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Preface

Television Simplified has been completely revised for its sixth edition.
The important advances which have occurred in television receivers since
the publication of the fifth edition (1955) have been incorporated in the
present volume. In addition to a thorough updating of the various circuits
and components that are normally found in television sets, a new chapter
on Remote Control Systems has been added. These devices are the most
significant recent advance that has occurred in television, and their exten-
sive use makes it imperative that the reader be familiar with them.

The presentation in this sixth edition follows the pattern established
in previous editions. Little is assumed beyond an elementary knowledge
of the operation of home sound receivers, and upon this knowledge is built
an understanding of the modern television receiver with its highly integrated
synchronizing circuits. Chapter 1 presents an outline of the various stages
that combine to form a television system. It attempts to answer those per-
tinent questions which always arise when any subject is first investigated
and which, if left unanswered, soon begin to interfere with the smooth ac-
cumulation of subsequent information. With each succeeding chapter a
different section of the television receiver is discussed, starting at the input
end of the set and traveling along the same path as the incoming signal.
The function of every part, both within its stage and within the receiver
as a whole, is carefully noted.

Illustrations are extensively employed, and in nearly all circuit dia-
grams representative parts values are included. These values enable the
reader to develop a “feel” for the type of component and its size which
may be expected in various sections of the receiver. The author believes
that this ability is necessary if the reader is to possess more than a super-
ficial understanding of the subject.

While most of the emphasis in the book is necessarily devoted to circuit
operation, receiver servicing has not been overlooked. In Chapter 16 a step-
by-step approach to the isolation of defects in a television receiver is
detailed, complete with symptomatic iilustrations of the most common
troubles. The use of appropriate test instruments is also covered.
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vi PREFACE

A set of questions is included at the end of each chapter for those who
wish to gauge their progress through the book. The questions are straight-
forward and are drawn wholly from the text material.

No book represents the sole effort of one person. Grateful acknowledg-
ment is due to the Radio Corporation of America; the General Electric
Company; the Zenith Corporation; Howard W. Sams & Co., Inc.; Central
Television Service, Chicago, Illinois; and Motorola, Inc., for their generous
aid in furnishing illustrations and data that were essential in the prepara-
tion of the book.

Mirton S. Kiver
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CHAPTER ]

The Television Field

Introduction. Television, the science of transmitting rapidly changing
images from one place to another by electromagnetic waves, is today as
significant a factor in home entertainment as the radio broadcast.

This change in media has brought with it a corresponding change in the
operating techniques of the service technician. Because of the considerably
greater complexity of the television receiver, a whole new array of test
equipment and of servicing methods has evolved. These have not supplanted
the instruments and service techniques employed with broadcast radio
receivers since much of what is done to a radio receiver to isolate a defect
can be applied as well to television receivers. Rather, these basic service
mecthods have been expanded to encompass the newer circuits which tele-
vision receivers possess and which have no counterpart in radio. This situa-
tion has led to a natural upgrading in the knowledge and skill of the service
technician, and a corresponding increase in his financial earning power.
Thus, television is more enjoyable to the user and more profitable to the
serviceman.

Television receivers are housed in large console cabinets, in table-model
enclosures, Fig. 1-1, or in cases small enough to be carried from place
to place. All contain practically the same circuits. The larger models gen-
erally possess a somewhat greater number of tubes and, perhaps, an addi-
tional speaker or two. Picture-tube screens range from 8 to 10 inches for the
smaller sets (found only in portable receivers) to 24 inches for larger sets.
At one time, 27- and 30-inch picture-tube screens were available, but these
are no longer used. They were too large and too bulky and presented
many manufacturing difficulties. In addition, the larger picture was not
found to be appreciably more desirable than the picture obtained with
23- and 24-inch screens.

Controlwise, television receivers are only slightly more complex than

1



2 TELEVISION SIMPLIFIED

Courtesy Motorola

F16. 1-1. A table-model television receiver. A 2l-inch screen is employed.

radio-broadcast sets. For the sound section of the television receiver, con-
ventional on-off volunie control, supplemented frequently by a tone control,
is used. These parts perform the same functions that they do in a radio
receiver. For the video, or image-producing, section of the television receiver,
a complete new set of front-panel controls are required. There are only a
few controls and they are easily manipulated.

The primary control is the station selector, a rotary switch with 12
positions. Seven of these positions will have local stations, which is all any
one community may be allotted. This number will be found only in very
large cities, for example, New York and Chicago. Smaller cities have fewer
stations, sometimes only one or two. Another control, associated with the
picture, is the contrast control which adjusts the intensity of the image
detail. Turning the control clockwise causes the picture detail to become
darker; rotating the control counterclockwise reduces detail intensity,
sometimes to the point where the picture disappears completely.

Still another control is the brightness control, which regulates the overall
shading of the picture and establishes the “tone” of an image, that is,
whether it is light, medium, or dark. Finally, there is the “fine-tuning”
control, which is basically a vernier-tuning adjustment. The main tuning
circuits used in television receivers are relatively fixed, and the desired
station is obtained by means of the selector switch. In addition, the proper
oscillator coil and capacitor are selected at the same time. If a change should
occur in the resonant properties of these circuits and no adjustment were
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provided, it could readily happen that the sound would become distorted
and the images would not be faithfully reproduced. To prevent this, a fine-
tuning control is placed on the front panel. Within limits, this control
permits the observer to center the entering signal so that the proper fre-
quencies are obtained at the video and audio IF amplifiers.

Controls which deal with the vertical and horizontal synchronization of
the picture may also be found on the front panel of a television receiver.
How these controls are manipulated will be discussed later. Generally, only
those controls which must be manipulated frequently are placed on the
front panel; others that require less frequent adjustment are positioned
either on the back panel of the chassis or in a small covered recess in front.
In any event, while the mechanism of a television receiver may be quite
complex use of the few necessary controls can be readily learned, even by
those entirely unfamiliar with the technical aspects of the system. This
must be so, else television would not have become so popular.

In this chapter, the overall operation of the present-day television system
is explained, with particular emphasis on the methods used to transform
light rays into equivalent electrical impulses. After that, chapter by chapter
and section by section, the operating principles of the receiver are presented,
assuming only a basic knowledge of the operation of present superheterodyne
AM receivers.

Desirable Image Characteristics. Since the image is the final product
of the television system, and everything centers about the production of
this image, here is the most logical place to begin. In order for a picture to
be satisfactory from the observer’s point of view, the following minimum
requirements should be obtainable:

1. The composition of the image should be such that none of the ele-
ments that go into its make-up is visible from ordinary viewing distances.
The image should have the fine, smooth appearance of a good photograph.

2. Flicker must be totally absent. To accomplish this, it is necessary for
the cathode-ray beam to sweep across the fluorescent screen in time to cause
light to be emitted before the previous image has lost its effect in the viewer’s
mind. The scenes then follow each other in rapid succession and the action
appears continuous.

3. The picture should be large enough in size to permit comfortable
viewing by several people at distances of 10 feet or more from the screen.

4. To meet the changing requirements for viewing the screen either by
day or by night, an adequate amount of light must be available from the
cathode-ray screen. Naturally, less is necessary when the room illumination
is low than when it is high.

5. An effective contrast range is desirable. Contrast refers to the ratio
between points of maximum to minimum brightness on the same screen.
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In broad daylight, for example, the contrast ratio between areas in bright
sunlight to shaded areas may run as high as 10,000:1. On fluorescent screens,
however, the amount of light that can be emitted is definitely limited, and
only contrast ratios between 50:1 and 100:1 are obtainable ordinarily.
These, however, prove quite satisfactory.

The foregoing requirements have been listed with only a slight explana-
tion advanced for each. There are limitations which affect these conditions,
but before any extensive discussion is undertaken, it is necessary to gain a
more detailed knowledge of the overall operation of present-day television
systems.

Outline of Stages of Television Transmitters and Receivers. An out-
line of the various stages of a television transmitter is shown in Fig. 1-2.

T2 (—Zz.
—z_
71-
Doublers and Modulated
Crystal oy
oac;lllator radlo freq radio freq
amplifiers amplifier

Camera tube

Line Video

amplifiers amplifiers
’ Viewing tube
Studio
Blanking and monitor
synchronizing
timing
gensrators \&
chrophorc
Frequency-
Audlo
Sound—>D— amplifier modulated
generator

Fig. 1-2. A modern television transmitter.

The scene to be televised is focused on the photosensitive plate of the
camera tube by means of a lens. At the tube the light rays are transformed
into equivalent electrical impulses. Thereafter amplifiers and the regular
amplitude-modulating sequences form the final television signal. To syn-
chronize the position of the electron beam at the receiver-viewing tube with
the beam in the camera tube, synchronizing pulses are also inserted into the
television signal.

Aside from the synchronizing pulses, the action in a television transmitter
is entirely analogous to the corresponding action in a sound transmitter. In
one, the object is to transform audio vibrations in the surrounding air to
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equivalent electrical variations. A microphone accomplishes this simply.
In the other, light rays are to be changed into equivalent electrical varia-
tions and a camera tube is employed. In either case, once the currents have
been formed, essentially the same procedure is followed to form the final
amplitude-modulated RF signal. Tt is well to keep in mind the corre-
spondence between the purpose of the microphone and the camera tube, for
this will aid in visualizing the overall operation of television transmitters.

The sound made by the actors in the scene being televised is kept sepa-
rate from the video electrical currents. The sound is frequency modulated
and sent out by another transmitter at a frequency that lies close to the
edge of the band of frequencies utilized by the image signals. So far as
the transmitters are concerned, two separate units are necessary: one for the
sound, the other for the image signals. A single transmitting antenna may be
used, however, since the two signals are close enough in frequency to be
broadeast from the same array.

At the receiver, shown in Fig. 1-3(A), the video and audio carriers are
received simultaneously by wide-band amplifiers. After amplification by an
RF stage, the composite signal is applied to the mixer tube where it com-
bines with a high-frequency oscillator voltage. The desired IF values are
produced by this action and, at the output of the mixer stage, the video and
sound signals are separated and fed to their respective IF amplifiers.

The audio signal is frequency modulated and, although the IF amplifier
stages found in FM receivers do not differ radically in construction from
the corresponding amplifiers in AM sound superheterodyne receivers (ex-
cept for frequency), the detector is entirely new. In the FM set, a dis-
criminator is necessary in order to convert the FM signal into the equiva-
lent audio variations. (A brief deseription of the operation of FM receivers
is given in Chapter 14.) Once past the FM detector, the ordinary audio
stages amplify the signal until it is suitable for application to a loudspeaker.

Returning to the video signal, we find that, after separation from the
audio voltage, it passes through several IF amplifiers (the number rang-
ing from two to four) before the diode detector is reached. Either hali-
wave or full-wave rectification is employed at the detector. At some point
beyond the detector, part of the signal is applied to the synchronizing section
of the receiver. Here, the synchronizing pulses are separated from the
picture detail and used to control the frequency of oscillators that directly
control the position of the electron beam in the cathode-ray tube. In this
manner, the exact point where the electron beam impinges on the fluorescent
sereen is kept related to the electron beam in the studio camera tube. Only
vertical and horizontal synchronizing pulses are required for black and
white images.

The remainder of the video signal, containing the detail information,
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is amplified by the video amplifiers and then applied to the picture tube.
The amplitude of the input voltage varies the intensity of the electron beam,
while the deflecting plates (or coils) swiftly move the beam from one side
of the screen to the other. The result is an image on the screen, produced by
approximately 500 distinct lines. The eye of the viewer integrates these lines
so that they blend, and the image assumes the smooth appearance of a
photographic picture,

After the scanning beam forms an image in this manner, a second picture,
a third, and so on are formed in such rapid succession that the blending
of each into the next becomes even and continuous as in the movies. When
the system is operating properly, the viewer is not aware of each individual
picture.

Intercarrier TV Receivers. The foregoing discussion was centered
about the block diagram in Fig. 1-3(A). This is a split-sound television
receiver and was the form employed by the first sets. However, in 1948, a
television circuit operating on a somewhat different principle was introduced
and is now almost exclusively employed. The new system is known as the
“intercarrier system.” It is illustrated in block form in Fig. 1-3(B).

a.5MC Fu Aupio
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AFC L} WORzZ. L) outeut POWER
I SYSTEM 0sC. AMP SUPPLY
swe | swwe
SEPARATOR AMPLIFIER VERT
VERTICAL e : | DEFL.
OSCILLATOR 7] ampLIFtER cons

Fig. 1-3(B). A block diagram of an intercarrier set.

The RF stages of the receiver are identical with the RF section of the
split-sound set. The incoming signal is received, amplified, and then con-
verted to the lower intermediate frequencies. The entire signal—sound
and video—now enters the IF system where both are amplified. There is
this important difference, however. The video signal receives its normal
amount of amplification, but the sound signal is permitted to receive only
5 per cent of the total available amplification. This relationship is purposely
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maintained to prevent the sound signal from producing visible interference
on the picture screen.

The intercarrier system has no sound take-off point in the mixer or the
video IF system. Hence, both signals remain together until the video second
detector. In this stage a beating, or mixing, takes place between the video
and sound IF carriers, producing a difference frequency of 4.5 me.* If we
wish, we can consider the video carrier as being equivalent to the local
oscillator, and the audio carrier as acting as the incoming signal. The result
of the mixing is a 4.5-mec beat note. In addition, we also obtain all of the
0-4 mc video frequencies from the amplitude-modulated video carrier.

The 4.5-mc beat note contains all of the sound information. This part
of the signal may now be transferred to its own sound system or the separa-
tion may be further delayed until both sound and video signals have passed
through one or more video amplifiers. Once the separation is effected, the
sound signal goes through one or two 4.5-mec sound IF amplifiers, through
an FM detector, and on to several audio amplifiers and the speaker.

The video signal, for its part, travels through the video amplifiers to the
picture tube. Here, its information is displayed visually.

The vertical- and horizontal-deflection systems are synchronized by a
part of the signal obtained from some point in the video amplifiers. In this
respect, both split-sound and interearrier receivers are alike; therefore what-
ever was stated previously concerning the operation of these systems ap-
plies here, too.

The principal difference, then, between split-sound and intercarrier re-
ceivers is the point where the video and sound signals separate. In the split-
sound set, this must occur before the video detector; in the intercarrier set,
the separation takes place after the video detector.

Television Camera Tubes. The foregoing is an outline of present-day
television systems. With this in mind, let us investigate the important opera-
tion of the studio camera tube in greater detail, for it is what this tube
“sees” and converts into equivalent electrical impulses that will determine
the form of the image finally reproduced at the receiver. Faithful reproduc-
tion of the scene being televised is necessary for high-quality images at
the receiver.

Consider an ordinary photograph, such as is shown in Fig. 1-4. This
picture was obtained from a negative that contained a large number of
grains originally sensitive to light. So long as the picture, or positive, obtain-
able from the negative is not greatly enlarged or examined too closely, the
granular structure of the photograph is not evident and the photograph
appears smooth and continuous. However, if the picture is more and more

*In every television signal, the frequency difference between the sound and the
video carriers is 4.5 mc.

%
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enlarged, a point is reached where the granular structure of the picture
does become visible. These grains, then, are the elements that combine to
form the picture.

A fine-grain photograph, with many grains per unit of area, is capable
of greater enlargement than a coarse-grain picture before these elements
become discernible. With television images, the same kind of situation pre-
vails. In the receiver, each picture element is just as large as the area of the

Fic. 1-4. A television studio scene developed from an ordinary negative.

circular beam impinging on the fluorescent screen of the cathode-ray tube.
The light that is seen when observing a cathode-ray-tube screen is derived
from the energy given off by the impinging beam to the particles of the
fluorescent coating on the inner face of the tube. If the points of light are
closely spaced, the observer will integrate them and their character as
separate points will disappear. Hence, one of the first considerations for
a television picture that is to reproduce any amount of fine detail is an
electron beam of small diameter. This requirement is as important at the
receiver screen as it is at the camera tube.
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Fi. 1-6. An image-orthicon

camera tube.
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Three types of camera tubes have been widely used in this country:
the iconoscope, the image orthicon, and the vidicon. They are shown in
Figs. 1-5, 1-6, and 1-7. The iconoscope was the first of the three to be
developed and employed commercially, and while it is still in use in a few
broadecast stations, principally in film cameras, it has
generally been replaced by either an image orthicon
or a vidicon. Both of the latter tubes are in general
use at the present time. Since the iconoscope was the
carlier tube, it will be considered first.

The iconoscope has the internal construction
shown in Fig. 1-8. Within the tube is a relatively
large rectangular plate upon which all the light from
the scene is focused. The plate consists of a thin sheet
of mica (an insulator) upon the front of which has
been deposited many microscopic globules of a sensi-
tized caesium-silver compound. Because of the man-
ner in which the globules have been placed on the
mica plate, they do not come in actual contact. Each
tends to form its own little island. Between these
scparate globules, of course, is the surface of the mica.
On the reverse side of the plate, a continuous layer of
a conducting substance is deposited and an electrical
connection is brought from here to the external cir-
cuit.

It will be recognized that actually a capacitor is
formed by the foregoing method of construction. Each
globule forms one separate plate, with the back side
of the mica acting as the common second plate for all
the globules. The dielectric is the mica.

The object is focused on the face of the plate
(commonly called “the mosaic”). Due to their silver-
caesium composition, the globules emit electrons in
proportion to the light intensity reaching that par-
ticular point. Thus each globule assumes a different positive charge, caused
by this loss of negative electrons, with each element retaining this charge
since it is insulated from all the other elements. The mica likewise prevents
the charge from leaking off to the conducting layer on its other side. Essen-
tially, we now have a charged capacitor, but the charge varies from globule
to globule because of the difference in light intensity that fell on these vari-
ous points.

Bv having the amount of charge on each globule vary in proportion to
the light at that globule, we accomplish the first step of our process, namely,

Courtesy RCA

Fic. 1-7. A vidicon
camera tube.
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conversion of light rays into equivalent electrical charges. It remains to
convert these charges into electrical currents.

The similarity between the above action and the photographic process of
taking a picture is striking. With more globules deposited on the mosaic,
it should be possible to obtain a finer structure for the final reproduced
image. This possibility will depend on the size of the electron beam and
the scanning process used. The latter is associated with the method em-
ployed to convert the various differences in globule charge into correspond-
ing electrical impulses. For the reproduction of fine detail in photographic
films a fine-grain structure is necessary. For the iconoscope mosaic, caesium-
sensitized globules correspond to the grains on a film negative. The more
globules that are deposited on the mosaic, the smaller the detail that may
be distinguished. The number of globules, in itself, however, is not the only
deciding factor. Important, too, is the diameter of the scanning electron
beam. A large round beamn covers many globules at one time, and an average
current, determined by the average of the charges on all these globules,
results. Any detail that is too fine will blend with the surrounding objects
and become obscured. On the other hand, with a small beam it is possible to
contact smaller groups of globules and cause separate electrical currents to
flow for each. The finer detail will be more evident now.

Electron-Beam Scanning. In order to transmit a picture, it is possible
to send all the elements that compose this picture at one time, or to send
cach element separately in orderly sequence. Because of the complexity of
the system that would be required if an attempt were made to transmit all
the elements simultaneously, the second method (sending each element sepa-
rately) has been universally adopted. Even with these alternatives, there is
still a choice of scanning sequence. For example, it is possible to divide the
image into a series of narrow horizontal strips and transmit one after the
other, starting at the left-hand side of the uppermost strip. Another method
is to dissect the image into vertical strips and transmit these in order. A
third means employs spiral scanning. Each is illustrated in Fig. 1-9. Of
practical interest, however, is horizontal scanning, since it is closest to
the process currently employed.

At the start of the horizontal-scanning process in the iconoscope, an
electron beam is formed, focused in the neck of the tube, and accelerated
toward the upper left-hand corner of the mosaic plate (point 4 in Fig. 1-10).
There, under the influence of varying voltages applied to the deflecting coils
of the iconoscope (positioned on the neck of the tube), the electron beam
moves to the right, passing over the charged globules which have been
exposed to the focused rays of light from the televised scene, and which
are located across the top of the image. As each globule, or group of globules,
is reached, enough electrons are supplied by the electron beam to restore the
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globule to its previously neutral potential. This action automatically releases
any charge on the opposite conducting surface of the mosaic that was held
there by the positive globules. With the release of this charge, a small pulse
of current passes through resistor R of Fig. 1-8. The strength of this cur-
rent is proportional to the amount of positive globule charge neutralized,
which in turn is proportional to the intensity of the light striking this point
of the mosaic plate.

Thus the second phase of our task has been accomplished and we have

Direction of beam
at the start of each row

Start. «————0eneral Direction 121 TNz
e, b1 ETY Y

4
\\\ /////I/ za

m
)
A R R R

(R T

(C)

Fic. 1-9. Three possible methods of scanning an image: (A) horizontal scanning,
(B) vertical scanning, and (C) spiral seanning.

transformed light rays into equivalent electric currents. The voltage de-
veloped across B will be proportional to the varying pulses of current passing
through it. Tube V, will then amplify the fluctuating voltage and forward
it to the stages that follow.

Returning to the scanning process, the beam continues along the first
line until the end (point B) is reached. Here a generator connected to the
camera tube will cut off or blank out the beam while the deflection coils
bring it rapidly back again to point C at the left-hand side of the mosaic.
This point is slightly below the first line. The blanking voltage is now
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removed, and again the cathode-ray beam moves toward the right, neutraliz-
ing the positively charged globules along this horizontal line and causing
electrical impulses to pass through R.

The sequence recurs until the end of the Actlon ’:‘m ;’"m retroce
lowermost line is reached (at point D). The Al — ———— <2=== .
beam is blanked out and returned to the _j_"_‘_‘_"_:’_:::._
starting point A. The entire process is now Rk ki
ready to be repeated. E————

It should be noted that each globule has =3-==— <7
been storing up a charge (or giving off elec- P —
trons) during the time the electron beam 1is i e
busy passing over other globules. Thus, if it B
takes the beam 1 min to scan the entire im- -—ﬁmes =

age, the globules are being exposed to the
focused light rays during all of this time. The ~F16. 1-10. The motion of the
resultant emission of electrons causes the electr(l)ln .bem? lm- one.lform e
positive charge to increase. With the arrival orizontal seanmng.
of the beam, a neutralization takes place; but, at the next second, with the
passage of the beam, the storage process begins anew. While 1 min is men-
tioned as an arbitrary period, in practice the beam passes over each
globule every 13, sec. Hence 30 complete pictures are sent every second.
In actual equipment, the motion of the scanning electron beam, as de-
scribed above, must be modified somewhat for two reasons. First, it is ex-
tremely difficult to generate a voltage
Rsturn Fath of scanning that will cause the beam to drop sud-
3 denly from the end of one line to the
level of the next one directly beneath it.
It is simpler to have the beam move
down to the level of the second line
gradually, as is illustrated in Fig. 1-11.
To obtain this type of motion for the
electron beam, both horizontal- and ver-
tical-deflection coils in the iconoscope
tube are utilized. Without going into an
10.et.  extensive discussion at this time of the
Fic. 1-11. In actual equipment it is 9p(~ration e ele?tron (A ey
easier to have the electron beam 1D the neck of the iconoscope, let us
travel in the manner indicated above state simply that the horizontal-deflec-
than in Fig. 1-10. tion coils can move the electron beams
horizontally across the screen from left
to right and back again. The vertical-deflection coils can cause the beam to
move vertically. Between them, and with different amounts of currents

IMAGE
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passing through each set of coils, it is possible to move the electron beam
across the screen to reach any desired point.

In the foregoing type of motion (with the beam moving across the screen
slantwise) , we have the equivalent of a fast-acting voltage on the horizontal
plates quickly forcing the beam straight across, while a slow-acting voltage
at the vertical plates is forcing the beam down. The result is shown in Fig,
1-11. When the beam reaches the end of a line, it is quickly brought al-
most straight across (with the blanking signals on) where it is in correct
position to start scanning line 2 when the blanking voltage is removed. The
remainder of the lines follow in similar fashion. At the bottom of the pic-
ture, after the last line has been scanned, a longer blanking signal is ap-
plied while the beam is returned to the top of the picture. The purpose of
the blanking voltages is simply to prevent the beam from impinging on the
screen when there is nothing to impart, and the beam is merely moving into
position for the next seanning run.

A possible current that could be used for the horizontal- and vertical-
deflection coils is the familiar sawtooth wave illustrated in Fig. 1-12. This
current rises gradually to a fixed level and then suddenly drops (almost ver-
tically) to zero to begin the process over again. More will be mentioned about

sawtooth-wave generators when the

Qr 'y a0 . . g

] . '.&:' television receiver is discussed. For

[S O AP g

ET 18 Ai/“’t“’ the second reason why the horizontal
oS~ . .

3 A scanning process had to be modified we

TINE —> must examine more closely the human
Fic. 1-12. A sawtooth current, as illus- eye and its action when observing
trated here, when passed through a set motion on a screen.
of deflecting coils, will cause the elec- Flicker. If a set of related still

tron beam to move slowly from left , . :
to right and then retrace rapidly from films follow each other fairly rapidly

right to left. on a screen, the human eye is able to

integrate, or combine, them, and the

motion appears continuous. The eye can do this because of a phenomenon

called “persistence of vision.” Due to this property of the eye, visual images

do not disappear as soon as their stimulus is removed. Rather, the light

appears to diminish gradually, taking, on the average, about %, sec before

it disappears entirely. In motion pictures, this situation is very fortunate, for
otherwise this method of entertainment would be impossible.

It has been found that when theater films are presented at a rate of

15 stills per second, the action appears continuous. However, at this speed,

flicker is still detectable and detracts from the complete enjoyment of the

film. The flicker is due to the sensation in the viewer’s mind decreasing to

too low a value before the next film is presented on the screen. Increasing
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the rate at which the stills are presented will gradually cause the flicker to
disappear. At 50 frames per second there is no trace of flicker, even under
adverse conditions. The rate is not absolute, however, but depends greatly
upon the brightness of the picture. WVith average illumination, lower frame
rates prove satisfactory.

In the motion-picture theater, 24 individual still films (or frames) are
flashed onto the screen each second. Since at this rate, flicker is somewhat
noticeable, a shutter in the projection camera breaks up the presentation
of each frame into two equal periods. (The fundamental rate has now been
increased to an effective rate of 48 frames per second.) This is accomplished
by having the shutter move across the film while it is being projected onto
the screen. Thus we are actually seeing each picture twice. By this ingen-
ious method, all traces of flicker are eliminated.

In television, a fundamental rate of 30 images (or frames) per second
was chosen because this frequency and the effective rate are related to the
frequency of the a-c power lines. Practically, this choice of frame-sequence
rate necessitates less filtering in order to eliminate a-c ripple, which is
called “hum” in audio systems. With 24 frames per second, for example,
any ripple that was not eliminated by filtering would produce a weaving
motion in the reproduced image. Less difficulty is encountered from a-c
ripple when 30 frames per second are employed.

To eliminate all traces of flicker, an effective rate of 60 frames per sec-
ond is employed. This is accomplished by increasing the downward rate of
travel of the scanning electron beam so that every other line is sent instead
of every successive line. Then, when the bottom of the image is reached,
the beam is sent back to the top of the image, and those lines that were
missed in the previous scanning are now sent. Both of these operations, the
odd- and even-line scanning, take 130 sec; therefore 30 frames is still the
fundamental rate. However, since all the even lines are transmitted in Yo
sec and the same is true of the odd lines, they add up, of course, to Y3, sec.
To the eye, which cannot separate the two, the effective rate is now 60 frames
per second, and no flicker is noticeable.

To differentiate between the actual fundamental rate and the effective
rate, we say that the frame frequency is 30 cps, whereas the effective rate
(called the field frequency) is 60 cps. This method of sending television
images (Fig. 1-13) is known as “interlaced scanning.”

Thus, as the standards for television images now stand, each complete
scene is sent at a rate of 30 frames per second. To obtain the desired amount
of detail in a scene, the picture is divided into a total of 525 horizontal
lines. The technical reasons behind the choice of 525 lines are related to these
requirements:
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F1G. 1-13. The path of the electron beam in interlaced scanning.

1. The frequency bandwidth available for the transmission of the tele-
vision signals, As will be shown later, the required bandwidth increases
with the number of lines.

2. The amount of detail required for a well-reproduced image.

3. The ease with which the synchronizing (and blanking) signals can be
generated for the horizontal- and vertical-deflection plates.

With each frame divided into two parts (because of interlaced scan-
ning), each field will have one-half of 525 lines, or 26214 lines, from its be-
ginning to the start of the next field. (As a matter of definition, a com-
plete picture is called a “frame.”) With interlaced scanning, each frame is
broken up into an even-line field and odd-line field. Each field contains
2621 lines, whereas a frame has 525, the full amount.

The Complete Scanning Process. From the foregoing discussion it
becomes possible to reconstruct the entire seanning process. Although only
the movement of the electron beam at the television camera will be con-
sidered, an identical motion exists at the receiver screen.

At the start of the scanning motion at the camera-tube mosaic, the elec-
tron beam is at the upper left-hand corner, point A of Fig. 1-13. Then, under
the combined influence of the two sets of deflection coils, the beam moves
at a small angle downward to the right. When point B is reached, the
blanking signal acts while the beam is rapidly being brought back to point
C, the third line, as required for interlaced scanning. The blanking signal
then relinquishes control and the electron beam once again begins its left-to-
right motion. In this manner every odd line is scanned.

When the end of the bottom odd line has been reached (point D), the
blanking signals are applied while the beam is brought up to point E.
Point E is above the first odd line of field 1 by a distance equal to the thick-
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ness of one line. The beam is brought here as a result of the odd number
of total lines used (525). Each field has 26214 lines from its beginning to
the start of the next field and, when the beam reaches point E, it has moved
through the necessary 262% lines from its starting point A. From here the
beam again starts its left-to-right motion, moving in between the previously
scanned lines, as shown in Fig. 1-13. The beam continues until it reaches
point F and from here is brought to point A. From point A the entire se-
quence repeats itself.

Thus, as matters stand, the electron beam moves back and forth across
the width of the mosaic 26215 times in going from point 4 to point D to
point E. The remaining 262% lines needed to form the total of 525 are ob-
tained when the beam moves from point E to point F back to point A. The
process may seem complicated but actually it is carried out quite readily
and accurately at the transmitter (and receiver). A more detailed analysis,
including the number of horizontal lines that are lost when the vertical
synchronizing pulse is active, 1s given in Chapter 12.

The Image Orthicon. Of the three camera tubes mentioned previously,
the iconoscope has already been described in detail. It is not without de-
fects, the two most serious being its poor efficiency and its tendency to
produce background shading that is not found in the original scene. The
latter defect arises from the fact that the impinging scanning beam has suffi-
cient force to dislodge secondary electrons from the surface of the globules
over which it may be passing. Some of these electrons, once freed from
their globules, may be attracted to the positive collector ring or fall back
on the mosaic plate. In either case, the true, original form of the charge
distribution of the mosaic plate is altered. This distortion, for that is what
it is, generally appears on the screen as a darkened background. Correction
voltages can be inserted into the signal in an effort to eliminate the distor-
tion. Actually the voltages from the shading generator are 180 deg out of
phase with the distortion voltages, and their elimination is thus effected.
It may appear to the reader that almost an infinite number of shading sig-
nals would be required. Fortunately this is not so. Experience with icono-
scopes reveals that relatively simple correcting voltages are required and
these are readily generated and injected into the voltage wave.

A camera tube which is considerably more sensitive that the iconoscope
is the image orthicon. See Fig. 1-6. The greater sensitivity of this tube gives
it the following advantages:

1. The ability to televise scenes too dark to establish an acceptable image
with other camera tubes.

2. A greater depth of field, permitting the inclusion of background that
will otherwise be blurred or obscured on the receiver screen.

Physically, the tube looks like an elongated image-projection tube. It is
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approximately 15 inches long and 3 inches in diameter at the head. Elec-
trically, the tube is divided into three parts: the image section, where the
equivalent distribution of charge over a photosensitive surface is formed;
a scanning section, consisting of the electron gun, the scanning beam, and
deflection coils; and a multiplier section where, through a process of sec-
ondary emission, more current is generated than is contained in the return-
ing beam. Figure 1-14 illustrates all three sections of the image orthicon.
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& VERTICAL FOCUSING COIL
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RIGID METAL HOUSING CoiLs Gw&!%‘ﬂ
TARGET ALIGNMENT
FIVE-STAGE
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Fig. 1-14. The internal construction of the image orthicon.

In operation, light rays from the scene to be televised are focused by an
optical lens system onto a transparent photosensitive plate. At the inner
surface of this plate, electrons are emitted from each point in proportion to
the incident light intensity. Note that the light rays must penetrate the
transparent plate to reach the photosensitive inner surface.

The emitted electron image (in which, at each point, the density of the
electrons corresponds to the light at that point) is drawn to the target by a
positive wall coating. At the target, the arriving electrons produce secondary
emission and thus develop a pattern of positive charges directly proportional
to the distribution of energy in the arriving electron image. The target is
not photosensitive, but is capable of emitting secondary electrons,

By this method of forming a charge distribution on the target plate, we
obtain a more intense degree of positive charge distribution than would be
obtained if the light rays themselves were the activating agent, as in the
iconoscope.

The back of the target plate is scanned by a low-velocity electron beam,
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which is slowed down just short of the plate and at each point gives up
sufficient electrons to neutralize the positive charge at that point. The
remainder of the electrons in the beam then return to an electron-multiplier
arrangement where several electrons are produced for each impinging elec-
tron. The result—at the output—is a current amplified many times greater
than the current in the return beam.

It is evident that the most positive points on the plate return the least
number of electrons from the original scanning beam. Hence, the voltage
developed across the output-load resistor is inversely proportional to the
positive charge intensity on the target. As we shall see presently, this cor-
responds to negative phase polarity in the signal.

In order to function effectively, the two-sided target must be able to con-
duct between its two surfaces but not along either surface. The logic of
this is evident. Whatever charge appears on one side of the target due to
the focused image must likewise appear on the other side. It is this second
side which is scanned and it is from here that the video signal is obtained.
Hence, a conducting path must exist between the front and back sides.
However, nothing must disturb the relative potential that exists throughout
the charge pattern, as deposited on the front side of the target. Hence, no
conduction is permissible between the various elements of any one side of
the target plate. If this does occur, the charge differences between the vari-
ous points on the image disappear.

Until very recently, the two-sided target used in the image orthicon was
a thin sheet of low-resistivity glass. The resistivity between the front and
back sides was sufficiently low that by placing opposite charges on the sides,
complete neutralization (by conduction) would occur in less than 14, sec.
In this way, one frame was prevented from affecting the next frame.

The thin sheet of glass was about 174 in. in diameter. It was placed about
2 600 in. from a flat fine-mesh screen, the purpose of which was to collect sec-
ondary electrons that were knocked off the target when the photoelectrons
impinged upon it. In order not to interfere with the oncoming photoelectrons,
the mesh contained 500 to 1,000 meshes per linear inch, an open area of
from 50 to 75 per cent, and a considerable accuracy of spacing.

Recently, another type of material, magnesium oxide, has been developed
for target use in image orthicons. This material is said to overcome one of
the major objections to glass targets, namely, the tendency to become
“sticky” after several hundred hours of use. The term “sticky” refers to the
increasing tendency of glass targets to retain the image for longer and
longer periods of time. When stickiness becomes noticeable by causing
images of a previous scene to smear over the new scene, the tube must be
discarded. Stickiness has been a major cause of tube replacement.

Another limitation of glass targets is their susceptibility to permanent
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damage from what is called “burn-in,” which is caused by aiming the
camera at a bright, stationary highlight for too long a time. When this hap-
pens, the target acquires a permanent afterimage, or burn, which is evident
in all transmitted pictures from that time on. Burn-in is another cause of
tube replacement.

The ability of magnesium oxide targets to overcome these difficulties
stems from the fact that the oxide uses a different principle of conduction
between front and back sides. In the glass target, conduction occurs by the
movement of sodium ions. This is not a reversible action because the sodium
which travels from one side of the target to the other does not return to its
original position. In time, the ions are exhausted
and the useful life of the tube ceases.

With magnesium oxide targets, only electrons
travel from the rear to the front. This process
is reversible and the life of a tube is not limited
by the exhaustion of charged carriers. Thus, the
problems caused by stickiness and burn-in are
virtually eliminated, and the expected life of
the tube is appreciably extended. Furthermore,
camera tubes using these targets possess a higher
sensitivity because magnesium oxide yields a
higher secondary electron emission (for the
electrons reaching the target from the photosensi-
tive plate).

A major reason for the high sensitivity of
the image orthicon stems from the use of an
internal electron multiplier. In this multiplier,

WO —

then increased manyfold through a process of
secondary emission to provide an output current
which is several hundred times stronger than
it would be without a multiplier.

The multiplier structure in the image orthicon

Courtesy RCA

Fre. 1-15(A). Cut-away
view of image orthican
showing construction of

multiplier section.

from its surface. These
clectric field of grid no.
dynode no. 2. This latter

|
J
li the electrons in the return beam are captured and
|
|
i

consists of a series of circular screens set one
below the other around the gun. See Fig. 1-15.
The return beam is directed to dynode no. 1
(this is also grid no. 2) of a 5-stage electron
multiplier. For each electron that strikes this
electrode, two or more electrons are dislodged

secondary electrons are then directed (by the
3 and the higher voltage of dynode no. 2) to
element is a 32-blade pinwheel mounted directly
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Fic. 1-15(B). The path of the electrons as they travel through the screens of the
multiplier section (at left side of illustration).

below dynode no. 1. The arriving electrons strike the blade of dynode no.
2, causing secondary electrons to be emitted, which are drawn through the
slots to the next stage.

This multiplying process continues at each successive dynode, with an
ever-increasing stream of electrons, until those emitted from the final
dynode are collected by an anode and made available to the output circuit.

An amplification of 500 or more electrons is achieved in this fashion. The
multiplication so obtained maintains a high signal-to-noise ratio. The gain
of the multiplier is sufficient to raise the output signal above the noise level
of the video amplifiers to which the signal is fed so that the amplifiers con-
tribute no noise to the final video signal.

The Vidicon. The iconoscope and the image orthicon both depend on
the principal of photoemission, wherein electrons are emitted by a sub-
stance when it is exposed to light. The vidicon, on the other hand, is a
television camera tube that employs photoconductivity; that is, a substance
is used for the target whose resistance shows a marked decrease when
exposed to light.

The operating principal of the vidicon camera tube is illustrated in
Fig. 1-16. The target consists of a transparent conducting film (the signal
electrode) on the inner surface of the face plate and a thin photoconductive
layer deposited on the film. Each cross-sectional element of the photoconduc-
tive layer is an insulator in the dark that becomes slightly conductive when
it is illuminated, and acts like a leaky capacitor, having one plate at the
positive potential of the signal electrode and the other floating. When light
from the scene or film being televised is focused on the surface of the photo-
conductive laver next to the face plate, each cross-sectional illuminated
layer element conducts slightly, the current depending on the amount of
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Fic. 1-16. Internal construction of a vidicon.

light reaching that element. This causes the potential of its opposite surface
{i.e., the gun side) to rise to the signal electrode potential in less than the
scanning time of one frame. Hence, there appears on the gun side of the
entire layer surface a positive potential pattern composed of the various
element potentials corresponding to the pattern of light which is focused
on the photoconductive layer.

The gun side of the photoconductive layer is scanned by a low-velocity
electron beam produced by the electron gun. When the gun side of the
photoconductive layer, with its positive-potential pattern, is scanned by the
electron beam, electrons are deposited from the beam until the surface po-
tential is reduced to that of the cathode. This action produces a change in
the difference of potential between the two surfaces of the element being
scanned. When the two surfaces of the element, which in effect form a
charged capacitor, are connected through the external target (signal-elec-
trode) circuit and a scanning beam, a capacitive current is produced. This
current constitutes the video signal. The amount of current flow is propor-
tional to the surface potential of the element being scanned and to the rate of
the scan. The video-signal current is then used to develop a signal-output
voltage across the load resistor. The signal polarity is such that for highlights
in the image, the grid of the first-video amplifier tube swings in the nega-
tive direction. In the interval between scans, wherever the photoconductive
layer is exposed to light, the migration of charge through the layer causes
its surface potential to rise toward that of the signal plate. On the next scan,
a sufficient number of electrons are deposited by the beam to return the
surface-to-cathode potential.

The electron gun contains a cathode, a control grid (grid no. 1), and
an accelerating grid (grid no. 2). The beam is focused on the surface of the
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photoconductive layer by the combined action of the uniform magnetic field
of an external coil and the electrostatic field of grid no. 3. Grid no. 4 serves
to provide a uniform decelerating field between itself and the photocon-
ductive layer, so that the electron beam will tend to approach the layer in
a direction perpendicular to it, a condition which is necessary for driving the
surface-to-cathode potential. The beam electrons approach the layer at low
velocity because of the low-operating voltage of the signal electrode. Deflec-
tion of the beam across the photoconductive substance is obtained by ex-
ternal coils placed within the focusing field.

Photoconductive substances are capable of producing far greater cur-
rents per lumen of incident light than photoemissive substances. Conse-
quently, the vidicon is considerably more sensitive than either the image
orthicon or the iconoscope, and does not require an electron multiplier. Thus,
the vidicon is more simple structurally and can be built in a much smaller
glass envelope. Miniature vidicon pickup tubes have been built which are
only % in. in diameter antt 3 ins. long. In contrast, an image orthicon has
an average bulb diameter of 3'in. and an overall length of somewhat more
than 15 in,

Vidicons are employed principally for film and slide pickup in television
broadcast stations, although a few stations use vidicons for live pickup,
primarily for newscasts and shows of a similar type having little action.
Recause of its small size and much lower cost (than image orthicons), the
vidicon is almost exclusively employed for industrial application.

Camera tubes designed for studio use are housed in large rectangular
cases, then placed on dollies to allow the entire assembly to be moved from
one position to another quickly and quietly. The necessity for employing the
relatively large cases is due to the extremely small video currents generated
in the camera tubes, even under the most favorable conditions. If these tiny
currents were sent into the long connecting coaxial cables, they would be
too small to override the noise inherent in the system by the time the trans-
mitter was reached. To prevent this situation, several amplifiers are built
into the camera assembly along with the camera tube. Consequently, the
small video currents are amplified immediately and then sent into the con-
necting transmission line.

Figure 1-17 shows a present-day television studio camera. A television
studio camera in use is shown in Fig. 1-18.

Blanking and Synchronizing Signals. The cathode-ray beam at the
receiver must follow the transmitter action at every point. For example,
each time the camera-tube beam is blanked out, the same process must oc-
cur at the receiver and at the proper place on the screen. It is for this pur-
pose that blanking pulse signals are sent along with the video signals, those
that contain the image details. These blanking pulses, when applied to the
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Courtesy RCA

Fic. 1-17. A modern television camera. (Top) Rear view showing the various con-
trols that govern camera operation. (Botton) Inside of television camera. The camera
tube fits inside the large cylinder shown at the bottom of the cabinet.
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Courtesy RCA
Fic. 1-18. A television studio camera in use.

control grid of a cathode-ray tube, bias it to a large negative value, suf-
ficient to prevent any electrons from passing through the grid and on to the
fluorescent screen.

Blanking voltages, while preventing the electron beam from impinging
on the fluorescent screen during retrace periods, do not cause the movement
of the beam from the right- to the left-hand side of the screen, or from bot-
tom to top. For this, another set of pulses, superimposed over the blanking
gignals, control oscillators at the receiver and these, in turn, control the
position of the beam. The pulses are called “synchronizing pulses.” A hori-
gontal pulse at the end of each line causes the beam to be brought back to
the left-hand side, in position for the next line. Vertical pulses, at the end
of each field, are responsible for bringing the beam back to the top of the
image.

The Video Signal. In order to see how the picture detail, blanking sig-
nals, and synchronizing pulses are all combined to form the complete
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video signal, refer to Fig. 1-19. Here three complete lines have been scanned.
At the end of each line the blanking signal is imposed on the beam and
automatically prevents the electron beam from reaching the mosaic at the
camera or the fluorescent screen at the receiver. With the blanking signal
on, a synchronizing pulse is sent to cause (in this instance) the horizontal-
deflection coils to move the position of the electron beam from the right side
of the picture to the left. This movement accomplished, the job of the syn-
chronizing pulse is completed and a fraction of a second later the blanking
control releases its negative bias on the control grid of the cathode-ray tube
and the electron beam starts scanning again. The process continues until
all the lines (odd or even) in one field have been scanned.

The vertical motion ceases at the bottom of the field and it is necessary
to bring the beam quickly to the top of the image so that the next field
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Fig. 1-19. The complete video signal for three scanned lines.

can be traced. Since the vertical-triggering pulse and retrace require a
longer period of time than the horizontal-triggering pulse and retrace, a
longer blanking signal is inserted. As soon as the blanking signal takes hold,
the vertical-synchronizing pulse is sent. The form that this takes is shown
in Fig. 1-20. Because the horizontal-synchronizing pulses must not be inter-
rupted, even while the vertical-deflection coils are bringing the electron
beam to the top of the field, the long vertical pulse is broken into appro-
priate intervals. In this manner it is possible to send both horizontal and
vertical pulses at the same time, each type being accurately separated at the
receiver and transferred to the proper deflection system. Greater detail is
given on this point in Chapter 12. The term used for the series of synchro-
nizing pulses that combine to make up the total vertical signal is “serrated
vertical impulses.” This type of waveform has been established as stand-
ard in the United States.

Under the action of the vertical-deflection coils the beam is brought to
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Fig. 1-20. The form of the vertical-synchronizing pulses.

either point A or point E (Fig. 1-13) and then the usual camera action
starts anew.

Negative and Positive Video Polarity. A closer inspection of a video
signal (Fig. 1-21) reveals that of the total (100 per cent) amplitude avail-
able, from 75 to 80 per cent is set aside for the camera-signal variations.
At the level where the camera signal ceases, the blanking voltage is inserted.
The remaining 20 to 25 per cent of the amplitude is reserved for the hori-
zontal- or the vertical-synchronizing pulses. It will be noticed that, no mat-
ter where the camera signal happens to end, the blanking level and the
synchronizing pulses always reach the same amplitude. This is done pur-
posely at the transmitter, and several operations in the television receiver
depend upon this behavior. It must be remembered, however, that this action
does not necessarily have to be used, but is specifically employed because
of resulting simplicity at the receiver.

Figure 1-21 illustrates the form of the video signal as it 1s used in the
United States. From the relative polarity marked on the side (or vertical)
scale, it is seen that the brightest portions of the camera signal cause the least
amount of current to flow, or the voltage has the least amplitude. This action
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Fic. 1-21. The various proportions of a video signal.
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is exactly the opposite of the action at the iconoscope, as explained earlier in
this chapter. The signal-voltage (or current) values have been completely
reversed. The blanking voltage, which should be more negative than any
part of the camera signal, is actually more positive. And the synchronizing
pulses give the largest voltage and current of all.

Transmitting the signal in this form is known as “negative picture trans-
mission,” and the picture is said to be in the “negative picture phase.” If the
video signal is reversed so that it assumes the form of Fig. 1-22, it is called
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Fic. 1-22. The form of the video signal in positive transmission.

the positive picture phase” and, if transmitted, is known as “positive trans-
mission.” In the United States negative RF transmission is employed; in
England the other form is preferred. It is claimed here that less interference
is visible on the viewing screen with negative transmission and that better
all-round reception is obtained under adverse conditions. Be that as it may,
one standard has been decided upon, and all receivers must be constructed
to receive this signal. If a receiver designed for negative-picture-phase signals
receives a positive-picture-phase signal, all the light values of the image are
reversed on the viewing screen. The bright portions appear dark, the dark
portions appear light. The result is similar to a photographic negative, in
which the values are likewise reversed.

In the receiver, before the video signal is applied to the control grid of
the cathode-ray tube, the signal must possess the proper, or positive, pic-
ture phase. The grid of the cathode-ray tube is then biased by enough nega-
tive voltage that, when the blanking voltage section of the signal does act
at the grid, the electron beam is automatically prevented from reaching the
fluorescent screen. With the positive picture phase, the camera-signal volt-
ages are all more positive than the blanking pulse and, on these portions of
the video signal, the electron beam is permitted to impinge on the screen
with varying amounts of electrons. A bright spot in the received image
causes the grid to become more positive than when the voltage of a darker
spot is applied. More electrons in the beam mean that more light is emitted
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at the screen, and the various shades and light gradations of the image are
formed by different voltages.

The purpose of the blanking voltage in the video signal is to prevent
the electron beam from reaching the fluorescent screen. This fact is well
known by now. The point in the video wave where the blanking signal is lo-
cated oceurs in the region where the currents corresponding to the very dark
portions of the image are found. By the time the blanking voltage acts at the
control grid of the viewing tube, the beam is entirely cut off and nothing
appears on the screen., The blanking level is then properly called the
“plack region,” because nothing darker appears on the flourescent screen. By
nothing darker, we mean no light at all appears.

Now, consider the video signal of Fig. 1-22. With the blanking level
we find the synchronizing pulses. When applied to the viewing-tube con-
trol grid along with the rest of the wave, the pulses drive the grid to a nega-
tive voltage even greater than cutoff. The pulse region, for this reason, is
labeled blacker than black, because the position of the blanking signal has
been labeled black. The unwanted synchronizing pulses that ride through
the video amplifiers with the necessary video signal need not be removed
because they do not interfere in any way with the action of the control
grid at the cathode-ray tube. As will be shown presently the complete
video wave is applied, after the detector, to the synchronizing- and video-
amplifier circuits simultaneously. The synchronizing clipper tube permits
only the pulses to pass through, whereas the video amplifiers allow the
entire signal to pass.

Why Television Requires Wide Frequency Bands. In dealing with
television receivers, it will be found that extensive use is made of wide-band
amplifiers designed to receive signals extending over a band 4 to 6 mega-
c¢ycles (mec) wide. The different forms which these amplifiers may assume
and their characteristics are discussed in later chapters; however, the reason
for the extremely wide bandwidth may be appreciated now.

In the foregoing paragraphs on television images, it was brought out that
the more elements in a picture, the finer the detail that is portrayed. The
picture can also stand closer inspection before its smooth, continuous ap-
pearance is lost. Each %4, sec, 525 lines are scanned, or a total of 15,750
lines in 1 sec. If each horizontal line contains 700 separate elements, then
15,750 X 700, or 11,025,000, elements or electrical impulses are transmitted
each second. In order to attain full advantage of the use of this number of
eélements, it is first necessary to determine what relationship exists between
two quantities: number of elements and bandwidth.

Consider, for example, that the mosaic plate in the iconoscope is broken
up into a series of black and white dots, each dot representing one ele-
ment. The resulting pattern is shown in Fig. 1-23(A). As the scanning
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beam passes over each element in turn, a pulse of current flows every time
a white dot is reached, for this element has a large deficiency of electrons.
At the next element, the current drops to zero, for theoretically a black dot
represents an element that has received no light at all. It therefore requires
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Fig. 1-23. The basic relationship between the number of elements in an image and
the width of the frequency band required.

no additional replacement of electrons. In one complete horizontal line, the
electric pulses of current would have the shape shown in Fig. 1-23(B).

If one maximum point in the wave is combined with its succeeding mini-
mum point, one complete cycle is obtained. The same situation prevails in
any sine wave. See Fig. 1-23(C). Since each white dot represents a maxi-
mum point and each black dot a minimum point, taking the total number
of white and black dots on a line and dividing their sum by 2 gives the
number of cycles the current goes through when one horizontal line is
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scanned. With 700 elements (dots, in this case) on a line, a fundamental
frequency of 350 cycles is generated.

Under present standards, 525 lines are scanned in 15, sec, or a total of
15,750 in 1 sec. Employing 700 elements per line, 11,025,000 picture ele-
ments are sent each second, which, for our analysis, results in a frequency of
11,025,000

2
lowed. Thus, for the video section alone, this extremely large bandwidth must
be passed by all the tuned circuits of the television receiver.

The above situation would seldom, if ever, be found in practice. How-
ever, the figures obtained by this reasoning yield results that have been found
satisfactory, and the method, from this viewpoint, is justified.

Although 4 mc are required to accommodate the video information alone,
the bandwidth set in practice is 6 me. Of the extra 2 mc, the FM audio
carrier uses 50 (ke). Apparently considerable bandwidth is not utilized. The
reason for the extra space is found in the process whereby the television
video carrier is generated.

On ordinary broadecast frequencies, it is common knowledge that most
stations occupy a 10-ke bandwidth, or =5 ke about the carrier position.
Thus, if a station is assigned to the frequency of 700 ke, it transmits a sig-
nal that occupies just as much frequency space on one side of 700 ke as on
the other. Under existing FCC regulations, the maximum deviation is
5 ke (or 5,000 cycles) on either side of the carrier position of 700 ke. Techni-
cally, we say that these side frequencies are “side bands” for the present il-
lustration, each side band may have a maximum deviation of 5 ke about
the mean, or carrier, position. The information of the signal is contained in
the side bands, since they are not generated until speech or music or other
sounds are projected into the microphone. At the receiver, the variations in
the side bands are transformed into audible sounds and heard by the radio
listener.

It can be shown that those side bands that are generated with frequen-
cies higher than the carrier frequency contain the same information as the
side bands with frequencies lower than the carrier. In other words, if one
set of side bands (either above or below the carrier) were eliminated, we
could still obtain all the necessary information at our receiver. The only
reason one side band is not eliminated is for economic reasons. A trans-
mitter naturally generates both side bands, and it is cheaper to transmit both
than to try to eliminate one by expensive and complicated filters. However-
single side-band transmission does exist for certain communication facilities.

Now, let us turn our attention to the video signal. This signal is generated
by fundamentally the same type of apparatus that is employed at the sound
broadcast frequencies. Since 4 mc are needed for the picture detail, a sig-

eps, or 5.51 me. In actual practice, a band width of 4 me is al-
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nal would be generated that extended 8 me, or =4 me about the carrier.
And this bandspread does not include the sound. An 8-nic band is undesir-
able because of the ether space occupied and the difficulties inherent in trans-
mitting a signal of this bandwidth. Hence, the need arises for removing one
side band, since, as noted above, only one is required.

The undesired side band is removed by filters that follow the last am-
plifier of the television transmitter. But filters are not easily constructed
that will cut off one side band sharply and completely, and leave only the
one desired. Furthermore, in the process of elimination, nothing must occur
that changes the amplitude or phase of any of the components in the desired
side band. As a compromise arrangement, most, but not all, of one side
band is removed and in this way the remaining side band is least affected by
the filtering. Thus part of the 2 mc of the total 6-mc bandwidth is occu-
pied by what may be called the “remnants” of the undesired side band. This
method is known as “quasi-single-side-band” or “vestigial-side-band” oper-
ation.

In Fig. 1-24(A) is the television video signal as it appears with both side
bands present, and Fig. 1-24(B) shows the signal as it appears after passage
through filters that partially remove one side band. The frequency of the
carrier is found 1.25 me above the low-frequency edge of the television sig-
nal. Then for 4 me above this, we have the television video signal with the
desired picture information. See Fig. 1-24. A 0.5-mec bandwidth separates
the high-frequency edge of the video signal and the FM carrier. The space
is left for the purpose of preventing undesirable interaction between the
two, for example, cross-modulation, which would lead to distortion of the
video signal. In this manner the allotted 6 me are distributed.

Effect of Loss of Low and High Video Frequencies. While uniform
response over a 4-mc band may be required in the picture IF and video
amplifiers, this is not easily attained in practice. Special circuit designs
must be resorted to; these are more fully explained at the appropriate
places in later chapters. For the moment, it is only necessary to point out
the effects of poor response at the high- or low-frequency ends of the
band.

In the preceding analysis we have seen that a greater number of ele-
ments requires a greater bandwidth if advantage is to be taken of the
increase. Since detail is determined mainly by the number of very small
elements, any decrease in the response at the higher frequencies will result
in less fine detail available at the receiving cathode-ray screen. The pic-
ture will lose some of its sharpness and may even appear somewhat blurred
if the high-frequency response is degraded enough. In commercial tele-
vision receivers, a video passband of from 3.3 to 4.0 me is generally con-
sidered good, while anything below 3.0 me is not too desirable.
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At the low-frequency end of the band, poor frequency response results in
obliterating the slow changes that occur in background shading. However,
with the manually adjustable brightness control ( to be described later) it
is possible to counteract to some extent the bad effects of the poor response.

Frequency Allocations. With a maximum bandwidth set at 6 me, it is
clear that in order to operate even as few stations as five in any one
area, a band 30 mc wide must be provided. With most of the lower fre-
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Fic. 1-24. (A) Double-side-band and (B) vestigal-side-band transmission of televi-
sion signals. B is standard in the United States and represents the signal as sent.

quencies already occupied by existing services, television was allotted space
at the high frequencies—from 54 mc up. The advantage of using the higher
frequencies lies in the vast amount of free ether space that is available.
The chief disadvantage of using the higher frequencies is the limited area
over which these waves are effective. In most localities, a receiver should
be within 60 miles of the transmitting tower to receive enough signal to
develop a satisfactory picture. And even then, such obstacles as hills
and mountains may obstruct the free travel of the signal sufficiently to pre-
vent any reception at all. The antenna at the receiver plays an important
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role in developing satisfactory reception. Chapter 2 is devoted entirely to a
study of television antennas.

Signal distribution from station to station across the country is made
by coaxial cables and microwave relays. A section of a transmission cable
(Fig. 1-25) contains eight independent concentric cables, together with 49
paper-insulated wires for testing and maintenance purposes. A pair of the

Fic. 1-25. A coaxial transmission cable with the outside lead and paper covering

removed to show the eight coaxial tubes and also the paper-insulated wires. Held

between the gloved fingers are the plastic dises which separate and insulate the inner
wire from the outer copper tube.

concentric cables fully terminated by the proper repeater stations is capable
of handling about 600 simultaneous telephone conversations, or one tele-
vision program in each direction. Each of these copper tubes is about the
diameter of a man’s small finger. Running down the center of each tube
is a copper wire about the size of a pencil lead, held in place by round in-
sulating discs. Both the cgpper tube and the wire inside have the same axis,
hence the name “concentric,” or “coaxial” cable.

Microwave systems, which may be used for long-distance telephone calls
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as well as television, make use of very short radio waves (about 4,000 me).
These microwaves are free from static and most manmade interference and
shoot off into space instead of following the curvature of the earth. There-
fore, the waves are gathered into a
beam and aimed at towers, usually
located atop high buildings or hill-
tops. Microwaves are focused in
narrow beams from one point to
another by huge horn-shaped anten-
nas. Microwaves can be beamed over
distances of from 30 to 40 miles, just
as long as there is no interference
in its line-of-sight path. Typical
of the microwave-relay stations on
hilltops is the one located along the
Bell System radio-relay route in
Colorado. See Fig. 1-26.

Figure 1-27 shows the Bell Sys-
tem’s coaxial-cable and radio-relay
system as it exists now. While not
shown separately, some parts of the
routes use microwave relay and other
sections use. e G e Fic. 1-26. A radio relay tower used for
ample,r the lmk. betwee.n Boston. and the reception and transmission of televi-
New York consists entirely of micro- sion signals.
wave-relay stations, while from New
York, southward and westward, there is coaxial cable. There is a micro-
wave-relay system between New York and Chicago to supplement the
coaxial cable between these two cities. Other systems besides the Bell
System are in operation, but the latter is the most extensive.

The allocation of channels for television broadcasting, as it now stands,
is shown on page 39.

When television allocations were first made in 1946, 13 channels were
assigned to television broadcasting. These included the 12 VHF channels
listed on page 39 plus channel 1 at 44 to 50 me. At the same time, nongovern-
ment fixed and mobile radio services were permitted to share television chan-
nels 1 through 5 and 9 through 13. However, it did not take long to demon-
strate that sharing was impractical because of serious interference to
television reception. It was then decided to allot channel 1 entirely to non-
government fixed and mobile services and to eliminate sharing of television
channels 1 through 5 and 9 through 13.
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Chaanel
No.
14
15
16
17
18
19
20
21
22
23
24
25
26

Channel

Channel

Freq. (me)

470-476
476-482
482-488
488-494
494-500
500-506
506-512
512-518
518-524
524-530
530-536
536-542
542-548
548-554
554-560
560-566
566-572
572-518
578-584
584-590
590-596
596-602
602-608
608-614

THE TELEVISION FIELD

Channel
Freq. (imc)
54-6)
60-66
66-72  lower VHF band
76-82
82-88

174-180)

180-186

186-192

192-198} upper VHF band
198-204 |

204-210
210-216)
UHF Band
Channel  Channel Channel

No. Freq. (mc) No.
38 614-620 62
39 620-626 63
40 626-632 64
41 632-638 65
42 638-644 66
43 644-650 67
44 650-656 68
45 656-662 69
46 662-668 70
47 668-674 71
48 674-680 72
49 680-686 73
59 686-692 74
51 692-698 75
52 698-704 76
53 704-710 77
54 710-716 78
55 716-722 79
56 722-728 80
57 728-734 81
58 734-749 82
59 740-746 83
60 746-752

61 752-758

39

Channel
Freq. (me)
758-761
764-770
770-776
776-782
782-783
788-791
794-800
8J0-876
806-812
812-818
818-324
821-83)
83)-836
836-842
842-84%
848-85t
854-86)
860-866
866-872
872-878
878-884
884-890

The UHF band, containing channels 14 to 83, was opened to commercial
broadeasting on July 1, 1952 and a number of stations are now operating in

this band.

FM for Audio Transmission. When standards were established for
commercial television broadeasting, it was directed that FM was to be
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used for the audio portions of the television signal, and amplitude modu-
lation for the video portion of the signal. FM for the audio offers noise-
free reception and higher fidelity because of the possible use of audio fre-
quencies up to 15,000 cycles. This type of modulation, however, has been
found to give poorer results for the video signal, and amplitude modulation
has been retained for two reasons.

Let us consider, for example, an antenna receiving two waves from the
same transmitter. One ray traveled directly from transmitter to receiver,
while the other ray (which we shall call “the reflected ray”) arrived at the
receiver by a longer, more indirect path. This could have occurred if the sec-
ond ray was moving in some other direction, hit an obstacle in its path, and
was reflected toward the receiving antenna. Because the reflected ray trav-
eled a longer path to reach the receiving antenna, it arrived a small frac-
tion of a second after the direct ray. During the interval between received
rays, the electron beam traveled a short distance across the fluorescent
screen. The end result is two similar images, slightly displaced with relation
to each other. This condition is known as “ghosts” and occurs when AM is
used. The same situation with FM also produces a ghost image, but the two
contrasts are more prominent and prove more distracting than the ghost
images of AM.

Another advantage of AM over FM for the video signal is the better
synchronizing action observed. When there are several paths that a signal
may follow in reaching the receiving antenna, or when there are other types
of interference, the synchronizing pulses tend less to become obliterated in
the AM signal. Loss of the synchronizing pulses means no control of the
motion of the electron beam as it moves across the screen. The image, under
this condition, would appear streaked at points where the synchronizing
action was lost.

The distance over which the signal can be transmitted directly is the
same, whether FM or AM is employed. Frequency, and only frequency, is
the determining factor. As explained in Chapter 2, the usable range at these
high frequencies is governed by the height of the receiving and transmitting
antennas above the ground.

QUESTIONS

1. Why do television receivers have more panel controls than sound receivers?

2. What is a fine-tuning control? Why is it necessary in most television
receivers?

3. What are some of the desirable characteristics that an image should possess?
Explain each briefly.

4. a. Draw a block diagram of a split-sound television receiver. b. Where do
intercarrier and split-sound television receivers differ?
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Of what does a complete television signal consist?
State briefly the function of each stage in a television receiver.
What is the purpose of synchronizing pulses?
. Name three types of television cameras. Explain briefly the operation of
one of these tubes.
9. Define scanning. What type of scanning is standard today? Why?

10. Define frame frequency, field frequency, and line frequency. Give values
for each.

11. What would happen to the receiver image if blanking voltages were not
employed in the video signal?

12. Discuss negative and positive picture polarity.

13. How do English and American television signals differ? What effect does
this difference have on the reproduced image? What would happen if an American-
made receiver received English television signals?

14. Explain why video signals require wide frequency bands.

15. What effect does the bandwidth of the television signal have on the form of
the final transmitted signal? Explain.

16. List all the VHF channels currently assigned to television broadeasts, giving
frequencies in each instance. How many UHF channels are there?

17. What is the visual effect of a loss of high video frequencies? Low video
frequencies ?

18. Why is FM employed for sound transmission and AM for video-signal
transmission ?

19. What relationship exists between flicker and the method employed for
seanning ?

20. Discuss in detail the motion of the electron beam in interlaced scanning.

21. How is horizontal synchronization maintained while the vertical pulses are
active? What is this called?

22. What is the horizontal-scanning frequency ? The vertical-scanning frequency?
Explain how each figure is arrived at.

23, What is meant by vestigial side-band transmission? How does this differ
from the type of transmission employed in standard broadcast practice?

24. Are relay stations necessary for television transmission? Where are relay
stations useful ?

25. List the video front-panel controls that are generally used in commercial
television receivers. State their function briefly.

26. Why must amplifiers be included with a camera unit?

27. Draw two lines of a complete video signal including two blanking and syne
pulses. Draw the video in positive picture phase.

28. What is an electron multiplier? Where is it used?

29. What is the time, in microseconds, for one complete horizontal line?

® N o



CHAPTER 2

High-Frequency Waves and the
Television Antenna

Introduction. The antenna of a television receiver requires much more
attention and care, especially with regard to placement, than the antenna of
the ordinary sound receiver. In order to obtain a clear, well-formed image on
the cathode-ray-tube screen, the following requirements must be met:

1. Sufficient signal strength must be developed at the antenna.

2. The signal must be received from one source, not several.

3. The antenna must be placed well away from manmade sources of in-
terference.

In sound receivers, a certain amount of interference and distortion is
permissible. If not excessive, reception of the broadcast is satisfactory. For
television, however, the standards are more strict, and added precautions
must be taken to guard against almost every type of interference and dis-
tortion. Hence, the need for more elaborate antenna receiving systems.

The position of the antenna must be chosen carefully, not only to give
additional signal strength, but to avoid the appearance of so-called “ghosts”
on the image screen which are due to the simultaneous reception of the same
signal from two or more directions. For an explanation of this form of inter-
ference, refer to Fig. 2-1, in which a television dipole antenna is receiving one
signal directly from the transmitting tower, while another ray strikes the
same antenna after following a longer, indirect path. Reflection from a
building or other large object could cause the indirect ray to reach the
antenna.

Because of the longer distance the reflected ray travels, it will arrive
a small fraction of a second later than the direct ray. With sound receivers,
the ear does not detect the difference. On a television sereen, the scanning
beam has traveled a short distance by the time the reflected ray arrives at

42
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FiG. 2-1. The reflected ray and the direct ray arrive at the receiving antenna and
form double images, or “ghosts.”

the receiver. Hence, the image contained in the reflected ray appears on the
screen displaced a short distance from similar detail contained in the direct.
ray. The result is shown in Fig. 2-2. When the effect is pronounced, a com-
plete double image is obtained and the picture appears blurred. To correct
this condition, it is nccessary to change the position of the antenna until only
one ray is received. The antenna should not be turned to favor the reflected
signal unless it is impossible to obtain a clear image with the direct ray. The
properties of reflecting surfaces change with time, and there is no certainty
that a good signal will always be received.

/)

Fic. 2-2. A “ghost” image on a television viewing screen.
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The placement of the antenna is generally the most difficult operation of
a television installation. To obtain optimum results, it is necessary for the
serviceman or other person erecting the antenna to have a good understand-
ing of the behavior of radio waves at the high frequencies.

Radio-wave Propagation. Transmitted radio waves at all frequencies
may travel in either of two general directions. One wave closely follows the
surface of the earth, whereas the other travels upward at an angle which
is dependent on the position of the transmitting radiator. The former is
known as the “ground wave,” the latter as the “sky wave.” At the low fre-
quencies, up to approximately 1,500 ke, the ground-wave attenuation is low,
and signals travel for long distances before they disappear. Above the
broadeast band, ground-wave attenuation increases rapidly, and all exten-
sive communication is carried on solely by means of the sky wave.

The sky wave leaves the earth at an angle that may have any value
from 3 to 90 deg, and travels in almost a straight line until the ionosphere
is reached. This region, which begins about 70 miles above the surface of the
earth, contains large concentrations of charged gaseous ions, free electrons,
and uncharged, or neutral, molecules. The ions and free electrons act on all
passing electromagnetic waves and tend to bend these waves back to earth.
Whether the bending is complete (and the wave does return to the earth) or
only partial depends on several factors:

1. The frequency of the radio wave

2. The angle at which the wave enters the ionosphere

3. The density of the charged particles (ions and electrons) in the
ionosphere at that particular moment

4. The thickness of the ionosphere at the time

Extensive experiments indicate that, as the frequency of a wave increases,
a smaller entering angle is necessary in order for complete bending to occur.
As an illustration, consider waves A and B in Fig. 2-3. Wave A enters the
ionosphere at a small angle and, hence, little bending is required to return it
to earth. Wave B, subject to the same amount of bending, heads outward,
however, because its initial entering angle was too great. Naturally, the lat-
ter wave would not be useful for communication purposes.

By raising the frequency still higher, the maximum incident angle at the
ionosphere becomes smaller, until finally a frequency is reached where it
becomes impossible to bend the wave back to earth, no matter what angle
is used. For ordinary ionospheric conditions, this frequency occurs at about 35
to 40 me. Above such frequencies, the sky wave is useless so far as radio
communication is concerned. Only the direct ray is of any use. Television
bands starting above 40 me fall into this category. By direct ray (or rays),
we mean the radio waves that travel in a straight line from transmitter to
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receiver. Ordinarily, at lower frequencies, the radio waves are sent to the
ionosphere and from there to the receiver at a distant point. With high fre-
quencies, the ionosphere is no longer useful, so the former sky waves must be
concentrated into a path leading directly to the receiver. If not intercepted
by the receiver, they finally strike the ionosphere and are lost. It is this re-
striction to the use of the direct ray that limits the distance in which high-
frequency communication can take place.

There are present, at times, unusual conditions which cause the concen-
trations of charged particles in the ionosphere to increase sharply. At these
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Fic. 2-3. At the higher frequencies a radio wave must enter the ionosphere at small
angles if it is to be returned to earth.

.

times, it is possible to bend radio waves of frequencies up to 60 me. The exact
time and place of these phenomena cannot be predicted and hence are of
little value for commercial operation. They do explain to some extent the
distant reception of high-frequency signals that may occur.

Line-of-sight Distance. At the frequencies employed for television,
reception is possible only when the receiver antenna directly intercepts the
signals as they travel away from the transmitter. These electromagnetic
waves travel in essentially straight lines, and the problem resolves itself into
finding the maximum distance from the transmitter where the receiver can be
placed and still have its antenna intercept the rays. This distance may be
computed as follows.

In Fig. 2-4, let the height of the transmitting antenna be called h, the
radius of the earth R, and the distance from the top of the antenna to the
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Fig. 2-4. Computation of the line-of-sight distance for high-frequency radio waves.

horizon d. These give us a right triangle. From elementary geometry it is
possible to write the following equation:

(R+h)*=R"+d*= R+ 2Rh, + b
Since h; is very small compared with the radius of the earth, the 2 term
may be neglected. This leaves

d> = 2Rh,

The value of R is approximately 4,000 miles. Substituting this value in
the above equation, and changing k, from miles to feet, we obtain

d = 1.23Vh,

where d is in miles, h; is in feet. The relationship between d and k, for vari-
ous values of h; is shown in graph form in Fig. 2-5.

The coverage for any transmitting antenna will inereasc with its height.
The number of receivers capable of receiving the signals will likewise in-
crease. This fact accounts for the placement of television antennas atop tall
buildings (for example, the Empire State Building, New York City) and on
high plateaus.

The signal range thus computed is from the top of the transmitting an-
tenna to the horizon. By placing the receiving antenna some distance in the
air, it should be possible to cover a greater distance before the curvature of
the earth again interferes with the direct ray. Such a situation is depicted in
Fig. 2-6. By means of simple geometrical reasoning, the maximum distance
between the two antennas now becomes

d = 1.23(Vh; + Vh,)

where A, is the height of the receiving antenna in feet.

Unwanted Signal Paths. While the foregoing computed distances
apply to the direct ray, there are other paths that waves may follow from
the transmitting to the receiving antennas. All of these other rays are
undesirable because they tend to distort and interfere with the direct-ray
image on the screen. One method, reflection from surrounding objects, has
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FiG. 2-5. The relationship between the height of the transmitting antenna in feet
and the distance in miles from the antenna that the ray may be received.

already been discussed. Another ray may arrive at the receiver by reflection
from the surface of the earth. This path is shown in Fig. 2-7. At the point
where the reflected ray impinges on the earth, phase reversals up to 180
deg have been found to occur. This phase shift thus places a wave at the
receiving antenna which generally acts against the direct ray. The overall
effect is a general lowering of the resultant-signal level and the appearance
of annoying ghost images.

There are, however, compensating con