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vili 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 diseussions of a typical receiver are based on the use of interearrier
sound. The ratio detector circuit is explained more thoroughly. Auto-
matic gain control has been expanded into a separate chapter.  Auto-
matic-frequency-control eircuits for the horizontal deflection oscillator
are fully explained. Details are included on horizontal output circuits
with reaction scanning, boosted B4, 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 alignment. 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 5;
Antenna Installation, with Chap. 21; Television Receivers, with Chap. 8;
Localizing Troubles, with Chap. 8; Deflection Circuits, 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-I1ill Book Company.

My former fellow instructors Mark Karpeles and the late Joseph
Powder checked the manuscript 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 manuscript 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 (‘ompany
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, 21-4, and
23-7 are from the correlated motion pictures and filmstrips of the text-
film series Basic Television—IPrinciples and Servicing. Photographs have
also been provided by the Philco Corporation, Sylvania Electric Products,
Ine., Zenith Radio Corp., Allen 3. 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 manuseript.

BerNarp Gros
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PrLate . Normal color television PraTE II. 60-cps hum voltage in
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Prare V. Addition of colors.
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PraTte VI. Relative brightness response of the eye for different hues, with correspond-
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Prate VIIL Hue and saturation values for red, green, blue, and their color mixtures
In terms of the rectangular coordinates in the chromaticity diagram in Fig. 24-38
the lowest point on the horseshoe curve at darkest blue has the approximate coordi
natesx = 1.7 0.1; the highest point of green is x = 0.8, y = 8.4; the darkest red

at therightisr = 73,y = 2.7. (RCA.
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CHAPTER 1

THE TELEVISION SYSTEM

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

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 a
simple still picture.

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

.: o 2 - 2 o .-.l#.r : S :...

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 reprodueed in the same way by the proper
distribution of black and white areas in the pieture.  This basie strueture
of a picture is evident in newspaper photographs. If they are examined
closely, the dots will be scen 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 reprodueed 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.
i-2 to the right side of the figure. The picture is divided into the ele-

mentary areas of black and white VM £ T P
e . R 3y fH 231
shown. Those picture elements [ e i
corresponding to the background — [iGcGge. .
are white, while the elements form- e
ing the cross are hlack. When S =

each picture element is transmitted ~ F16. 1-2. Reproducing a picture by dupli-
to the right side of the figure and chUlg(ha pikturs dlbnaite:
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 corresponding to a pic-

F1G. 1-3. The iconoscope camera tube. The electron-gun structure in the narrow
part of the tube produces a beam of electrons aimed at the mosaic image plate.
(RCA))

ture element, the television system requires a camera tube and an image-
reproducing tube. The camera tube has the function of producing an
electric signal that corresponds to the visual information in a picture
element, while the image-reproducing tube must be 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 receiver.

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,

p———

Fia. 1-4. A television studio seene.  (National Broadcasting 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 clectrie-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 electric 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. Sceveral cameras are used to obtain different camera angles for
the picture.

The transmitting and recciving 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 pice-
ture, the camera tube converts the visual information into electric signals
corresponding to the picture clements in the seene being televised.  These
electrical variations become the pédeo signal, which contains the desired

antenna tube

I'I’ransmming Picture

Picture signal

C:at:\:éa A \\ ™ crcuts
Receiving
[ antenna

e Video Picture signal
i o . - Scanning and
amplifiers transmitter synchronizing

Sound and circuits
icture signal >
Scanning and ’ curcuitgs
synchronizing
circuits

Audio Sound signal Sound signal
amplifiers| transmitter circuits

i
¥

Microphone
Loudspeaker

TRANSMITTER RECEIVER
Fic. 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 antenna 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
clectric 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 beam of cleetrons aimed at the
fluorescent screen. When the cleetron beam strikes the sereen, it emits
light, and the sereen becomes bright in proportion to the intensity of the
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 uegative,
the beam current is inereased, making
the spot of light on the sereen brighter.
More negative grid voltage reduces
the brightness. If the grid voltage
Fig. 1-6. A typical picture tube. The is negative enough to cut off the
electron-gun structurc in the narrow  glectron-heam current of the kine-
part of the tube produces a beam of g .

clectrons that is accelerated to the SCOPC there will be no light on the
screen.  (Sylvania  Electric Products, screen. This corresponds to black.
Inc.) 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

” 1 i RS |
F1a. 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
picture, the same process is carried out for all the picture elements in sue-
cessive order, and each element is positioned correetly 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 seanning is done by a very narrow
beam of electrons produced by the electron-gun
structure contained within the camera tube
and the picture tube. .\t the transmitter the . |8 Horizontal lincar
clectron beam is made to scan the image plate  seanning procedure.  The
in the camera tube one clement at a time and ~ ashed lines indicate hori-

o . zontal retraces,
to cover one horizontal line after another so
as to cover the entire picture. At the receiver the electron beam 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 pieture information
is seanned during this retrace time, as both camera tube and picture tube
are blanked out for this period. The retraces must be very rapid, there-
fore, since they are wasted time in terms of picture information.

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

The number of scanning lines for one complete picture should be large
in order to include the highest possible number of picture elements and,
therefore, more picture details. However, other factors limit the choice
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 channels.

1-4. Motion Pictures. With all the picture elements 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 commereial
motion-picture practice, 24 frames are shown
on the sereen for every second during which
the film is projected. A shutter in the pro-
jeetor rotates in front of the light source and
allows the film to be projected on the sereen
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 scen
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 porsible because
of a fortunate property of the human cyve.
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
3:}:‘;;2'";:::/') (Eastman-Ko- ¢} impression of secing all at the same

v time. [t is this effect of persistence of vision
that makes possible the televising of one basic clement 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
separately visible. To have the illusion of motion in the scene also,
cnough 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 21 pictures per second used in motion-picture practice is satis-
factory and produces the illusion of motion on the sereen,
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However, the rate of 24 frames per second is not rapid enough to allow
the brightness of one picture to blend smoothly into the next through the
time when the sereen is blank hetween frames.  The result is a definite
flicker of light that is very annoying to persons viewing the screen, which
is made alternately bright and dark.  The extent to which this flicker can
be noticed depends on the brightness of the sereen, the flicker effeet 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 21 frames per second but showing cach frame twiee so that 48
pictures are flashed on the sereen 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 ecach frame
is projected twice on the sereen.  There are 48 views of the scene during
each second and the sereen 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 proeess 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 sereen.  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 sereen.  Again the solution is similar to motion-picture practice;
cach frame is divided into two parts, so that 60 views of the scene are pre-
sented to the eve 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, hecause the picture is reproduced one ele-
ment at a time in the television system. Instead, the same effect ix
obtained by a method of interlaced horizontal lincar 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 eps.  In this
way 60 views of the picture are presented to the eyve 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
21 of commereial 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 sccond 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 receiver and transmitter,

1-6. Synchronization. There are 30 complete frames scanned during
cach second and the total number of horizontal scanning lines is 525 for
cach frame, which means that 525 X 30, or 15,750, horizontal lines are
scanned per second. This sets the line-scanning rate at 15,750 c¢ps.
Since cach 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 scanning at the receiver and the scan-
ning at the broadecast station must be exactly synchronized. Time in
scanning corresponds to distance in the image. \s 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
clectron beam scans the sereen of the pieture tube the scanning must be
exactly timed to assemble the picture information in the correct position.
Otherwise, the clectron 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 reccived 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
svnchronized.  Without the vertical field synchronization, the repro-
duced picture at the receiver does not hold vertieally, rolling up or down
on the kinescope sereen.  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
eps, 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 c¢ps and the frequency of the vertical
synchronizing pulses is also 60 cps.

1-7. Picture Qualities. The excellence of the piceture as it appears to
the observer viewing the image at the recciver 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 picturc 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
arca 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

Fig. 1-10. Tlow the pieture quality is improved with more detail.  («) Coarse strue-
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. Excessive 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, much 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.
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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 clements 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 clements, which cannot be exceeded in the tale-
vision system regardless of the screen 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 sereen, 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 distanee 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, sinee both condi-
tions produce eye fatigue. In addition, the viewing distance should be
inereased with higher values of brightness,

Aspeet Ratio.  The ratio of width to height of the picture frame is called
the aspect ratio. This has been 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 anyvthing from a few square inches to 20 by 15 ft. as long as the
correct aspeet 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 picture information within a very short period of time. It
takes V4o sce 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 clements.  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 eycles
per second. Since the frequeney 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 channel.

Kach television broadeast station is assigned by the Federal (‘om-
munications Commission (FCC) a channel 6 Me wide in one of the fol-
lowing television broadeast bands: 54 to 88 Me, 174 to 216 Me, and 470
to 890 Mc.  The 51- to 88-Me and 174 to 216-Me bands are in the very-
high-frequency (v-h-f) spectrum of 30 to 300 Me originally used for tele-
vision broadeasting.  The 54- to 88-Mece 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 800-Me
band is in the ultra-high-frequency (u-h-f) spectrum of 300 to 3,000 Me.
This band includes the u-h-f television channels 14 to 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 bhands, each television broadeast channel! is 6 Me wide in order to
accommodate the picture carrier signal, which is amplitude-modulated
by the wide range of signal-voltage frequencies produced in scanning the
picture, and to include the sound signal associated with the picture.

1-9. The Associated FM Sound Signal. The sound associated with the
televised scene is transmitted simultancously with the picture signal in a
common G-Me¢ channel to permit a complete visual and sound reproduc-
tion of the televised program.  The sound and picture signals are trans-
mitted on separate carrier waves, however.  Although the picture signal
is amplitude-modulated, the sound is transmitted as a frequency-modu-
lated signal.  With the high transmitting frequencies and the 6-Me
channel employed for transmitting the picture signal, there is easily
cnough space in each television channel for the FM sound signal, provid-
ing the advantages of frequency modulation for the sound.  Amplitude
modulation is preferable for the picture signal, however, because there is
less distortion of the picture with reception of multipath signals.

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 Communications

! The specific frequencies for all the television broadeast channels are listed in the
Appendix.

2 The complete technieal standards are in the Federal Communications Commission
Rules Governing Radio Broadeast Services, Part 3, Subpart E, Rules Governing Tele-
vision Broadecast Stations. This also gives channel assignments by states and cities.




CHAPTER 2

CAMERA TUBES

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

an optical lens to provide the desired image for the camera tube. Figure
9.2 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 photoclectric properties of the image

plate.
16
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2-1. Photoelectric Effect. Certain metals have the property of emit-
ting clectrons 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
photoclectric 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

Fiq. 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 Laboratories,
Inc.)

clectrons can be collected to produce an eleetrie current that corresponds
to the incident light. The photoelectric action is practically instantane-
ous, and the number of electrons emitted can be made directly propor-
tional to the amount of ineident light, thus providing an clectric 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 cleetric image.

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

The photoelectric tube, or PF cell, as it

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

l(:/,-\\[
'l

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

cathode, the inner 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 maximum amount of light.
The narrow wire down the eenter of the
tube is the anode.

Phototube  Amplifier Circuit. Figure
2-1 illustrates the manner in which the
phototube can be 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 By. The voltage drop across
Ry produced by the photoeleetrie current
is impressed between grid and cathode
of the amplifier tube. Any ehanges in
grid voltage vary the amount of plate
current flowing in the amplifier, thus
providing an appreciable signal in the

output cireuit, which corresponds to the original photoelectrie signal.

Additional stages ean be used

after the first amplifier to produce the

desired amount of amplifieation.

Phototube Amplifier
Light Anode Photocathode
e Amplified
Q 7 output
\
Photoelectric
current

- bl

Fii. 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 cathode.

Secondary FKmission and Multiplicr Phototubes. Metals have the prop-
erty of emitting eleetrons when their surfaces are bombarded by incident
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electrons having a high velocity. This is called secondary emission, and
the electrons emitted from the metallic surface by the incident primary
eleetrons are called sccondary electrons.  These are not the same electrons
that originally strike the surface but must be new electrons ¢jected from
the metal, because there can be more secondary than primary electrons,
Aluminum, as an example, ean release seven secondary electrons for each
incident primary electron.

Phototubes and other low-current tubes often employ an cleetron-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

+ 500 volts Dynode 1 (+ 100 volts)

Photoelectrons

Anode
<+ 600 volts

Photocathode
0 volts

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

few clectrons 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 clectrons is
great enough. The average number of clectrons 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 sereen 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 electrons strike the screen.
Deflection coils apply horizontal and vertical deflecting forees 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 seanning but is kept at as high a value as can he
obtained without burning the sereen.  When the seene to be transmitted
is in 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
Fia. 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 becen developed to produce
sufficient light for the image. Sensitive phototubes containing an elec-
tron multiplier are used with the flving-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 deviee that can convert the light image into
a corresponding electrical signal is called a camera pickup. This com-
bines photoelectric conversion of light into clectricity 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 photoclectric ‘conversion to produce the desired
samera 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 seusitivity 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 associated optical system ean use
smaller lens apertures, improving the depth of focus and reducing the
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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 clement only at the instant
it is scanned. The flying-spot camera pickup is an example. The sensi-

>
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Fia. 2-7. Flying-spot camera pickup using flying-spot cathode-ray tube 5WP15,
(RC.AL)

tivity of an instantancous eamera 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 efliciency of camera
tubes, several storage tubes have heen developed to provide useful camera
output at low light levels. In these storage tubes the effect of illumina-
tion on a picture element is allowed to aceumulate between the times it is
scanned in suceessive 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 scusitivity 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
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F16. 2-8. The iconoscope camera tube. [, is the resistance of the path for secondary
electrons from the mosaic to the eollector anode, which is about 5 megohms. A
typical value of the load resistor R, is 10,000 ohms. The capacitance of (' is about
100 guf per sq em.  (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 beeause 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 deseribed 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 prineiple
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

3 .

Fig. 2-9. Inside view of an iconoscope camera for film. Note baek-light housing 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 colloidal graphite, which
is the signal plate.  The size of the rectangular image on the mosaic plate

! 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 typical iconoscope is 434 by 3946 in.  Two ‘aps sealed into the glass
bulb conneet 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, being 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 mosaie plate.  The
value of the charge deficieney at any point on the mosaic continuously
increases as light continues to strike the photoclectrie 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 clectron gun in order to accelerate
the scanning-heam 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
he at ground potential. .

Secondary Kmission. Figure 2-8a shows that secondary electrons are
emitted when the high-velocity scanning beam strikes the mosaic surfaco.
Enough secondary clectrons are ejected from the mosaic to make the
potential of the point scanned approximately +3 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 he
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
cleetrons not collected return to other parts of the mosaic plate in a
random distribution. This redistribution current, consisting of a rain
of sccondary electrons, makes the mosaic plate negative, since more
seccondary cleetrons 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 clectron beam seans the mosaie plate, its charge
distribution provides a varying secondary-emission current corresponding
to the picture information. Each point cjects 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 beeause 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 mosaic 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 Ry, 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 ua for the highlights in the scene, as typical values, the output
signal voltage across I?; is 1.000 gv.

Shading Correction. The sccondary 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 ¢ps to correct the shading from top to bottom
in the picture and at the horizontal seanning frequency of 15,750 eps to
correet 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 inerease its sensitivity.

Rim or Idge 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
inelined with respect to the flat image plate. the beam would scan an area
shaped like a keystone, instead of the rectangular arca required.  The
keystoning effect is illustrated in Fig. 4-6. To eliminate this distortion
of the scanning pattern, a keystone correction cireuit 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 seene 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. Ilere the optical
image is converted to an electrical charge image on
the target plate. One side of the target plate
receives the eleetrons emitted from the photo-
cathode, while the opposite side of the target is
scanned by the eleetron beam from the scanning
seetion. s a result, signal current for the entire
image is produced by the scanning beam. The
signal current is then amplified in the electron-
multiplier section, which provides the desired
camera output signal.
The I'mage Section. The wide part of the tube is
the image section.  The inside of the glass faceplate
I at the front is coated with a photocleetric material,

consisting of a silver-antimony surface sensitized
. with cesium, to serve as the photocathode. This
Fia. 2-10. The image  semitransparent photocathode receives the light
orthicon camera tube. image on the front side, while eleetrons are released

It is approximately . .
1515 in. long, 4 in. from the side facing the target.

wide at the front face, The number of electrons emitted at any point in
and 2 in. wide along ¢}, photocathode is direetly proportional to its illu-
the narrower section. R R - ..

(RCA) mination. Therefore, the electrons have a distribu-

tion correspending 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 eleetron image is attracted to the target.
Although the electrons tend to repel each 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 1Ly in. wide.  Mounted on the side of the target toy rard the
photocathode is a very fine and uniform wire-mesh sereen, spaced
approximately 0.002 in. from the glass plate. The wire sereen has 500 to
1,000 meshes per inch, with an open arca of 50 to 70 per cent so that the
sereen wires do not interfere too much with the image. The target
assembly, including the glass plate and mesh screen, is connected to a

Electron-gun

and
Image multipher
section Scanning section section
g
.
10 I
Photoelectrons Honizontal
Image accelerator /(electron ymage ) and vertical
gnd No. 6 ( deflectin, f Grd No 2
—240 1o — 400 volts —_ Secondary / a1 and dynode No 1,300 volts
. ’ electrons
Photocathode \ / and 230 ma) Electron gun (gnd cutoff
—300 to — 500 volts | /Pin connections Focusing f‘ll[‘ﬂ‘f;nfﬂl —4510 ~115v)
— \| (shoulder) y coil, 75 ma_ 0-45 ma Five-stage
[ ﬁ;:le»m?acgeene ey / electron multipher
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y - -eel
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volts NeDecelerator 160 to 240 volts

Gnd No 5
0 to 50 volts

Fia. 2-11. Construction of the image orthicon.  All potentials are with respeet to zero
volts at the eathode of the electron gun.

voltage source that can be adjusted between —3 and +5 volts for the
best pieture.  Conneetions 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 clectron 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-
notie field that can be varied to adjust the scanning beam’s position
exactly to correct for any mechanical misalignment of the electron gun.
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Defleetion of the electron beam to scan the entire target plate is accom-
plished by the magnetie 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
slowed down near the target. Depending upon the potential of indi-
vidual areas in the target, some scanning-beam clectrons land on the

EFQP

- — — Electron gun

Return beam Nz
(signal current) L
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electrons
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600v  880v  1160v 1450v

1500v
Fia. 2-12. lllustrating the electron-multiplier seetion of the image orthicon,

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

The Electron-multiplier Seetion.  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
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electrons, which are attracted through the slots to the next stage. The
same action occurs for cach succeeding dynode. Five multiplier stages
are used, cach with a gain of approximately 4, providing a total gain of
4+ X4 X4X4+ X4, 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 £.. 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 K. 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 direetly 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 eleetron image.  The electron image is aceelerated
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, see-
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 sereen 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 photoclectrons that produce secondary
emission, and the secondary electrons are removed by the wire sereen to
allow the charge to accumulate on the target plate.  The charge distribu-
tion is preserved because the glass target plate has high cleetrical 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 Y4 sec.  In the front-to-back direction,
however, the glass target plate is a conductor of very large diameter and
has a low resistance. Therefore, the charge pattern appears on both
sides of the target, with the brighter clements 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 cleetron gun.  The seanning-
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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 electron stream to neutralize the positive
charge. Therefore, more positive parts of the target require a greater
number of electrons from the scanning beam than the less positive areas,
which do not need so many electrons to neutralize their charge. The
clectrons in the beam in excess of the amount required to neutralize the
charge on the spot being scanned turn back from the target and return to
the clectron gun.

As the clectron heam 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 ncutralize the charge. A larger
number of electrons from the scanning beam are returned to the electron
gun for these clements. Bright elements of the picture produce more
positive areas on the target, and fewer electrons turn back to the electron
gun from these arcas. 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 clectrouns arrives at the gun e¢lose 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 cleetron 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 seene and is the desired eamera 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 uv, 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 he 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 sccondary emission produces on the target a pattern of positive
charges corresponding to the picture clements in the
seene,

4. The low-veloeity scanning beam from the elec-
tron gun provides clectrons that land on the target
to neutralize the positive charges. Secanning-heam
cleetrons 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
clectrons 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
hefore 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. Fra. 2-13. The vidi-

2-6. Vidicon. As illustrated in Figs. 2-13 and ¢on  camera tube.
2-14, the vidicon is a small camera tube of simple lt~'s (illf'm' I(mg.mf-d

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 ilumination on the televised scene.
The structural arrangement is shown in Fig. 2-14.  The signal clectrode
is a transparent conducting film on the inner surface of the glass faceplate
which has a photoconductive layer on the back side, toward the elee-
tron gun. Adjacent to the photoconduetive layer is a fine-mesh sereen,
indicated as grid 1, connected internally to the long focusing-clectrode
grid 3. CGirid 2 is the accelerating grid and grid 1 the control grid for the
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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 hecomes.  As a result, the signal plate has a positive charge
pattern corresponding to the picture elements in the optical image. This

Horizontal and Focusing Alignment
vertical deflecting coil coil
coils —__

Grid No. 2, 300v
~~_Grid No. 1, 0 to-100v
//CCathode. ov

....... m—

Grid No. 3, 200-300v

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

Fia. 2-14. Schematie arrangement of vidicon,  (RCA.)

is scanned by the low-velocity eleetron 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 eireuit.  With a signal eurrent of 0.1 wa for highlights in the
scene, across a 50,000-ohm load resistor, the camera signal output voltage
is 5,000 pv.

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 vidieon is more stable in operation,
has higher sensitivity, and requires simpler control equipment. The
flying-spot eamera 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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.ameras, 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 beeause of its high sensitivity and ability
to operate over a wide range of light values. In addition, the optical
svstem 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
equipment.

Image Orthicon Types. I'wo 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 y, Camera signal

N output
\ Photolayer
Load resistor
e
Electron
beam

Sl

Cathode of
electron gun

Fra. 2-15. Signal cireuit for camera signal output from the vidicon.

satisfactorily over a wide range of illumination, for usc 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 bhe con-
trolled, produces a picture of hetter 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

1. What are the two fundamental requirements of a eamera pickup?

2. Show the physical arrangement-of a phototube, labeling anode and cathode,

3. Describe the secondary-emission effect.

4. What is an clectron multiplier?
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6. Describe briefly the operation of a flying-spot camera pickup.
6. How is the light-storage principle utilized in the iconoseope?
7. Deseribe the signal eireuit for obtaining eamera 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 seene.
11. What are two factors that enable the image orthicon to have its high value of
sensitivity ?
12. Deseribe briefly how the desired camera signal corresponding to the optical
image is obtained from the vidicon.
13. What is the funetion of a monoseope ?
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 seanning heam so
that the information in all the individual picture elements is converted
into a useful eleetrie signal representing the complete picture,  Similarly,
the sereen of the picture tube in the television reeeiver is scanned to
reproduce the image. A narrow beam of eleetrons is used for scanning in
both cases because the small mass of the electrons makes the clectron
heam ideally suited for the rapid seanning motions that must be pro-

Control Accelerating Anode
grid grid
Heater: _'|: r v ¥ _ _ Electronbeam _
Cathode/zI
) 1
=i

High-voltage supply
Fia. 3-1. Elements in an eleetron gun,

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

3-1. The Electron Gun. The clectron gun, which is enclosed in a
racuumed glass bulb, has the funetion of producing a narrow beam of
high-velocity eleetrons.  As illustrated in Fig. 3-1, the gun structure
includes a heated cathode to emit clectrons, a control grid to eontrol 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 aceelerate the
electrons away from the cathode. Instead of collecting the electrons,
however, the accelerating electrodes! form a narrow eleetron heam that
goes through to strike the scanned surfaee, which is the screen 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 bhase.

Since the clectrons emitted from the cathode must be coneentrated into
a beam and pass through the grids, these have a cylindrical structure that
is different from conventional vacuum-tube eclements. Referring to
Fig. 3-1, at the left is the cathode. This is a thin metal sleeve enelosing
the heater coil. Fitted on the eathode
sleeve is a cap with a recess in the center
to hold the oxide mixture that is heated to
produce thermionie 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 eenter to allow the
eleetron beam to pass through. Figure 3-2
shows the construetion of a typical control-
grid cvlinder and its disk cover with an
aperture of approximately 0.040 in. diame-
ter. The control grid is maintained at a
Fia. 3-2. Control-grid eylinder  negative potential with respect to the
‘;;th '.’po,""""_dmk‘ (Sylvania .t} ode, by means of a suitable bias voltage.
Kleetric Produets, fne.) X

The next element in the electron gun is an

accelerating grid, which is also a eylinder with an aperture for the
electron beam. .\ d-¢ potential of positive polarity with respect to the
athode is applied to the accelerating grid so that electrons can be
attracted from the cathode. More than one accelerating 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 eathode in order to accelerate
the clectron flow from the cathode to the scanned surface. The construc-
tion of a typieal 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 conduetive wall on the inside of
the wide flared part of the tube’s envelope, as indicated by the wider

U The aceelerating clectrodes are sometimes called anodes because they have a
positive potential, but the 1R standard term is grid for an electrode having one or
more openings for the passage of electrons or ions, while an anode collects cleetrons.
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diameter shown for the anode in Fig. 3-1.  Picture tubes with a glass
envelope have a black conductive 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
cylindrieal clectrodes 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 conneetion, instead of con-
necting to a pin on the tube base, when the -

high voltage is more than about 5 kv. I addi- T
tion to serving as the final accelerating eleetrode,

the anode wall shields the electron beam from

stray electric fields.

Electrons emitted from the cathode of the .

clectron gun are formed into a beam because of (ac%re'f g3rid )
the restricted path imposed by the apertures

and the acceleration produced by the positive Grid 2
e (accel. grid)

clectrodes.  The electron beam has a complete

circuit for current flow because of the secondary Grid 1

(control grid) |/

emission produced when the beam strikes the
scanned surface. These secondary electrons
arc attracted to the positive anode, forming a
complete path for current flow from cathode
to the scanned surface, to the collecting anode,
and back to cathode through the power supply
that provides the anode voltage. The amount
of beam current is very small, being in the order
of microamperes. The d-¢ 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 clectron 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 beeause all have a negative charge
and repel each other.  Consequently, special attention must be given to
the problem of forming the clectron 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

Fia. 3-3. Construction of
an electron gun. (RCA.)
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heam, while a foeusing system in the electron gun is called an electron lens.
Two clectron lenses are generally used.

Crossover Point.  Figure 3-1 illustrates the operation of the control grid
as the first electron lens, concentrating the electrons into a eonverging
beam. The arrows indicate the clectrostatic force acting on electrons
leaving the cathode.  Sinee the control grid is negative with respect to
the eathode, the electrostatic foree is in a direction that tends to repel the
eleetrons back to the cathode, with the repelling foree in the direction of
the arrows on the electrostatic lines of foree.  The anode voltages provide
a forward accelerating foree, however, and the net result is to bend the
diverging electron paths toward the eenter line of the gun structure so
that the electrons ean travel through the grid aperture.  Electrons leav-
ing the cathode in the direetion shown by the line K4, for example, are

repelled almost direetly toward the
y Control grid center axis of the gun while they

Lines are in the region of the cathode,
of force — but the direction of the repelling
e c force changes gradually as the con-
= . trol grid is approached. As a re-
Q c sult, an electron emitted in the

i g L S
Grid bias voltage direction KA is made to follow 4

1°16. 3-1. Aetion of the control grid as the path such as KDP.  Likewise, an
first cleetron lens. electron emitted in the direction
KB follows the curved path K.

Both electron paths pass through the control-grid aperture at X' and
cross at the point 7 just bevond 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 foeal point 2. This is the erossover
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 seanned 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 aceelerating 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
qamera signal. For the pieture tube, the grid bias voltage is varied to
adjust sereen brightness, more negative voltage deereasing the illumina-
tion.  The amount of negative grid voltage required to reduce the beam
current to the point of visual cutoff, where no light is produced on the
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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 beam 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 clectron stream to provide a point source of electrons for
a narrow heam, 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 eleetron lens is fixed by the
athode 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 electrostatic

focusing arrangement similar to Anode

the first electron lens and the Focusing grid

other employing a magnetic field \___j/.j

for focusing. = G —
The second eleetron lensfor forus- P< D SOF S

ing the beameleetrostatically can be ﬁ \‘

provided by the accelerating grid Fia. 3-5. Electrostatic field between ae-
and anode, as illustrated in Fig. 3-5.  celerating electrodes.  This serves as
The focusing grid voltage is about the .\‘l“(‘()ll(l eleetron lens for clectrostatic
one-fifth the anode voltage but both focusing.

are positive with respeet to the cathode in order to attract clectrons from
the eathode.  An electron in the field between the grid and the anode
tends to follow along the electrostatie lines of foree 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 foree in a direction
that moves the electrons toward the axis of the gun. As a result, the
clectron beam converges going from the focusing field to the more posi-
tive potential of the next aceelerating ficld.

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 -4, the
lines of force the electron erosses foree it toward the center line of the gun,
Likewise, an clectron tending to travel in the direetion D is forced to
move toward the center.  As the electrons approach the center, the lines
of force that are erossed have a direetion almost parallel to the axis of the
gun, and the eleetrons are moved from their course by a smaller degree.
Therefore, the eleetrons will follow curved paths such as PAS or PDS
to be focused at point S beyond the grid. By varying the amount of
voltage applied to the focusing grid, the eleetrostatie focusing field ean 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 foree parallel
to the electron beam can be used for magnetic focusing, serving as the
second electron lens to image the crossover point onto the scauned sur-
face. Kither a permanent magnet or an eleetromagnet mounted exter-
nally around the neck of the tube produces the focusing field. Figure
3-6 illustrates the magnetic field within the tube produced by direct cur-
rent flowing through an external focus coil.  The coil winding is concen-
tric with the beam, circling 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 encircled by many bar magnets, each placed lengthwise to make the
Focus coil scanneg  lield lines between north and south
winding surface  poles parallel to the beam axis.
] The form of a typical focus coil and

— —— its mounting on a picture tube are
B\“'\Qnﬁ\' m———— shown in Fig. 9-2. The focus coil
5 \Magﬂel'iclf‘;?cusing is generally wound on a soft iron

Fia. 3-6. Action of a short focl‘:ing coil l:lllg, ('oncent‘ratn‘lg th(.’ magnetic

CUT * ficld and making it possible to pro-
duce the required field 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 foeus 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 length of the electron beam are
employed with eamera tubes, but the short focus coil illustrated is used
for picture tubes.

Figure 3-6 shows that the magnetic lines of force in the focusing field
are essentially straight and parallel to the electron 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 lens have an associated
magnetic field with lines of force that are circular around the beam axis
in a plane perpendicular to both the electron beam and the focusing field.
Because the magnetic field of the cleetron 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 axis toward the scanned
surface, accelerated by the anode voltage. However, an electron that
travels along the line 7’1 from the crossover point F? is moving at an angle

Neck of tube \
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and has a component of motion perpendicular to the focusing field.
Therefore, a component of its associated magnetic field can be considered
in parallel with the ficld produced by the focus coil.  Where the lines of
force 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 fields produces a foree that moves the
clectrons toward the weaker field.  As a result, a foree is applied to those
clectrons that travel in such paths as PA and I’B at an angle with respect
to the beam axis, moving the eclectrons toward the center axis of the
electron gun. Electrons in the outer edges of the diverging heam have
paths that make the largest angle with the horizontal axis and are subject
to a greater forece toward the center than those electrons nearer the axis,
producing a converging electron beam.

The motion of the electron resulting from the action of the magnetic
ficld must be perpendicular both to the direction of beam current and to
the focusing field. Therefore, the electrons follow a circular 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 beam 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 coil current is immaterial because it is neces-
sary only that the lines of force in the focusing field be parallel to the
electron 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 vertiecally in a standard sequence in the camera tube and
picture tube. Horizontal and vertical deflection proceed simultaneously
but with different velocities. Either of two deflection methods can be
used, just as in the focusing arrangement. Electrostatic deflection can
be acecomplished 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. Electrostatic 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 between them.  As illustrated in Fig. 3-8, two
pairs of defleetion plates are used, with one pair mounted ahead of the
other.  One pair of plates is mounted in a vertical plane left and right

Fluorescent screen
Focusing Deflecting

(grid // plates
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(d)
I'1¢. 3-7. Cathode-ray tubes. Although not shown, electrostatie focus can be used
with magnetie deflection or vice versa.  (a) Electrostatie eathode-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.



THE ELECTRON SCANNING BEAM 43

When a positive potential is applied to a deflection plate the negatively
charged electrons in the heam 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 bhe 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 simultancously to defleet the heam 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
Scanned
surface

16, 3-8. Ilectrostatic deflection,

tive than D for defleeting the beam to the left, moving the clectron
beam to the upper left corner of the seanned surface in the illustration.

The deflection plates must be positive with respeet to the cathode.
Their potential, therefore, is approximately equal to the second-anode
voltage so that the clectrons can be aceelerated 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-¢ positioning voltage for the deflection platesis 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 foree for centering the heam.  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 cleetron beam can be defleeted 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 heam downward slowly as it traces out the
horizontal lines.

Deflection Faclor. 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 bcam. If the anode voltage is doubled, as an example, twice as much
deflection voltage will be required for the same amount of deflection.

The characteristics of the electrostatic deflection system are specified
by means of a deflection factor for the tube. This is given either 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
voltage £ required for a deflection
of 1 in. The deflection factor for
4in.  clectrostatic tubes is 25 to 140 d-¢
volts per inch per kilovolt of f.

Ve . A tube with a maximum anode
0 0 -

Point where voltage of 5,000 volts may have

deflection begins a defleetion-factor rating of 30

Fia. 3-9. The amount of deflection in- (¢ volts per inch per kilovolt
creages with the distance to the scanned g - .
surfaco. of Iy, or 150 volts per inch. In
either case, a potential difference
of 150 volts between a pair of deflection plates deflects the electron beam
Iin. 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 defleet 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 varies 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 V. When the scanned surface is
separated from point V" by the distance VO the vertical displacement on
the scanned surface is equal to A0 or 2 in.  However, if the distance VO
is doubled the amount of deflection of the scanned surface A’0’ will also
be doubled to equal 4 in., although the clectron beam has the same deflec-
tion angle. A larger deflection voltage is needed, therefore, for the
deflection plates nearer the sereen to produce the same displacement of
the electron beam on the seanned surface. The deflection plates are
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usually flared out in order to avoid obstrueting the deflected electron
heam.

3-6. Magnetic Deflection. Magnetie deflection of the eleetron beam
can be used instead of electrostatic deflection. A magnetic deflecting
field is established in the tube just past the electron gun to react with the
magnetic field associated with the electron-beam current, producing a
foree that deflects the clectrons 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

L - — H-
Horizontal
deflecting
coil
v+ p V-
? Electron T
beam ‘“\
- X\ = Y
- . Y |
N <\ [
» \ O N
Vertical 11 Vertical
deflecting um deflecting
coil | coil
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deflecting
coil
> H+
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F16. 3-10. Two pairs of coils around the neck of the cathode-ray tube for horizontal
and vertical eleetromagnetie deflection.  The electron beam 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
are placed above and below the beam axis and are connected in scries
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 defleet the beam vertically; these are the
vertical deflection coils.

Motor Action on a Conductor in a Magnelic I'ield. Since the elcctron
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 magnetie field of intensity H with lines of force perpendicular
to AB. The current has its own associated magnetie field which reacts
with the external field to produce a resultant foree tending to move the
conductor in a direction perpendicular to both the field {1 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 magnetice field // 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 electromagnetie
field associated with the current in the conductor has lines of force that
are at right angles to the conductor and in a clockwise direction for the
direction of current shown in the figure, in accordance with the left-hand

1£Conductor
A NN >
_Magnetic AL _Magnetic___{ {3\
_field H // _field H__\xN} /]
¥ B Direction — \
Conductor moves A of motion Y Conductor
in this direction perpendicular
toward weaker field (a) (b) to the page

Fia. 3-11. Dirceetion of the foree on a wire carrying current in a magnetie fickd at right
angles to the eonduetor,

rule.  This rule states that when the conductor is grasped in the left
hand with the thumb pointing in the direction of electron flow through the
conductor the fingers curve in the direction 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 ficld, producing motion in a direction perpendicular to both
the conductor and the field.

In Fig. 3-11a the elecetron flow in the conduetor 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 magnetie fields are opposing in the direction out of the page toward
the reader and aiding on the opposite side of the conductor. Thercfore,
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 foree in the deflection fields and the field associated
with the beam current, remembering that the reaction of two parallel
fields always exerts a force toward the weaker field. Consider the hori-
zontal defleetion 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
dircetions 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 ———
magnetic field has lines of force /Ss‘inar?:ceed
clockwise around the beam in a
plane perpendicular to the beam
axis. To the right of the beam Scanning signal
axis, the magnetic field of the elec- d;?,'e(‘:’:gig‘:::)“s
tron beam is in the same direction o

. | . Etectron Scanning signal
as the deflecting field, while the beam for horizontal

fields are opposing on the left.  The deflecting coils
electron 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 eurrent for both sets of
coils can be provided simultaneously, deflecting the beam to the upper left
corner of the scanned surface.

Deflection Current. In order to obtain the desired deflection fields an
alternating deflection current is passed through the seanning coils to
produce the continuous deflecting motion required. Direct current for
centering eontrol ean be obtained by means of a low-voltage tap on the
d-¢ power supply, with provision for both vertieal and horizontal position-
ing. In addition to the direct current, an alternating current through
the horizontal deflection coils deflects the electron secanning beam to pro-
duce the horizontal scanning lines and, simultanecously, 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-

Electron gun

Fia. 3-12. Action of the deflection coils
on the eleetron seanning beam.
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ever, the defleetion is inversely proportional to the square root of the
anode voltage in magnetic deflection.  Therefore, it is easier to provide
large amounts of defleetion with high values of anode voltage in a mag-
netie 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 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>