will be some combination of the rectangular and saw-tooth wave shapes.

o 3
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b

Fia. 17-19. For saw-tooth current, the voltage across an RL circuit has the trapezoidal
wave shape shown in d.  (a) Saw-tooth current through RL eircuit. (b)) Rectangular
voltage across inductance. (¢) Saw-tooth voltage across resistance. (d) Combined
voltage across I and L in series.
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This is shown in d of IFig. 17-19, which is the sum of waves b and ¢. The
combined voltage has a (rapezoidal waveform and the negative peak is
called a sptke. Note that the linear rise on the trapezoidal voltage wave
provides the linear rise of saw-tooth current for the resistive component
of the LIt circuit, while the rectangular voltage with the negative peak is
for the inductive component.

The circuit used to produce the trapezoidal waveform of voltage is
shown in Fig. 17-20. This is the usual circuit for producing saw-tooth
voltage across a saw-tooth condenser C by means of a discharge tube
driven with positive pulses, with the addition of a peaking resistor R in
series with the condenser on charge and discharge. The typical value of
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4,000 ohms for R is small compared with the plate load resistor R, and
the voltage across the peaking resistor is relatively small when C is charg-
ing from the B supply through 2,. The long time constant of the charg-
ing circuit allows use of only the initial part of the charging curve, pro-
viding a charging current that is constant in amplitude. This constant
current develops a constant voltage of relatively small magnitude across
R. On discharge, though, the peaking resistance is large enough in com-
parison with the low resistance of the conducting discharge tube to
develop an appreciable voltage. When the discharge tube conducts, ¢
discharges rapidly, developing a large negative pulse of voltage across I2.
The voltages across 2 and C are in series with each other aeross the
plate-to-cathode circuit of the discharge tube, and the output voltage is
the sum of the saw-tooth voltage across (' and the peaked voltage across
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Fra. 17-20. Discharge tube with saw-tooth condenser and peaking resistor to generate
trapezoidal voitage wave shape required for saw-tooth current in an RL circuit.

. As shown in the figure, the sum of these two voltages produces the
trapezoidal voltage waveform required for saw-tooth current through an
inductive-resistive circuit.

It should be noted that the peaking resistor provides the voltage peak
required for the inductive component of the load circuit.  With different
values for the peaking resistor, different amounts of peaked voltage can
be obtained in the output voltage waveform. Where inductance pre-
dominates in the RL load circuit, a relatively large value of peaking resist-
ance is necessary to provide large voltage peaks. Where the load circuit
has more resistance, a smaller voltage peak and smaller peaking resistor
are necessary for saw-tooth current in the load. For the extreme case
where the load is entirely resistive, no voltage peak is necessary, the
required value of peaking resistor is zero, and the discharge tube becomes
the usual saw-tooth voltage generator.

The ratio of resistance to inductance in the load circuit for the deflee-
tion oscillator depends upon the output tube and the deflection coils.
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With an output tube having a high plate resistance, R, can be large
enough to make the circuit a resistive load for the generator, since the
deflection amplifier’s internal plate resistance is effectively in series with
the inductive plate circuit. Then saw-tooth voltage from the deflection
generator will produce saw-tooth current in the scanning coils. A low-
resistance tube for the deflection amplifier allows the inductance to pre-
dominate and peaking is necessary in the deflection oscillator to produce
the trapezoidal voltage waveform required for saw-tooth current in the
resistive-inductive circuit. In more practical terms, a pentode or beam
power tube for the deflection amplifier has a high plate resistance and,
therefore, can produce saw-tooth current in an inductive plate circuit
with saw-tooth grid voltage, as the instantaneous values of plate current
are relatively independant of plate voltage. A triode deflection amplifier,
which has a low R,, needs trapezoidal grid voltage for saw-tooth plate
current because the instantaneous values of plate current depend upon
plate voltage.

17-9. Deflection Controls. Variable controls are provided to adjust
the amplitude, linearity, and frequency of the saw-tooth deflection cur-
rent or voltage. The horizontal and vertical amplitude controls adjust
the size of the raster to provide the height and width required for the cor-
rect aspect ratio of 4:3. Incorrect setting of the width and height con-
trols is shown in Figs.17-21 and 17-22. The oscillator frequency controls
are adjusted to set the free-running frequency of the deflection oscillator
slightly below the synchronizing frequency, so that the synchronizing
voltage can lock in the oscillator to hold the picture still. For this reason
the deflection oscillator frequency control is often called the hold control.
The linearity controls in the deflection amplifier circuits adjust the linear
rise for the trace part of the saw-tooth deflection wave, to eliminate
crowding and spreading of the picture information on the scanning raster.
The linearity and size controls are usually screw-driver adjustments on
the rear apron of the chassis, since they normally require no change after
being set up correctly. The vertical and horizontal hold controls are
often brought out to the front of the receiver as front-panel operating
controls, so that they can be easily readjusted to make the oscillator pull
into synchronization and hold the picture still if the syne is temporarily
interrupted.

Height Conirol. 'The variable resistor R in the plate circuit of the verti-
cal blocking oscillator and discharge tube circuit in Fig. 17-12 illustrates a
typical vertical height control. The same arrangement of a variable
resistance in series with the vertical saw-tooth condenser can be used for
the height control in the multivibrator deflection oscillator. By adjust-
ing the resistance of R, the time constant of the charging circuit for the
saw-tooth condenser is varied to control the amplitude of the voltage rise
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on the saw-tooth wave. The peak-to-peak amplitude of the vertical
saw-tooth wave determines the amount of vertical deflection on the
kinescope sereen, which is the height of the raster.

16, 17-21. Insuflicient height,  (Philco Corporation.)

Fic. 17-22. Insuflicient width. (Philco Corporation.)

Changing the time constant of the charging circuit for the saw-tooth
condenser changes the amplitude of the output because the rate of charg-
ing varies, resulting in a different amount of voltage across the saw-tooth
condenser by the time the blocking oscillator pulse produces discharge.
This is illustrated in Fig. 17-23. Increasing the resistance of the height
control makes the saw-tooth condenser charge more slowly, redueing the
amplitude of saw-tooth voltage available before discharge begins.  With
a shorter time constant, the suw-tooth condenser charges more rapidly to
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produce a higher voltage. Note that the frequency of the saw-tooth
voltage output is the same as the blocking oscillator frequency because the
saw-tooth condenser discharges at the repetition rate of the oscillator
pulses. Unless a separate discharge tube is used, however, the oscillator
frequency varies slightly when the height control is adjusted, as the
change in plate voltage results in a different value of grid cutoff voltage
for the oscillator.

The size and linearity of the saw-tooth voltage output depend upon the
RC time constant of the saw-tooth condenser and charging resistance in
the plate circuit of the discharge tube. Typical values are about 680 uuf
for the horizontal saw-tooth condenser, with 0.5 megohm of charging
resistance, providing a time constant of 340 usec. This is approximately
five times longer than the horizontal-line-scanning period of 63.5 usec,
resulting in saw-tooth voltage amplitude about one-fifth the B+ voltage,
or 60 volts peak to peak with a B supply voltage of 300 volts. TFor a
vertical saw-tooth condenser of 0.05 uf capacitance and 2 megohms of

B+t
Short RC Fia. 17-23. Effect of varying the RC time
Voltage constant on charge for the saw-tooth
across condenser. Shorter time constant allows
sawtooth higher amplitude but poorer linearity.
condenser A/ NS Longer time constant allows better
0 ,/1\ -~ - linearity but lower amplitude.
T .
Long RC Time

charging resistance, the time constant is 0.1 sec. This is six times the
vertical field-scanning period of 0.016 sec, approximately, resulting in saw-
tooth voltage amplitude one-sixth the B4 voltage, or 50 volts peak to
peak with a B supply voltage of 300 volts.

Width Control. The width control for varying the amplitude of the
horizontal saw-tooth deflection wave to adjust the width of the raster is
usually in the output circuit of the horizontal deflection amplifier. The
amplitude of the output from the horizontal deflection oscillator is not
made adjustable in receivers using the flyback type of high-voltage sup-
plv, because it would change the amount of high voltage for the kinescope
anode.

Vertical Iold Control. This varies the free-running frequency of the
vertical deflection oseillator.  The frequency can be adjusted by means of
a variable grid resistor, as illustrated by &, in the blocking oscillator cir-
cuit in Fig. 17-12.  The same arrangement is used in the multivibrator
circuit in Fig. 17-17, where the vertical hold control Rs; is a variable resis-
tor in the grid of the triode with the saw-tooth condenser in the plate
circuit. In order to synchronize the oscillator, the free-running frequency
must be set lower than the synchronizing frequency. The greater the
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difference between the two frequencies, however, the more synchronizing
voltage required to lock in the oscillator. Therefore, the vertical hold
control is adjusted to set the free frequency of the oscillator below 60 ¢ps
by the amount that allows the available synchronizing voltage to be just
cnough to trigger the oscillator. This is done by watching the picture on
the kinescope screen. The vertical hold control is adjusted to make the
picture stop rolling vertically and hold in frame, as the vertical oscillator
is locked in at the 60-¢ps synchronizing frequency.

Horizontal Hold Control. This can be a variable grid resistor to vary
the free-running frequency of the horizontal deflection oscillator, similar
to the vertical hold control. However, when the horizontal deflection
oscillator has automatic frequency control the horizontal hold control may
be in the control-tube circuit. In either case, the horizontal hold control
is adjusted to make the picture stop tearing apart in diagonal segments
and hold horizontally, as the horizontal oscillator is locked in at the
13,750-cps synchronizing frequency.

17-10. Automatic Frequency Control. A deflection oscillator triggered
by individual synchronizing pulses for each cycle is capable of providing
exact synchronization, if there is no noise interference. Ilowever, inter-
fering noise pulse voltages of approximately the same amplitude as the
sync voltage can be mistaken for synchronizing pulses and trigger the
oscillator, especially at the time of the oscillator eycle just before the
desired syne pulse occurs, causing loss of synchronization. In order to
make the synchronization more immune to noise pulse voltages, a-f-¢ cir-
cuits for the deflection oscillator have been developed. These are gen-
erally called a-f-¢, flywheel sync, or stabilized sync circuits. Practically all
television receivers have a frequency-stabilizing circuit for the horizontal
deflection oscillator. Automatic frequency control can be applied to the
vertical deflection oscillator also but is not generally used because the
filter time constant required to provide a d-¢ control voltage proportional
to the average vertical syne frequency would have to be relatively large
and the circuits would take too long to pull into synchronization. In
addition, the vertical sync eirenit is not so susceptible to interference from
noise pulse voltages because of the comparatively large integrating
condenser.

The typical arrangement of an a-f-c circuit for the horizontal deflection
oscillator is illustrated in Fig. 17-24. The operation can be considered
in three steps:

1. Horizontal sync voltage and a fraction of the horizontal deflection
voltage from the scanning circuits are coupled into the frequency-compar-
ing circuit, which can produce a d-c¢ output voltage proportional to the
difference in frequency or phase between the two input voltages. This
d-c control voltage s used to hold the deflection oscillator at the average
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syne frequency, instead of triggering each eycele with individual pulses.
The greater the difference in frequeney between the oscillator frequency
and the synchronizing frequency, the larger the control voltage.
2. The d-¢ control voltage is filtered by an RC circuit so that rapid
noise pulses cannot change the value of the control voltage appreciably.
3. The filtered d-e¢ control voltage changes the frequency of the deflec-
tion oscillator by the amount necessary to make the scanning frequency

Sync
voltage
y
gﬁ‘::,?ﬁy D-C contro} | Deflection To deflection
N circuitg 'R“C'L' [ voltage | oscillator amplifier
filter
L ¢ Deflection

voltage
Fic. 17-24. Block diagram of a-f-¢ ¢ircuit for horizontal deflection oscillator.
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the same as the syne frequency.  With a multivibrator or blocking oseil-
lator, the d-¢ control voltage is coupled directly to the grid of the deflec-
tion oscillator to correct its frequency. Making the grid more positive, or
less negative, increases the frequency, as illustrated in Fig. 17-25. The
time between cycles is shortened when the grid has an added positive d-¢
voltage, as the grid cannot be driven so far negative and it takes less time
for the grid voltage to decay to the cutoff value. When the d-c control
voltage makes the grid more negative, the deflection oscillator frequency
decreases. The d-c¢ control voltage holds the oscillator at the sync fre-
quency, therefore, as the difference between the oscillator frequency and
the synchronizing frequency is measured by the control stage to produce
the required amount of correction voltage.

D-C Control Tube. The a-f-¢ circeuit in Fig. 17-26, which is generally
called Synchro-Guide, uses a triode amplifier as a control tube to produce



DERECTION OSCILLATORS 355

the d-c¢ control voltage for the grid of a blocking oscillator or multi-
vibrator deflection generator. The d-c control voltage is taken as the
voltage drop across the cathode resistor 123, filtered by C;. This cathode
voltage is directly coupled to the grid of the deflection oscillator to correct
its frequency. The amount of d-c¢ correction voltage produced by the
cathode resistor depends upon how much plate current flows. In order
to regulate the amount of plate current through the controi tube in
accordance with the difference between the syne and scanning frequencies,

Hor. sync
voltage input
B+
R,
Hold control
H'?r.
e oscillator
C, [
Cortrol '|EZ’
tupe = -
] = Cutoff }
C,
\ "
-: = . =
Locking Filtered d-¢ control

Sync Normal Sync 1=
too soon  control too late range = voitage
/V ) )

Hor. deflection
voltage input

(a) (b)
Fi1a. 17-26. D-C control tube for automatic control of horizontal oscillator frequency.

(a) Wave shapes at grid of control tube. The shaded area is effective in producing
plate current and control voltage. (b) Circuit arrangement.

the syne and scanning voltages are coupled to the control grid. The hori-
zontal sync voltage from the sync circuits is coupled by the condenser
(4, while ("5 is the coupling condenser for the scanning voltage taken from
the deflection circuit. The deflection voltage at the grid of the control
tube has a parabolic wave shape, like distorted half-sine waves, obtained
by integrating the horizontal saw-tooth voltage. The parabolic wave-
form is used because it has a sharper slope than the saw-tooth wave just
before the peak corresponding to the start of flyback. In some circuits, a
rectangular pulse from the horizontal output c¢ircuit may also be coupled
to the grid of the control tube, in order to provide a sharper slope just
after the peak on the deflection voltage, but this can be omitted when the
flyback is fast enough to provide the required slope.
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The combined grid voltage for the control tube then consists of the
horizontal sync pulses atop the peaks on the deflection voltage. The
amount of plate current that flows in the control tube depends upon how
much of the sync pulse is on the peak of the deflection voltage. The
width of the sync pulse on the peak of the deflection voltage varies with
the phase or frequency difference between the two input voltages. As
shown by the grid voltage wave shapes in Fig. 17-26a, when the phase
between the two input voltages changes, the grid voltage effective in
producing plate current varies. As a result, the average plate current
and the d-¢ control voltage across the cathode resistor vary with the
phasing of the syne and deflection voltages. With sync and scanning
voltages of the same frequency and phase, approximately one-half the
width of the syne pulse is on the deflection voltage peak to produce plate
current for the required amount of correction voltage. The remaining
one-half of the syne pulse occurs after the peak and produces the step
shown at the lower part of the deflection voltage. When the syne pulse
occurs too soon, because the scanning frequency is slightly lower, more
of the sync-pulse width is effective in producing plate current, resulting
in a greater positive d-c control voltage from the cathode of the control
tube to increase the oscillator frequency. If the scanning frequency is
higher than the sync frequency, less control voltage is produced, reducing
the oscillator frequency. As a result, the control tube keeps the hori-
zontal deflection oscillator locked in phase with the horizontal synchroniz-
ing pulses, as the correction voltage continuously corrects the oscillator
frequency.

The horizontal control-tube circuit usually includes the horizontal hold
control, which is R, in Fig. 17-26, and the locking-range control Cs. The
hold control varies the plate voltage and plate current of the control tube,
varying the amount of d-c control voltage produced in the cathode circuit,
to change the frequency of the oscillator. The locking-range control Cs
forms a capacitive voltage divider with C, for the sync voltage input and
with (s for the deflection voltage input, to adjust the amount of grid volt-
age applied to the control tube. This determines how far off the deflec-
tion oscillator frequency can be from 15,750 eps and still be pulled into
synchronization by the control tube.

The control-tube circuit is relatively immune to noise because interfer-
ing noise pulses that occur between synchronizing pulses cannot ordinarily
cause plate current to flow in the control tube. However, the sync pulse
amplitude must be constant so that the control voltage will vary only with
a change in phasing between the syne and scanning frequencies. Since
the amount of control voltage depends upon the portion of the sync pulse
that produces plate current, the Synchro-Guide circuit is often called a
pulse-width, pulse-time, or pulse-area control system.
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Horizontal Sync Discriminator. Figure 17-27 illustrates an a~f-¢ cir-
cuit with a sync discriminator, using the twin diode as a balanced detector
to produce d-¢ output voltage proportional to the difference in frequency
between the sync and deflection voltages coupled into the diseriminator.
The d-¢ control voltage then corrects the frequency of the oscillator, usu-
ally a cathode-coupled multivibrator. Push-pull synchronizing pulse
voltage from the sync circuits is coupled to the two diodes in opposite
polarities. [,C, couples the sync voltage input for diode | while R.C,
couples the sync voltage into diode 2. In addition, deflection voltage
from the horizontal output circuit is applicd to the two diodes as the
voltage developed across (4, in the same polarity for both diodes.

The polarity of the deflection voltage is chosen to make the slope of the

flyback voltage increase in the positive direction. As a result, the syne
1
Push-pull
Cs

VIV,
) Bl

Sync too Normal Sync too Ry Filtered d-c control
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IWV\’ voltage to grid of
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C, discriminator

Deflection
Diode voltage

i

H oscillator

(a) (b)

Fia. 17-27. Syne discriminator circuit for automatic control of horizontal osecillator
frequency. (@) Wave shapes of the two diode voltages. (b)) Cireuit arrangement,

pulses combine with the flyback voltage as illustrated by the wave shapes
in Fig. 17-27a. Each diode functions as a peak rectifier. When the
input voltages for the two diodes have the same peak value, both diodes
produce equal output. Since ('3 is in the cathode return cireuit to ground
of diode 1, it makes the d-c control voltage more positive with respect to
chassis ground, while diode 2 makes the control voltage across C'; more
negative. When the sync and scanning frequencies are the same, there-
fore, the d-c control voltage is zero. If the scanning frequency is too high,
the sync pulse will produce more peak voltage for diode 1 and less for
diode 2, resulting in positive d-c control voltage to decrease the multi-
vibrator frequency. If the oscillator frequency is too low, diode 2 will
produce negative d-c control voltage to increase the frequency. The syne
discriminator countinuously measures the difference in peak voltage, as a
result, to produce the d-¢ correction voltage that locks in the multivibrator
oscillator at the synchronizing frequency. There are usually no centrols
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to adjust in the sync discriminator stage, as the horizontal hold and lock-
ing controls are in the oscillator circuit.

Sine-wave Stabilizing Tuned Circuit. In many blocking oscillator and
multivibrator deflection generator circuits, an LC' tuned circuit is added
to stabilize the oscillator frequency by making the oscillator grid voltage
approach cutoff with a sharp slope. Figure 17-28 illustrates the LC
tuned circuit in a blocking oscillator. The multivibrator in Fig. 17-30
has a stabilizing tuned circuit, consisting of L and Cus. Referring to
Fig. 17-28a, note that the L.C tuned circuit is in the plate and grid circuits
of the blocking oscillator.  When the oscillator conducts, the plate cur-
rent shock-excites the tuned circuit to produce sine-wave oscillations.

Blocking
oscillator

Oscillator grid voltage

N4

Sine wave

Combined grid voltage
{a) (b

Fia. 17-28. Sine-wave stabilizing tuned circuit in blocking oscillator. (a) Circuit
arrangement. (b)) Grid waveforms. Dotted-line axis is cutoff voltage.

This sine-wave voltage is coupled to the grid, producing the combined
grid-voltage wave shown in Fig. 17-28b. The resultant waveform has a
much sharper slope as the grid voltage approaches cutoff because of the
sine wave added in the correct phase. The sharper slope as the grid
voltage approaches cutoff means that noise pulses or other interfering
voltages must have a much higher amplitude to have any effect on the
oscillator. As a result, the oscillator is stabilized to minimize frequency
changes that might be produced by undesired voltages. The inductance
in the stabilizing tuned circuit for the deflection oscillator is sometimes
called either a stabilizing coil or a ringing cotl.

17-11. Horizontal Oscillator Circuits with Automatic Frequency Con-
trol. The schematic diagrams in Figs. 17-29, 17-30, and 17-31 show
three common types of horizontal deflection oscillator circuits with auto-
matic frequency control.
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Blocking Oscillator with Stabilized Synchro-Guide. 'The circuit in Fig.
17-29 uses a d-c control tube to correct the blocking oscillator, which
has a sine-wave stabilizing tuned circuit, in an arrangement generally
called stabilized Synchro-Guide. One twin-triode tube 6SN7-GT is used
for the control tube and the oscillator stages. The triode at the right in
the diagram is the blocking oscillator and discharge tube stage, with ('19
the saw-tooth condenser in the plate circuit to produce saw-tooth voltage
output for the grid of the horizontal output amplifier. Part of the saw-
tooth voltage developed across Cigo is coupled back from terminal 1) on
the oscillator transformer, through R, to the grid of the control tube.
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Fia. 17-29. Horizontal blocking oscillator circuit with stabilized Synchro-Guide.
Capacitance values more than one in uuf and less than one in uf; resistance values in
ohms unless otherwise noted. Direction of arrows at controls indicates clockwise
rotation, (RCA KCSG6 chassis.)

Horizontal sync voltage with positive polarity is also coupled to the grid
of the control tube, from the sync circuits. The phasing of the deflection
voltage with respect to the horizontal syne pulses determines how much
plate current flows to develop d-¢ output voltage across the cathode
resistors Reeq and Ras.  The cathode voltage is filtered by (a4, which
bypasses both Ka4 and Razs, and by the series filter Ras("1s6 also across
both cathode resistors. The filtered d-¢ control voltage across the
cathode resistor Rea4 is directly coupled to the oscillator grid circuit to cor-
rect its frequency.  Negative bias for the control tube to keep it cut off
except for syne pulse peaks is obtained from the oscillator grid eircuit with
R 923 serving as a decoupling resistor.

Notice that with the blocking oscillator and control-tube arrangement
in Fig. 17-29 the horizontal hold control Rags is in the control-tube cir-
cuit. Therefore, it can vary the horizontal oscillator frequency only
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when the control stage is operating. The frequency control for the oscil-
lator is in the transformer T3, which has an adjustable slug to change
the inductance of coil A-C and vary the free-running frequency of the hori-
zontal oscillator. The adjustable slug in the coil C-D for the stabilizing
tuned circuit is called the oscillator waveform adjustment. The locking-
range control /1515, which varies the amount of grid-voltage input to the
control tube, is usually a variable mica condenser mounted on the rear
apron of the chassis as a screw-driver adjustment. In general, the locking
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Fia. 17-30. Multivibrator with syne diseriminator. Capaeitance values more than
one in ppf and less than one in uf; resistance values in ohms unless otherwise noted.
Voltage at pin 4 of 6SN7-GT varics widely with setting of hold control. (Admiral
Series 21 chassis.)

range is adjusted to allow the oscillator to he pulled into synchronization
within the range of frequencies approximately 180 cps lower than 15,750
¢ps. This is indicated by three diagonal bars sloping down to the left in
the picture just before it pulls into syne.

Multivibralor with Sync Discriminator. The circuit in Fig. 17-30 uses
the 6AL5 syne discriminator to produce d-¢ control voltage that corrects
the frequency of the 6SN7-GT multivibrator, which is the horizontal
deflection oscillator. The voltage pulses across the width coil in the
secondary of the horizontal output transformer are coupled to pins 7 and
5 of the 6ALS, by Ri30 and ("7, providing saw-tooth voltage across ("7 at
the horizontal scanning frequency. At the same time, sync voltages of
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equal amplitude and opposite polarity are coupled to pins 1 and 2 of the
GALDS from the previous sync inverter stage.  The two diedes in the dis-
eriminator produce d-¢ voltage proportional to the phasing between the
syne and deflection voltages, as a result, since this determines the peak
voltages applied to the diodes. The difference between the two diode
output voltages is taken from the junction of R and /427, to produce
the filtered d-¢ control voltage across ('y56. The correction voltage is
directly connected to the synchronizing grid (pin 1) of the multivibrator,
to lock in the horizontal deflection oscillator at the synchronizing fre-
quency. The deflection oscillator is a cathode-coupled multivibrator.
("420 1s the saw-tooth condenser in the plate circuit of the stage cut off for a
longer period of time than it conducts, with R4 a peaking resistor to pro-
duce trapezoidal voltage output. This is coupled by (4, to the grid
circuit of the horizontal output stage. Lyo with ("4 form the sine-wave
stabilizing tuned circuit in the plate circuit of the triode at the left in the
diagram, coupled by (414 to the next grid to make its grid-voltage wave
shape approach cutoff with a sharper slope.

With the multivibrator and syne diseriminator arrangement. in Fig. 17-
30, the horizontal hold control I2434 is a variable resistor in the grid circuit
of the oscillator to vary its free-running frequency, independently of the
control circuit. The variable inductance Lo, in the stabilizing tuned
circuit is called horizontal lock because it can bhe adjusted to hold the
oscillator synchronized through at least one-half the rotation of the hori-
zontal hold control, so that the picture will not tear apart when changing
channels. The horizontal lock control is usually an adjustable slug in
the stabilizing coil mounted on the rear apron of the chassis.

Sine-wave Oscillator with Reactance Tube. The circuit in Fig. 17-31 for
automatic frequency control of the horizontal scanning is generally c¢g'led
Synchro-Lock. The features of this circuit are:

1. Instead of a blocking oscillator or multivibrator, the horizontal
deflection generator uses the GIK6-G'I' beam-power pentode in a stable
sine-wave lartley oscillator circuit tuned to 15,750 eps, which drives a
separate discharge tube to produce deflection voltage at the horizontal
scanning frequency.

2. The frequency of the sine-wave oscillator is controlled by the GACY
reactance tube in shunt with the oscillator’s tuned circuit. The reactance
tube is necessary because the frequency of the Hartley oscillator eannot
be corrected effectively just by controlling its d-c grid voltage. Instead,
the d-¢ control voltage is applied to the control grid of the reactance tube
to vary the reactance across the tuned cireuit of the oscillator.

3. The 6ALS5 sync discriminator produces the d-¢ control voltage that
indicates the difference between the syne and scanning frequencies. Asa
result, the d-c control voltage applied to the grid of the 6AC7 varies its
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reactance, which changes the oscillator frequency, correcting the oscillator
to lock in the horizontal scanning at the synchronizing frequency.
Horizontal deflection voltage is produced by the separate discharge
tube Vius at the frequeney of the oscillator.  The oscillator output volt-
age across the plate load resistor R0 is a distorted sine wave differentiated
by R20:("176 to produce sharp pulses that drive the grid of the discharge
tube positive. The resultant grid-leak bias produced by Ri03C177 keeps
the discharge tube cut off between pulses. (179 in the plate of the dis-
charge tube is the saw-tooth condenser. While the discharge tube is
held cut off, Cy7 charges toward +275 volts through Rsa. When the
oscillator drives the discharge tube grid positive to make it conduct and
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Fic. 17-31. Hartley oscillator with reactance tube. Capacitance values more than one
in upf and less than one in uf; resistance values in ohms unless otherwise indicated.
Direction of arrows at controls indicates clockwise rotation. (RCA 6307'S and 87830
chassis.)

produce the flyback, C7 discharges through the peaking resistors R0 and
R\1s7, and through the discharge tube. The discharge path returns to the
cathode of the discharge tube through the — 100-volt line connected to the
discharge tube cathode and the cathode ecircuit of the output stage.
The horizontal drive control Rie; adjusts the amplitude of the peak in
the trapezoidal voltage coupled to the grid of the horizontal output stage.

The winding A-B-C on the sync discriminator transformer 705 is the
tapped coil for the Hartley oscillator. The total capacitance of the
parallel condensers Ci4 and Cigs is in series with the 10-ohm resistor R,q4,
across terminals A and C of the coil to provide a tuned circuit resonant
at 15,750 ¢ps. The oscillator uses the electron-coupled circuit, with the
screen grid as oscillator anode, bypassed by )75 to terminal C of the
oscillator coil, while the cathode connects to the tapped coil at terminal
B. Grid-leak bias for the oscillator is provided by Ci72 with K6 and
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Rigs. The horizontal hold control R,es varies the resistance of the oscil-
lator grid circuit to change the frequency slightly.

The oscillator coil is closely coupled to the center-tapped discriminator
coil, applying equal sine-wave voltages in opposite polarity to the two
diode plates of the discriminator, as shown in Fig. 17-32. The horizontal
synchronizing pulses are coupled to the center tap, applying the same
syne voltage to the two diode plates. Each diode produces d-¢ output
voltage in the cathode circuit proportional to the peak value of the input
voltage to the plate circuit. The net output at the top cathode of the
GAL5 is the difference between the voltages across Rig and Ryg.. When
syne voltage and sine-wave voltage are phased correctly, both diodes have
the same peak input voltage, resulting in equal d-¢ output voltages, and
the net voltage output is zero.  If the phase of the sine wave changes with
respect to the sync voltage, more voltage will he applied to one diode and

Sync

voltage
Top diode j\Jt/ /\’L
Oscillator \/
voltage
Bottom diode \Jl/\ \J /\ Jl\

Normal Sync Sync
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Fia. 17-32. Waveforms for the sync discriminator circuit in Fig. 17-31. (RCA Synchro-
Lock.)

the net output will be d-c voltage of either positive or negative polarity,
depending on which diode has the greater voltage. This d-c control volt-
age is filtered and applied in series with the fixed bias of —2 valt to the
control grid of the reactance tube.

The 6ACT reactance-tube circuit is basically the same as those shown
for frequency modulation in Sec. 7-5. The quadrature network for feed-
back voltage consists of the parallel combination of (¢ and Cie in
series with (73 and Rye. The voltage across Ryeq is the quadrature
voltage fed back to the cathode, so that the d-¢ control voltage from the
syne discriminator can be coupled to the control grid.  The quadrature
voltage leads the plate voltage by 90° in the cathode but its effect on plate
current is 