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PAST, PRESENT AND FUTURE 1

TELEVISION

PAST, PRESENT AND FUTURE

1-1 After decades of scientific development, television is no
longer a laboratory curiosity, but a full-fledged industry des-
tined to contribute its share to man’s welfare and standard of
living. Few other developments have beensolong predicted and
awaited, and few other industries have had so many false starts
before finally becoming practical realities.

What is television? Whyhas itbeenso long sought? Is it the
motion picture brought into the home, or radio with vision?
Perhaps the word itself will help us answer some of these and
other questions. Literally, its translation from Greek or Latin
means the art of seeing ata distance. These wordsare an exact
descriptionof television. Through the medium of television we
are able to view distant places from the privacy of our homes.

The entertainment and educational possibilities of television
are almost limitless. Spot news pick-ups, coverage of sport-
ing events, the drama of the theater, musical concerts, are only
afew of the programs already being transmitted. Television’s
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ability to let you see as well as hear your favorite radio pro-
grams, comedians, artists and speakerswill enrich your leisure
hours.

Present experimental and full-time programs indicate the ed-
ucational advantages of television. Childrenlearnquickly from
a picture, and several excellent programs, devoted entirely to
children, have already appeared. They provide entertainment
and at the same time, teach patriotism, tolerance, facts about
distant peoples and countries, and other useful lessons.

Classroom demonstrations with television receivers have been
triedin high schools and colleges, and suggest the possibilities
of mass education via television. Renowned lecturerscanreach
large audiences without having to travel to them. An important
use of suchfacilities hasbeen demonstrated in medical schools.
Atelevision camera, suspended over a patientina hospital oper -
ating room, sent close-up pictures to medical students seated
around distant receivers. If these students had actually been
in the operating room itself, they would not have had as good a
view as that obtained by television.

Scientist, lawyer, laborer ... we shall all derive benefits
from television. Television combines the sound of radio with
the infor mation of the newspaper, the entertainment of the theater
and the motion picture. It is a unique development, borrowing
from all fields of communication. It will develop its own spe-
cialists and techniques and evolve as an art in itself.

Is television really here? From almost every standpoint it
has arrived. Using the year 1948 as a reference, we can find
facts to substantiate this:

a, Atthe end of 1948, 42 cities in 28 states had television sta-
tions bringing television to almost 70 million persons.

b. Well over 100 commercial television stations had been au-
thorized by the Federal Communications Commission. Appli-
cations for additional stations totaled more than 300. By the
end of 1950, 150 stations are expected to be in operation.

c. Estimates indicate that 900,000 television receivers were
produced in 1948, bringingthe total number in the country close
to a million. Production estimates for coming years indicate
there will be 3 million television receivers in use by 1950; 10
million by 1953.

d. Several television networks are already in operation, link-
ing distant cities together. One means of connecting stations
is being provided by the American Telephone and Telegraph
Company, which hasbeen laying coaxial lines between television
areas. New York, Philadelphia, Baltimore, Washington, Rich-
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mond, Buffalo, Cleveland, Toledo, Detroit, Chicago, Milwaukee
and St. Louis have been linked by cable and relay. By 1951,
this intercity network will be extended to the Pacific Coast,
making possible nation-wide television transmission. The ex-
tensive networkplans of the A.T. & T. system are shown on the
map of Figure 1.
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Figure 1. Network routes of the American Telephone and Tel-
egraph Company, showing the cities which will be linked by co-
axial cables.

e. Withincreases in the production of television receivers and
the entrance of new manufacturers into the field, competition
will become keener and priceslower. Approximately 100 man-
ufacturers are now in the business of making television receiv-
ers and kits. Althoughthe present price range of receivers ex-
tends from about $100 to $2500, the average retail price of re-
ceivers in volume production during 1948 was around $400.
Thisfigure is expectedto dropeach year. Itis not unlikely that
large screen receivers will be avaijlable within two years for
less than $200, thus bringing television into the price range of
the lower income groups.

f. Televisionis one of the country’s fastest growing industries.
Leaders in the industry estimate that by 1953, five years from
today, it should represent an over-all capital investment of
$2,630,000,600 and give employment directly and indirectly to
as many as 292,000 persons. Its effectiveness as an advertis-
ing medium may result in a ten percent increase in the sale of
many products. ¢
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In considering television as an industry, it is necessary to
break it down into its essential components. They are televi-~
sion broadcasting, the manufacture, distribution and servicing
of television receivers, industrial television, and military tele-
vision.

1-2 Television Broadcasting. The Federal Communications
Commission has made provision for approximately 1,000 sta-
tions, in the band now in use, and in the band between 475 and
890 megacycles, set aside for future use. The FCC expects to
complete channel assignments inthe low band shortly, and there
is every likelihood that additional channels will be allocated in
the high band within the next few years. Although the cost of
television station installations varies greatly, $300,000isa con-
servative estimate for a complete unit. To supply the equipment
for 1,000 stations will require an industry in itself.

A station originating network programs may employ as many
as 150 persons; a small station in a city under 50,000 popula-
tion, perhapsas few as sevenor ten. In addition, there are the
artists, script writers, and advertising copy writers. The film
industry, which is already supplying a number of programs for
use by television outlets, will create further employment.

The following estimated figures give a clue to the possible
scope (employees and investment) of the television broadcast-
ing industry in 1953:

Employees
Full-time employees in stations . . . . . .. .. 15,000
Advertising agencies, artists, etc . . . .. . .. 12,000
Filmsupplies. . . . . .. ... ......... 2.000
Manufacturers of equipment . . . . .. ... .. 3,000
Total 32,000

Investment
Television transmitters . . . . . . .. .. $70,000,000
Manufacturing facilities . . . . . . .. .. 10,000,000

0 Total  $80,000,000
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1-3 Television Receiver Manufacturing. By 1953, 10 million
television receivers are expected to be in use. To place a re-
ceiver in a home requires many steps and many hands: among
them, purchase of parts from specialized suppliers, assembly
by the manufacturer, distribution through jobbers and dealers,
installation and servicing, etc. A statistical breakdown of this
phase of television activity based on an estimate for 1953 ap-
pears below:

Employees

In receiver factories . . . . . . . . . ... 40,000
Distributors, dealers,

installation and service . . . . . . . . . . .. 50,000
Parts suppliers . . . . . . . .. ..o .. 75,000
Total 165,000

Investment
Television receivers . . . . . . . . . . $2,000,000,000
Manufacturing facilities . . . .. . .. 225,000,000

Total  $2,225,000,000

1-4 Television Networks. Inorder to supply the 200 television

stations contemplated in 1953, some 20,000 miles of coaxial
cable will be necessary to provide network-program service.
Micro-wave radio relaying facilities may add another 20,000
miles of circuit connections.

The number of employees to install and service this network
equipment is estimated at 10,000. The investment in cables and
radio relay facilities will be $100,000,000.

1-5 Industrial Television. Television has many non-entertain-
ment uses such as in department store advertising, mass edu-
cation through private facilities, aircraft navigation, plant pro-
tection, and traffic control. The estimates of employment and
investment in this field by 1953 are:

Employees needed for manufacture, installation and main-
tenance, 30,000.

Investment required for equipment, $200,000,000.
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1-6 Theater Television. Commercial application of theater
televisionhas not advanced to any great extent thus far, but, in
order to compete against home receivers, it is expected that
half of the nation’s film theaters may be equipped to show tele-
vised events on large theater screens. Theaters would need
their own pick-up equipment and relay facilities, requiring ad-
ditional employees. Thepossibilities for 1955 in this field are:

Employees for installation, maintenance and operation, 10.000.

Investment for theater equipment and pick-up and relay facil-
ities, $50,000,000.

1-7 Military Television. Military applications of television
are veiled in secrecy, but we do know of the use of television
to control robot planes and operate guided missiles. If world
events continue to require military preparedness on a large
scale, suchapplications of television will be constantly expand-
ed.

1-8 Future Developments. The full potentialities of television
have not yet been realized. With the improvements that will
come in program qualitity as more and more advertisers look
to this new medium as a means of selling, there will also be
technical advances to make program coverage even more ex-
citing. As radio now spans continents, so will television. The
international olympics, the coronation of a foreign king, trav-
elogs in distant countries, all will make television a more en-
tertaining and educational medium. ‘“Two-way television’’ will
make it possible for two entertainers located in distant cities
toappear onthe same screen, or for two political candidates to
debate an issue though they are separated by a great distance.
Political campaigns, conventions, congressional hearings will
all be influenced by television, whichwill make the public more
acutely aware of its governments representatives and operation.
It is not beyond the realm of possibility that international tele-
visionwill create a better understanding among peoples of dif-
ferent lands and serve as a potent instrument of peace.

The use of television in airplanes will become a practical re-
ality. Stationswill have camera-equipped planes as part of their
remote pick-up equipment. The airplanes will be able to take
off at a moment’s notice to give the viewing audience a birds-
eye view of floods, forest fires, rescues at sea, volcanic erup-
tions, and other newsworthy happenings.
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Further studies of the transmission and reception of signals
at very high frequencies may make it possible to use built-in
antennas and eliminate the need for outdoor installations.

An inevitable development, no matter what the manifold appli-
cations of television will be, is color television. All the beau-
ties of art and nature will take on more vivid reality when tele-
vised in color.

Television is the long sought goal of manto span time and
space. No other medium more adequately fulfills man’s dream
of bringing the world into his home.

1-9 Color Television. In 1946, the Federal Communications
Commission held hearings to determine whether or not to allow
standardization of a color television system. The proponents
of black-and-white television arguedthatno low cost, all-elec-
tronic color system had been demonstrated and that it would be
unfair todeprive the public of the already perfected black-and-
white system. Thebackersof color television, particularly the
Columbia Broadcasting System which had developed a combined
electronic and mechanical color system, maintained that the en-
gineering methods of color transmission had been fully worked
out and would very shortly make black-and-white television ob-
solete. The FCC’s decision when finally handed down gave the
“green light’” to black-and-white television, on the basis that
the color system developed by CBS had several limitations which
would prevent the full commercial exploitation of television.
The FCC also indicated that other methods of color transmission
had been demonstrated at the hearings which showed promise
of the development of an all electronic color system. Lack of
sufficient data on the various methods prevented the establish-
ment of acceptable standards at the time of the hearings, and it
is expected that at least five more years of laboratory research
willbe requiredbefore a practical color system canbe evolved.
The rapid growth of black-and-white television since 1946 bears
out the wisdom of the FCC’s decision.

1-10 Television vs. Radio Broadcasting and Motion Pictures.
Although television is actually a specialized form of radio, it
requires not only certain modifications of familiar radio cir-
cuits, but also various new circuits, techniques, and equipment.
Whereas standard radiotransmission involves the conversion of
sound into electrical energy at the transmitter and the recon-
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versionof electrical energy into sound at the receiver, television
requires that light be converted into electricity at the trans-
mitter and back again into light at the receiver.

Television is similar to motion pictures in many respects
since both media reproduce on a viewing screen a series of
images which create the illusion of uninterrupted motion. The
methods used to obtain the illusion of motion in television and
in the motionpicture are considerably different, but, since both
media must satisfy the requirements of the human eye, there
are certainsalient features of each whichare identical. An un-
derstanding of how motion pictures create the illusion of mo-
tion is an excellent stepping stone in learning the more com-
plex system used in television. To understand either medium,
some of the elementary properties and functions of the human
eye must be known.

THE HUMAN EYE AND THE TELEVISION SYSTEM

1-11 How the Eye Sees. Just as radio achieves the duplica-
tion of sound and the properties of the ear, so must any tele-
vision systempossess the remarkable powers of the eye to see
and reproduce an image. A study of the characteristics of the
humaneye and how it sees will unfold many of the mysteries of
television systems, past and present, and explain the need for
many of the features in these systems. With this understanding
of the visual organs of the body, the reader will appreciate how
closely present day television imitates the functions of the eye
in order to accomplish its purpose.

A sketchof the structure of the human eye is shown at the top
of Figure 2, and a cross-section of a simple camera is shown
in the bottom half for purposes of comparison. When taking a
picture with such a camera, the first step is the focusing of the
light reflected from the subject so that it will form a sharp im-
age on the sensitized film. This is accomplished by changing
the position of the lens with respect to the subject. If after the
focusing operation is completed, the subject is moved further
away from the camera, it becomes necessary to repeat the fo-
cusing procedure. This is necessary because the lens is not
capable of simultaneously focusing on objects at different dis-
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tances from the camera.

The eye employs a very similar focusing system. Its lens is
composed of an elastic, transparent material, whose curvature
and focal length are controlled by a number of tiny muscles.
These muscles automatically adjust the focal length of the lens
so that no matter what the distance is to the object, the image
always falls perfectly in focus upon the back wall of the eye.
It is because of this automatic focusing property of the lens that
we are able to look at objects close at hand and then almost in-
stantly look at objects in the distance.

HUMAN EYE

OPTIC
NERVE

i N

suafccv RIS LENS i

CAMERA

Figure 2. The action of the human eye is similar to that of a
camera.

The back wall of the eye is known as the retina and like the
film in the camera, receives the image. Whereas the camera
film is composed of millions of tiny light-sensitive particles of
silver which are acted upon in various degrees by the light re-
ceived from the subject, the retina is coated with a material
known as the visual purple, in which are embedded about 18,
000,000 light-sensitive elements called rods and cones. The
light which enters the camera strikes the film which is later
chemically processed to form the image on its surface. In the
eye, the information gathered by the millions of rods and cones
must be conveyed in a systematic pattern to the brain through
the fibers of the optic nerve, which is attached to the retina.
All of the rods and cones function independently of each other
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and send their ‘‘nerve currents’’ through separate fibers. Thus,
what the eye actually seesis a picture composed of many stim-
ulations from these minute elements of the retina. Each ele-
ment contributes its share of information, depending upon how
much light from the object falls on it. Finally, the brain co-
ordinates these stimulations into what we call sight.

The extraordinary flexibility of the eye is further exempli-
fied by the fact that as you read across this page, the light re-
flected from the printed words is constantly changing. There-
fore, as soon as the rods and cones convey one message to the
brain, they must be ready to send succeeding messages as you
scan from word to word. The sense of sight thus consists of
millions of successive impulses sentto the brain from the ele-
ments of the retina.

Another element of the eye which will enable us to appreciate
its corresponding part in the television system is the iris. The
iris is the ring-shaped, colored matter in the eye which we re-
fer towhen we speak of the color of someone’s eyes. The open-
ing in the center of the iris is the pupil. The light rays which
enter the eye must pass through the pupil. The iris regulates
the size of this opening automatically so that the amount of light
which passes into the eyeball remains approximately the same.
In bright sunshine, the iris closes down the pupil to a very tiny
pinpoint so that excessive light doesnot enter the eye. At night,
the iris opens fullyto let inall available light. The control over
the amount of light is likewise important when taking a picture
with a camera inorder not to ‘‘overexpose’’ or ‘‘underexpose’’
the film. Similarly, television cameras are equipped with an
iris or adjustable diaphragm which the operator sets according
to the brightness of the scene.

1-12 Persistence of Vision. The foregoing description of how
the eye transforms light rays from a ‘‘still’’ object into sight
does not explain how we are able to perceive continuous motion.
The ability to perceive motion is based upon another character-
istic of the rods and cones; that is, they do not instantly respond
to changesin light intensity, but have a lag of about one-tenth of
a second. Likewise, the eye must be stimulated for a definite
period of time, depending -upon the intensity of light, before an
impression will register on the retina. In order to observe a
moving object, the eye must register each successive motion
at least 1/500,000th of a second in bright light. Once this im-
pression has been registered, the lag characteristic of the eye
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will hold it until the next impression
is made. Ifthese impressionsoccur
atintervalsof less than one-tenth of
a second, the eye will blend them in-
to a sensation of continuous motion.
This lag characteristic of the eye is
called persistence of vision and
makes possible the motion picture
and television.

1-13 The Repetition Rate of Images,
Motion picture film offers an excel-
lent example of how the eye sees
moving objects by virtue of its per-
sistence characteristic. A typical
film is shownin Figure 3 and is seen
to consist of a series of still pic-
tures, each of which differs slightly
from the next. When film is run
through a projector, each still pic-
ture or “frame’’ is held in front of
the lens for a definite period of time
while the light is projected through
it onto the screen. The shutter then
cuts off the light while the still pic-
ture is removed and the next one
moved before the lens. The shutter
then opens and the next image is pro-

- jected. If the successive still pic-

tures are projected rapidly enough,
the image formed in the eye by one
frame will persist through the dark
interval between frames and blend
into the next image.

In early motion pictures 16 frames
were flashed on the screen during

Figure3. Astripofmotionpic-
ture film.

each second, but at the low light levels used in theaters a def-
inite flicker was noticeable. In other words, even though the
average one-tenth second lag of the eye woulc be expected to
eliminate flicker effects when more than ten frames are pro-
jected per second, still, the illumination of each scene was not
sufficiently high to register a persisting impression fromas

many as 16 frames per second.

Present day motion pictures overcome the effects of flicker
by projecting 24 frames per second and, by the action of the
shutter, project each frame twice. There are thus produced
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48 separate projected pictures per second and no interrupted
motion is visible. As will be explained later, the modern all
electronic television system provides 30 frames per second,
each of which is broken into half-frames or ‘“fields’’, thereby
giving, in effect, 60 pictures per second.

1-14 Breaking the Picture into Elements. We have already
shown how it is possible to break down a moving scene into a

Figure 4. Greatly enlargedportion of a photographic negative.
(Courtesy Pastman Kodak Co.)

succession of complete pictures and still retain the illusion of
continuous motion. This technique is satisfactory for motion
pictures, but falls short of the requirements of television. No
television system has yet been developed which enables us to
show a complete picture in even a single frame. The ‘‘dissect-
ing’’ of the continuous motion has tobe carried further; success-
ive frames must be broken into elements. To appreciate how a
picture may be divided into small elements and still appear uni-
formly solid, we can examine the methods employed in photo-
graphy and photoengraving to reproduce a scene in a newspaper
or book.

The scene isfirst photographed with a camera and transferred
to film. If the developed image on the film is examined under
a microscope, it will be found to consist of many tiny grains of
silver, as shown in Figure 4. These silver elements are so de-
positedthat in the darker portions of the picture they are close-
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lybunched together, while in the lighter shades, they are more
finely dispersed or do not exist at all. Because the grains are
so fine, they appear as a solid picture to the naked eye.

To print the picture on paper with ink, the photograph is now
etched onto a ccpper or zinc plate. Examination under a mi-
croscope of a picture reproduced from such a photoengraving
reveals an even coarser distribution of black and white dots
than appeared on the photographic film. In the photoengraving
process, the film is projected onto a sensitized metallic plate
through a transparent screen which is ruled with tiny squares,

Figure 5. Coarse and fine half-tone engravings.

The image which is formed on the metallic surface consists of
many small dots. In light portions of the picture they are ex-
tremely tiny and little ink is deposited from them, whereas in
the darker portionstheyare larger and even run together. Fig-
ure 5 shows the same picture made from photoengravings of
different screen fineness. At the left, the dots are easily vis-
ible tothe naked eye, while in the engraving to the right the dots

are hardly disceraible.
The silver grains and printed dots show how a picture can be

divided into a pattern of separate elements, each element con-
tributing a portion of light or darkness to the combined image.
Since there are about 18 million rods and cones on the retina,
the eye can see this many detailed elements in a photograph or
photoengraving. The finest screens used for photoengravings
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contain about 14,400 elements per squareinch. Thefull resoly
ing capabilities of the eye are thus hardly taxed by the detail
in the best photoengraving when viewed from a distance of sev
eral inches,

MOSAIC OF
SUBJECT PHOTOCELLS BANK OF LAMPS

SEPARATE WIRES FROM
EAGH_PHOTOCELL TO (TS
CORRESPONDING LAMP

Figure 6. The Carey television system.

1-15 Proper Viewing Distance. Not only does the number of
elementsina picture determine how pleasing the overall effect
will be to the eye, but the distance from the eye to the picture
must be considered as well. For example, if the coarse en-
graving shown to the left in Figure 5 is viewed from several
feet, the large dots will no longer be distinguishable and the pic-
ture will appear as uniform as the ane shown in the right of
Figure 5, but which is viewed at a distance of several inches.

The proper viewing distance is extremely important in tele-
vision, for it determines the picture size that is most comfort-
able for viewing. For example, it is entirely possible for a tele-
vision picture tobe too large for the size of a room. The aver-
age person watches a moving picture (in the theater or on a tele-
vision set) most comfortably from a distance roughly 10 to 12
times the height of the picture. Thus, an 8’’ x 10’’ image will
be viewed most satisfactorily by the average eye at a distance
of approximately eight feet. Sitting nearer only increases eye
strain and makes the viewer conscious of the picture elements
and coarseness of detail, Moving further away (as was done in
comparing the coarse and fine engravings of Figure 5) improves
the picture by blending the details together -- but the picture
now becomes too small for comfortable viewing. A picture of
any given size, then, must be viewed from a definite predetermin-
able distance.

Any screen size viewed at the proper viewing distance pro-
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vides about the same pictorial detail if the screens used con-
tain the same number of picture elements and are of equal
brightness. The midget television receiver, with its 3-1/2"’
x 4-1/2°’ image, which must be viewed from a short distance,
produces just as sharpan image asthe projected image receiver
which projects images as large as several feet and has to be
viewedfrom greater distances. The only advantage large tele-
vision screens offer is the ability to accomodate a larger au-
dience more comfortably around the receiver.

1-16 A Simple Television System. It is apparent from the
foregoing discussion of picture frames and elements that it is
not necessary to reproduce a scene so that it will appear as one
continuous mass to the eye.

An early attempt to devise a television system was made by
G. R. Carey of Boston in 1875. Carey knew of the properties
of the eye and tried to take advantage of this knowledge. He at-
tempted to simulate the action of the retina and optic nerve of
the human eye by substituting an electro-mechanical system
consisting of photocells and light bulbs. Carey’s system also
illustrates the basic principle of the conversion of light energy
into electrical energy. See Figure 6. Inthis simple illustration,
light from the subject isfocused bya lens onto a bank or mosaic
of photocells. Eachphotocell generates an electrical current in
proportion to the amount of light which falls on it. This action
is very much like the rods and cones in the retina of the eye
which produce ‘‘nerve currents’’ when stimulated by light.

If light does not fall on a photocell, it does not produce a cur-
rent. Thusthe photocells receiving the light reflected from the
letter X develop currents while the others which do not receive
light remain inactive. Toconveythe electrical information held
by the cells, Carey connected each cell through a pair of wires
to a lamp located in a bank of lamps. The lamps which receive
currentsfrom the active cells light up and reproduce the orig-
inal image.

This system is impractical because it requires at least 250,
000 photocells, pairs of wires, and light bulbs to produce a pic-
ture of acceptable detail. Carey’stelevision set-up also failed
because the small currents from the photocells could not light
the lamps to a sufficient brightness. It remained for Lee de
Forest to invent the amplifier tube which could magnify tiny
currents before photocells could be put to such use.

The difficulty of running two wires from each photocell to a
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light bulb might be overcome by switching a single pair of wires
consecutively to each photocell and its corresponding lamp. If
this switchingis done at a rate which is faster than the persis-
tence characteristic of the eye, the eye will be deceived into
seeing a continuous image on the bank of electric light bulbs,
rather thana single element ata time. If we alsouse an ampli-
fier to increase the strength of the photocell signals, Carey’s
basic television system assumes the more practical configu-
ration shown in Figure 7. Hereinwe have the fundamental prin-
ciple of all television systems which have since followed -- the
dividing of the picture into elementsbefore transmission, send-
ing an electrical current from each element successively over
a single pair of wires, and the reconversion of these currents
into light at the receiver.
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Figure 7. An improvedtelevision system using a single pair of
wires and an amplifier. |

Animated cartoon signs, such as those in Time Square, New
York City, are an application of the crude light bulb television
system. Figure 8 illustrates their operation. To transmit the
simple object, it is first projected from a film onto the photo-
cell bank. The pair of wires is then switched to the photocell
in the upper left-hand corner. Simultaneously, the correspond-
ing lamp in the receiving bank lights up to produce the white
portion of the image. The switching continues along the top
from left to right, illuminating the lamps in succession, and
then drops down to the second row and starts across again from
left to right. The uniform white background causes equal cur-
rents to be given off from the photocells, and so the lamps in
the first few rows light up with the same intensity. As the
switching proceeds across the third row, the photocells which
receivedno light from the black object do not produce currents
to cause their corresponding lamps to glow. By continuing to
switch from left to right and down the bank of photocells, we
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trace out all the black and white details.

Thisprocess of switching from left to right and top to bottom
is called scanning and is much like the pattern followed by the
eye in reading the lines on this page. This method of scanning
has been carried over into all mechanical and electronic tele~
vision systems.
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Figure 8. A practical light bulb television system.

1-17 Nipkow’s Mechanical Disc. In 1884 Paul Nipkow an-
nounced the first practical mechanical device which overcame
the limitations of Carey's method of televising animage. Nipkow
devised a rotating metal disc, perforated with small holes ar-
ranged in the form of aspiral. The Nipkow disc offered a suit-
able scanning method for dissecting the object into elements at
the transmitter and was also used to reconstruct the image at
the receiver. It also introduced the principle of scanning by
successive lines rather than individual elements.

The method of linear scanning is illustrated in Figure 9. Con-
sider yourself an observer looking at the picture of the woman
through a tiny window which is focused on the upper left-hand
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corner Now move the window to the right across the top of tt
picture, and then quickly return tothe left, but drop the apertur
down slightly toline number 2. Continue this operation unt
the entire picture hasbeen scanned into, say 20 lines. Suppos
it were now possible to scan all these lines in less than one
tenth of a second. The observer would not then see the indivi
dual lines because the persistence characteristic of the ey
would enable him to retain the impressions, from the first t
last line, and blend them into a unit,

CaANORLwN -

Figure 9. How linear scanning is accomplished.

In the case of a moving scene, if we scan the scene a second
time in the next one-tenth of a second, and so on, so that we
view the entire scene ten times per second, we will just be on
the borderline of the eye’s persistence of vision for blending
the successive frames into continuous motion. Nipkow used
this principle with his rotating disc technique by producing 60
scanning lines per inch in each frame, while presenting 20
frames per second. Refer now to Figure 10 for a description
of Nipkow’s television system.

The circular disc contains a series of round holes arranged
in a spiral. In practicethese holes were made either rectang-
ular or square and were covered with lenses in order to gather
the maximum amount of light. The distance between successive
holes determines the width W of the picture to be reproduced
at the receiving end while the radial distance from the first
(hole 1)to the last hole (20) in the spiral determines the height
H of the picture. Each hole is closer to the center of the disc
by an amount equal to the diameter of the holes.

The object to be televised is focused onto the shaded area
shown in Figure 10. As the disc rotates, each hole sweeps a-
cross the image focused on the shaded area, allowing light to
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pass through the disc. If we were to examine the elements of
light, passing through the hole in the disc, ona screen behind the
disc, they would appear in the fashion shown at the right of Fig-
ure 10. The scanninglinesare shown only for illustrative pur-
poses. Actually they would blend together if the disc rotated
faster than 10 times per second.

DIRECTION OF SCANNING OIRECTION OF SCANNING
— =

Figure 10. Rorating disc used in Nipkow’s television system.

1-18 Converting the Scanning Lines into Electrical Signals.
Suppose that instead of a screen, a single photoelectric cell is
placed behind the disc. The light falling on the cell from the
first hole would cause an equivalent amount of current to flow
from the cell. The variations in photoelectric current for one
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Figure 11. Transmitter and receiver apparatus for a mechan-
ical television system.
of the scanned lines would appear as shown in Figure 10. Then,
as the second hole moved across the photocell to produce the

second scanned line, the chain of current variations would con-
tinue. In this manner, allthe light variations in the picture are
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transformedinto acontinuous series of electrical signals. The
apparatus which was employed in mechanical television trans-
mitters topick up scenes by this method is shown in Figure 11,
The current variations from the photocell are amplified and
transmitted on a radio frequency carrier to the receiver.

1-19 Reconstructing the Image atthe Receiver. Atthe receiv-
er, as shown in Figure 11, the current variations are fed to a
neon tube whose light output instantly changes in intensity with
changes in the current flowing through it. When more light falls
on the photocell at the transmitter, the neon tube becomes bright-
er; when the light fades, it becomes dimmer. The observer
looks at the neonlight through a scanning disc, identical in size
and shape to the one at the transmitter. Both discs run at exact-
ly the same speed, and are synchronized so that when a given
hole inthe transmitting disc is in front of the photocell, the cor-
responding hole in the receiving disc is in front of the neon lamp.
The observer actually sees a series of flashes through each hole
inthe receiving disc. Because of his persistence of vision, these
flashes blend into a picture which is a reproduction of the one
at the transmitter.

Several variations of the Nipkow disc method were used in
mechanical systems which were developed after its introduc-
tion, but all of them depended upon the principle of linear scann-
ing and used a single photocell and lamp. The improvement
over Carey’s system which required a multitude of cells and
lamps is obvious. The Nipkow mechanical system represented
the furthest advance in the art of television until the early 1930’s
when it was made obsolete by the introduction of the present day
cathode ray electronic scanning system. It is well to list the
shortcomings of the rotating disec method of television so that
the reader may appreciate how they have been overcome when
he begins to study the electronic system in the next chapter.

L. Although the Nipkow disc increased the detail in the picture
and eliminated the need for a multiplicity of photocells and
lamps, its 60 line picture did not possess the detail required
for high quality television. Only 1800 impulses of light were
producedduring a single scanning of the entire picture. It will
be recalled that the high quality reproduction of a photograph
by the photoengraving process utilizes as many as 14,400 ele-
ments in one square inch of picture. The picture detail pro-
duced by the mechanical system was therefore far below the
standards achieved in printing.
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2. It was extremely difficult to synchronize the transmitter
disc withthe receiver disc. Most types of motor drivesdevelop-
ed for mechanical systems were affected by variations inthe
power line voltage and frequency. These effects were particu-
larly bad when the transmitter and receiver were on different
power lines.

3. The light from the neon lamp was insufficient for com-
fortable viewing over any length of time. Much of the light was
lost in a magnifying lens that had to be used to ‘‘blow up’’ the
approximately one inch square picture that was obtained with
most scanning discs. Some scanning discs were constructed
which were as large as several feet in diameter, but even these
could only produce a picture several square inches in area.

4. Finally, the mechanical system was cumbersome and diffi-
cult to maintain and could not achieve the portability that was
required to make television really practical.

1-20 The Transmission Frequency Band Required for Tele-
vision. Before turning our attention to the modern electronic
television system, we can use our knowledge of the character -
istics of the human eye and the factors that govern a high qual-
ity, detailed pictureto set up certain standards. The first con-
sideration isthe number of elements desirable in the television
image. In order to approach the standards of the 120 line per
inch half-tone engraving which has 14,400 elements per square
inch, and 8’’ x 10’’ television picture must have 960 lines (8 in-
chestimes 120 lines per inch)and 1,120,000 elements per frame
(80 square inches times 14,400). At the 30 frames per second
repetition rate which has been chosen for television, over 30
million elements must be scanned in one second. This is turn
requires an equivalent electrical signal varying at a frequency
of about 15 million cycles per second. Atelevision channel cap-~
able of transmitting this band of frequencies occupies too ex-
tensive a portion of the frequency spectrum to be practical. A
compromise must be made in the maximum detail of the tele-
vision image in order to reduce the band width requirements.
In practice, the television channel is limited to a band width of
six megacycles, part of whichis occupied by the sound frequen-
cies that accompany the picture. Only four megacycles of the
channel are devoted to the television signal, thereby limiting
the picture tolessthan 200,000 elements. This figure may ap-
pear inadequate in comparison to the more than 1,000,000 ele-
ments found in a fine half-tone. It should be realized, though,
that a television picture is viewed from a greater distance than
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that used when reading a newspaper or book. The televisionim-
age will therefore be almost as good as the half-tone under act-
ual viewing conditions.

1-21 Frame Frequency. It wasmentioned abovethat a picture
repetition rate of 30 per second has been standardized for the
modern television system. This figure was arrived at after
careful consideration of flicker effects and po ver line frequen-
cies. At first, a rate of 24 per second was considered because
it would coincide with that already established for motion pic-
tures. Since it was to be expected that many television pro-
grams would consist of the televising of motion pictures, the
problems of synchronizing thetwo systems could be minimized
if both used the same repetition rate.

Even more important than the 24 frame scanning rate of mo-
tion pictures was the affect of power line frequency upon the
synchronizing circuits. Most of the receivers in this country
will be operatedfrom 60 cycle lines, Unlessthe receiver rec-
tifler circuits which convert the alternating current to direct
current are perfectly filtered, some 60 cps or 120 cps ripple
will get into the synchronizing circuits. The ripple voltage fre-
quencies would not be a multiple of the picture frequency if the
repetition rate were set at 24 per second. Synchronization would
be unstable as the power line frequency opposed the frame fre-
quency. Since the repetition rate of the present day television
system is 30 cps, which is a multiple of the power line frequen-
cy, the problems of synchronization are greatly simplified.

It is realized that some areas in this country are served by
25 cycle lines, but these are few in number when compared to.
the preponderance of 60 cycle supplied homes which benefit by
a frame frequency of 30 per second. In areas which do not have
60 cycle alternating current, additional filtering may be necess-
ary in the receiver power supply circuits to avoid trouble.

1-22 Consideration of the Number of Lines in the Television
Picture. It waspointed out in paragraph 1-14 that an 8’ x 10"’
television picture with detail as good as that of a 120 line per
square inch photoengraving would have to have 960 lines. This
results in more picture elements than can be transmitted in a
6 megacycle channel. Hence, the present systemuses 525 lines.
This number of lines produces the maximum number of elements
that canbe transmitted in the four megacycle portion of the six
megacycle television channel allocated to the picture signal.
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The reader may wonder whether or not television systems have
been built which use more than 525 lines. The answer is yes.
In this country and in Europe, television pictures with as many
as 1000 lines have been produced. The cost of constructing re-
ceiversand transmitters to handle the additional band width re-
quired does not result in a proportional improvement in picture
quality. It is unlikely that the 525 line standard will be super-
seded by any other in the near future.

1-23 Allocation of the Television Frequencies. After the width
of the standard television channel had been f{ixed at six mega-
cycles, the problem of finding a sufficient amount of space in
the frequency spectrum arose. The space occupied by a tele-
vision channel can be appreciated by comparing the AM broad-
cast band with a single television channel as shown in Figure 13.
Notice that there are 106, tenkilocycle, channels in the AM band
which extends from 540 to 1600kilocycles. And yet all 106 sta-
tions occupy less frequency space than a single television sta-
tion.

THE AM BROADCAST BAND CONSISTING
OF 106 CHANNELS EACH 10KC WIDE
54 TO 1600 KC

6MC TELEVISION CHANNEL

Figure 12. The space occupied in the frequency spectrumby all
the a-m stations is less thanthat allotted to a single television
station.

The FCC has therefore allocated a much higher frequency
range to television stations than that used for radio broadcast-
ing so that there maybe a reasonable number of channels avail-
able. These allocations are split into two bands; one extending
from 50 to 72 megacycles, and the other from 174 to 216 mega-
cycles. Twelve channels, each six megacycles wide, are avail-
able inthese twobands. (The FCC originally assigned 13 chan-
nels to television in the bands from 44 to 72 mc. and174to 216
mc. However, later studies indicated that interference effects
which appearedin thetelevision picture were caused by signals
from other services in the frequency spectrum. These signals
combine withthe television signal and produce a beat frequency
that falls in the frequency range for which most intermediate
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frequency amplifiers of television receiversaretuned. To meet
the demands of other services for more frequency space and to
solve the interference problem, the FCC took channel one (44-50
mc.) away from television. This move will enable receiver
manufacturers to designthe IF amplifiers to tune to an IF car-
rier frequency of about 41 mc., which frequency tests have in-
dicated will be less troubled by signal interference from other
services.)

The future of television has been carefully planned by the FCC
in order to minimize signal interferences between channels.
Channel assignments are staggered so that adjacent channels
will not be used inthe same area. Thisallowsthe useof a max-
mum of seven channels in any one area of the country. The FCC
has determined the number of channels which will be available
in the various areas of the country and the frequencies which
will be used in each area. The reader may refer to Section 12
and readily ascertain how many television stations he will even-
tually be able toreceive in his area. In addition to the stations
assigned in the television band below 300 mc., space has been
allocated in the region from 475 to 890 mc. to allow for further
expansion.

Now that we know what to expect of the electronic television
system in picture detail and number of commercial stations,
let us begin the study of modern television techniques.
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FUNDAMENTALS OF
ELECTRONIC TELEVISION

2-1 The television system inuse today is essentially an elec-
tronic system. It was made possible by the development of the
cathode ray tube whichis the heart of both the television trans-
mitter and receiver.

As was pointed out in Section I, all television systems must
satisfy the requirements of the human eye. The cathode ray
tube does this remarkably well andtelevision as we know it to-
day has been designed around this tube.

The cathode ray tube performs the two most important func-
tions of the television system. At the transmitter, it ‘‘sees”’
the scene to be televised and transforms it into an electrical
signal which can be passed on to the television receiver where
the second important function takes place. Here again a cath-
ode ray tube is used to take the electrical signal and from it
reconstruct the original scene in the form of a visual picture on
the viewing screen.

A brief resume of the history and origin of the cathode ray
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tube is a good starting point for the discussion of the tube’s
construction and operation which follow.

The term ‘‘cathode ray”’ was originated in the last century by
a scientist, Jules Plucker, who was investigating the properties
of gases. His experiments included putting the gases being
studied into cylinder-like glass envelopes. In these glass en-
velopes, there were two metal plates which were connected to a
battery. (Figure 1.) The plate connected to the negative end of
the battery was called a cathode, while the plate connected to
the positive end was given the name anode. In the experimental
procedure, a pressure reducing pump was attached to the tube
through an opening. It wasdiscovered that as the pressure was
reduced, the region of the cathode acquireda definite, greenish
glow. Plucker attributed this glow to invisible rays which, he
believed, came from the cathode. He therefore called them
‘‘cathode rays’’.

PLATE OR CATHODE GLOW CATHODE
ANODE

—Hiji—

Figure 1. Plucker’s simple gas tube.

Although its basic shape and components were changed, the
same type of tube wasused in later experiments in the study of
gases. Still later, the tube found use as an indicating unit using
the cathode rays as a pointer. It was found that as an indica-
tor, it functioned best with almost all of the gas pumped out.
Nevertheless, the name ‘‘cathode ray tube’’ has remained in
use, even though at the greatly reduced pressure now utilized,
the green colored region in the neighborhood of the cathode is
no longer evident, andthe alleged ‘‘cathode rays’’ proved to be
merely electrons.

2-2 Modern Cathode Ray Tubes. The modern cathode ray tubes
now used in television differ considerably in construction and
appearance from Plucker’s original gas tube. A Type used in
presentday receivers isshown in Figure 2. Cathode ray tubes
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designed for television receivers have beengiven various names
by tube manufacturers. Some of these are ‘kinescope’’, ‘‘tel-
etron’’, and ‘‘visitron’’. Since there has been no universal
acceptance as yet of a name for the receiver tube, the term
“picture tube’’ will be used in this text whenever reference is
made to the receiver cathode ray tube.

Figure 2. Amoderncathode-raytubeused intelevision receiv-
ers. (courtesy GE)

Figure 3. The Iconoscope, a cathode-ray tube used in the tel-
evision camera. (courtesy RCA)

There are several types of cathode ray tubes used in the tel-
evisioncamera. One of the eariiest designs, illustrated in Fig-
ure 3, is known as the ‘‘iconoscope’’. This word stems from
the Greek word icos, which means ¢I see’’. The name is de-
scriptive of the tube, since it actually does see the scene being
televised and can change what it sees into electrical signals.
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PICTURE TUBE CONSTRUCTION

2-3 Since the heart of the television camera and receiver is
a cathode ray tube, it is best tobegin the discussion of the mod-
ernelectronic television system with a description of this tube.
Of the two basic types, the picture tube and the camera tube, the
former is more fundamental and a little easier to understand.
It is therefore treated first.

Figure 4 shows a cross-sectional drawing of a picture tube,
including its component parts and an imaginary electron beam,
number 8, toillustrate the action of the various elements of the
tube upon the beam.

The modern picture tube consists of five main sections: (a)
a glass envelope, (b) a base which is outside the envelope, (c)
the electron gun assembly, (d) the deflection plate assembly,
and (e) the screen. The cathode, number 5, provides a source
of electrons which are attracted in the general direction of the
screen, number 19, by the action of the electron gun. These
electrons are molded into a very narrow beam, which can be
focused to a small point at the screen.

The inside of the screen is coated with a material which lights
up when bombarded by the stream of electrons. The property
of the screen which causes it to emit light when struck by the
electrons is called fluorescence. When properly focused, the
electron beam will strike the screen, causing a very small area
of the screen to glow. If the face of the tube is viewed, this
area will be a small pinpoint of light.

The deflecting plates, numbers 14, 15, 16, 17, can be made to
move the beam up, down or sideways (vertically or horizontally).
It is possible to apply electrical signals to these plates and
cause the beam to move so fast that the eye cannot detect its
movement. Since the screen material glows for a short time,
even after the electron beam has moved to another position, a
patterncan be traced on the screen similar to tne one shown in
Figure 5. Though the beam is constantly moving while tracing
out this rectangular pattern, the pattern actually appears sta-
tionary because of the after-glow of the screen and the persis-
tence of the eye.
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2-4 TheElectronGun. The electron gun is so named because
it takes the electrons given off by the cathode and accelerates
them somewhat in the manner of a gun. The electron gun can be
subdivided into four parts: (1) the cathode-grid assembly; (2) the
pre-accelerator assembly; (3) the focusing electrode assembly;
and (4) the accelerating electrode assembly. The assemblies
are all supported by ceramic or glass rods which run the entire
length of the electron gun as shown in Figure 4, number 10.
These rods are usually made of a non-conducting ceramic or
glass material to prevent electrical inter-action between the
various parts of the gun.

Figure 5. Illuminated pattern obtained on the screen of a picture
tube when the electron beam is rapidly moved vertically and
horizontally.

2-5 The Cathode-Grid Assembly. The cathode-grid assembly
consists of the heater element, the cathode, the control grid, and
other supporting components, as shown in Figure 6. This il-
lustrationis an exploded view of the cathode-grid assembly and
does not show the actual spacing of the components. The heat-
erelement, acoiled wire, isusually made of tungsten or an al-
loy of tungsten. This material is chosen because it is easily
heated toa high temperature when anelectrical current passes
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through it.

The cathode is a thin metal sleeve surrounding the heater coil.
The metal sleeve, usually nickel alloy, is coated onone end with
a substance which emits electronsin great quantities when neat-
ed sufficiently. This substance is usually an oxide, such as
caesium oxide. The cathode is electrically insulated from the

HEATER WIRE RETAINER GATHODE NTR
MOUNTING BUTTON SPRING SPACER COCYLISEE%RID
HEATER CATHODE
WIRE v

heater and is therefore said to be indirectly heated. Indirect
heating isused because it isolates the emissionqualities of the
cathode from the power source supplying the current to the
heater, and permits the use of an alternating current source.
If alternating current were applied directly to tne catiode to
heat it, the flow of electrons would fluctuate according to tne
frequency of the current. Early cathode ray tubes used a neat-
er-cathode assembly in whicathe neater itself emitted tie elec-
trons. For proper operation, these tubes required a direct
current heater supply. Because it is more economical to supply
the current for the heater from an a-c source, the indirectly
heated cathode is now used almost exclusively.

oy

Figure 6. The cathode-grid assembly.

The control grid in the cathode-grid assembly is a cylinder,
completely surrounding both the heater and the catnode. The
grid is open at one end, but closed at the other end by a disc.
The disc has a small hole in its center to permit the passage
of electrons. Since allelectrons which pass to the screen must
go through the hole in the disc, the grid electrode can assist in
controlling the electron flow.

2-6 The Pre-Accelerator Electrode Assembly. Tne pre-ac-
celerator electrode assembly is shown in Figure 7. It usually
consists of two parts, A and B, each of cylindrical shape, with
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several discs enclosed in them. All of the discs have holes in
their centers to permit the passage of the electron stream.
This assembly gets its name from the electrical function it per-
forms in the electron gun. It causes the electrons to move more
rapidly in the direction of the screen. Its functionis essentially
the same as that of the accelerator (to be mentioned later), which
also increases the speed of the electrons. Since the electrons
passthrough this electrode before they pass through the accel-
erator, it has been named the pre-accelerator.

CYLINDER A CYLINDER B

DISC

Figure 7. The pre-accelerator electrode assembly.

2-7 The Focusing Electrode Assembly. The focusingelectrode
assembly performs the function which its name implies. It fo-
cuses the electron beam to a fine point on the screen. (Figure

CYLINDER

Figure 8. The focusing electrode assembly.

8.) Thefocusing cylinder is shorter in length than the grid and
pre-accelerator electrodes, but is of essentially the same snape.
It does not contain the discs includedin the grid and pre-accel-
erator electrode assemblies.
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CYLINDER

DISC

Figure 9. The accelerating electrode assembly.
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Figure 10. The deflection plate assembly.

2-8 The Accelerating Electrode Assembly. The accelerating
electrode assembly performs the same function as does the
pre-accelerator. Itincreases the speed of the electrons travel-
ing toward the screen. The construction of the accelerating
electrode is shown in Figure 9.

2-9 The Deflection Plate Assembly. The deflection plate as-
sembly, shown in Figure 10, is mounted between the electron
gun and the fluorescent screen. This assembly consists of two
pairs of rectangular metal electrodes referred to as deflection
plates. The four deflection plates are mounted with the aid of
two mica rings which support and insulate them from one another
and from the electron gun. A spider spring, made of a flexible
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metal material, centers the deflection plate assembly in the neck
of the picture tube. As the electrons travel from the electron
gun to the fluorescent screen, they must pass between each of
the pairs of plates. The deflection plates are so placed in the
tube that if a voltage differential appears across either pair, it
will cause the electron beam to be deflected. Since the pairs of .
plates are mounted at right angles to one another, either hori-
zontal or vertical deflection is possible by applying an electri-
cal signal on the proper pair.

Figure 11. The glass envelope 1s coated on the inside with a
conducting material. The second ancode cap is connected to the
aquadag coating. (courtesy DuMant)

2-10 The Envelope. All of the elements of the picture tube are
mounted inside of aglass envelope. Almost all air is evacuated
from this envelope which must be strong enough to withstand the
pressure of the atmosphere.

The inside of the glass envelope between the neck and the
screeniscoated with a conducting material, as shown in Figure
11A. Graphite is the major component of this material whicn
is knowncommercially as ¢ Aquadag’’ or ‘‘Dixonac’’. The coat-
ing is connected tothe accelerating electrode sothat it operates
at the accelerating potential. In picture tubes which operate at
very high accelerating potentials, a small metal contact is fused
to the funnel portion of the tube. The second anode and aquadag
coating are connected to this contact instead of to a pin in tue
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base. Figure 11B shows a picture tube with this type of con-
struction. When stray electrons approach the coated insides of
the tube, the high potential on the coating repels them backward
toward the accelerating anode, so that electrons striking the
walls of the tube are returned to the circuit. The potential on
the conductive coating alsoeliminates inter-action between the
electron beam and electrons rebounding from the screen.

Some picture tubes are equipped with an additional element
referred to as an intensifier band. The intensifier band con-
sists of a ring of graphite, coating the inside of the tube envel-
ope. A non-conductive coated area between the intensifier
band and the accelerator coating insulates the two coatings
from each other. A small metal pin is inserted through the
glass at a point where it will contact the intensifier band so
that an electrical connection can be made to the band. Since
the intensifier ring completely encircles the electron beam,
it does not affect the path of the beam once the beam has been
deflected. The purpose of the intensifier band is to further
accelerate the electrons without making it more difficult to de-
flect the beam. If the beam is traveling too fast, deflection is
quite difficult, requiring extremely large electrical signals on
the deflection plates. With an intensifier band tube, it is poss-
ible to deflect the beam when it is moving at low speed when de-
flectionis relatively simple. Then, after the beam has been de-
flected, the voltage on the intensifier band imparts to the beam
additional acceleration to provide a brighter image on the
screen.

9-11 The Tube Base. Except forthe fact that it is larger and
usually has more pins, the picture tube base is similar to an
ordinary vacuum tube base. The leads which connect to the
various parts of the internal assembly of the tube are brought
through the glass seal at the end of the tube and are inserted
into pins in the base.

2-12 The Fluorescent Screen. The fluorescent screen con-
sists of a thin chemical coating which is deposited on the in-
side face of the tube. This coating consists of a silicate, sul-
phide, sulfate, or tungstate, and a binding material which holds
the chemical to the glass. The thickness and uniformity of the
coating are very critical and must be held within very narrow
margins to assure uniform color and light output when the elec-
tron beam impinges upon the screen.
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OPERATION

2-13 All of the parts of the picture tube just described per-
form important functions. The principle parts of the picture
tube will now be discussed from anelectrical standpoint, for the
purpose of assisting the reader to understand their operation.

2-14 The Heater Coil. The sole function of the heater coil, or
filament, isto heat the cathode to its proper operating temper-
ature. Nouseful electron emission takes place from the heater
coil. The manner in which the heater converts electricity into
heat may be understoodfrom a simple discussion of electricity.

CATHODE CYLINDER

T ()

FILAMENT OXIDE COATED
EMITTING AREA

INSULATING
SLEEVE

Figure 12. Heater and cathode assembly.

All material consists of small particlescalled atoms. Includ-
ed ineach atom are small negatively charged particles referred
toaselectrons. The wire which makes up the heater coil, there-
fore, consists of atoms and the electrons which are part of them.
When a potential is placed across the ends of the heater wire, it
causeselectrons to be released from their atoms. These elec-
trons move along the wire and constitute a current flow. The
moving electrons strike other atoms and electrons which oppose
their motion. This opposition is referred to as ‘“‘resistance’’.
As a result of the opposition or resistance to the electron flow,
some of the energy which causes the current to flow is convert-
ed into heat.

2-15 The Cathode. The cathode must supply the electrons



FUNDAMENTALS 37

which later are formed into the beam which is directed toward
the face of the tube. It is placed over the heater coil so tnat the
heat generated by the filament can be radiated to it (Figure 12).
The cathode is insulated from the filament so that no electri-
cal inter-action may take place. When heated toa temperature
of about 700 degrees centigrade, the oxide coated cathode emits
comparatively large amounts of electrons. To perform most
efficiently. the cathode must emit the largest possible number
of electrons at the lowest possible temperature. It nas been
found that certain oxides of alkaline earth metals such as cae-
sium meet these requirements andare best suited for the cath-
ode coating.

CONTROL GRID ELECTRON BEAM

CATHODE
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Figure 13. The grid limits the number of electrons which pass
to screen.

2-16 The Grid. The electrons emitted from the cathode must

pass through the hole in the grid. The grid controlsthe number
of electrons which flow through the accelerator electrodes.
When a more negative potential than the cathode potential is
placed on the grid, it decreases the number of electrons which
pass through the hole in the grid. When the negative charge on
the grid is varied, the number of electrons passing through the
hole in the grid also varies. The grid can therefore be used to
control the number of electrons in the beam, and for this rea-
son, is usually referred to as the control grid. If the negative
charge on the grid is great enough, the electron beam will be
entirely cut off.

The control that the grid can exert over the electron beam is
one of the important features of the picture tube which have made
electronic televisionpossible. The greater the number of elec-
trons (beam current) in the beam, the greater will be the light
output from the screen. When the television signal is fed to the
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grid, it controls the passage of the electron beam and thus the
intensity of the glow of the screen.

2-17 Grid Action. In ordertocontrol the stream of electrons
passing to the screen, the grid is placed around the cathode
(Figure 13). The cathode and grid in a cathode ray tube func-
tion in the same manner as the cathode and grid in a conven-
tional vacuum tube. If the grid were at the same electrical po-
tential as the cathode, the electron beam would be limited only
to those electrons which were traveling along an axis which
passes through the small hole in the disc at the end of the grid.
The action of the disc on the electron beam, however, is not
sufficient to limit the beam properly. It also does not provide
a means for changing the number of electrons in the beam.
Therefore, the grid is given a potential more negative than the
cathode and this potential is made variable.

GRID GCATHODE OXIDE GOATING CRggEl}'%\_IER PRE-ACCELERATOR

Figure 14. The ‘‘crossover’’ point of the electron beam is be-
tween the grid and the pre-accelerator electrode.

Some of the electrons which are emitted by the cathode do not
go through the grid opening. This is because tnhe cathode is
much more positive than the grid and exerts a greater attract-
ing force on the electrons than do the positive potentials on the
more remote accelerating anodes. At the same time the nega-
tively charged grid repels the negative electrons back to the
cathode. This action of the grid in repelling electrons is aided
by the presence of what is called a ‘‘space charge’’ which exists
around the cathode. The space charge is created by the elec-
tronsthemselves. Some of the electrons inbreaking away from
the cathode do not have sufficient energy to reach the grid.
These electrons hover around the cathode as a sort of electron
cloud and sometimes even return to the cathode. The space
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charge created by these electrons forms a barrier for other
electrons which are freed from the cathode. If the new elec-
trons do not possess asufficient amount of energy to penetrate
the space charge, they are forced back to the cathode. With
these factors: (1) the negative grid, (2) the space charge, (3}
the attraction of the cathode for the electrons, and (4) the small
opening in the grid disc, it is very difficult for electrons to pass
through the grid to the accelerating assembly beyond. Many
electrons, however, break free from the cathode with sufficient
energy to overcome these barriers andpass through the opening
in the grid.
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Figure 15. The focusing of an electron beam is similar to the
action of a lens on a beam of light.

The electrons whichpass through the grid, because of the pull-
ing forces exerted by the positive charges on the accelerating
electrodes, converge into a narrow beam. This convergence is
due to the relatively high negative potential at the grid which
makes each forward traveling electron move toward the axis
of the electron beam. The cumulative actions of the electrical
fields at the grid and at the pre-accelerator electrode causes
the paths of the electrons, which pass through the grid, to meet
and cross over at point P as shown in Figure 14. This point is
called the ‘‘crossover point’’ and is between the grid and the
pre-accelerator electrode.

The field between the grid and the pre-accelerator electrode
acts on the electron beam in a manner similar to the action of
a lens on a beam of light. In fact, the substitution of an ¢celec-
trostatic’’ lens for the grid and pre-accelerating electrode, as
shown in Figure 15, may help the reader to understand the action
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of these electrical fields in narrowing down the electron beam
to the crossover point.

2-18 The Pre-Accelerator. Inearly cathode ray tubes the fo-
cusing electrode was located right in front of the control grid.
With thistype of construction, adjustments of the voltage on the
focusing electrode effected the grid action and changed the in-
tensity of the electron beam. In more modern tubes this inter-
action is prevented by the pre-accelerator electrode which is
inserted between the control gridand focusing anode, as shown
in Figure 16. The pre-accelerator is connected directly to the
second anode and provides the initial acceleration of the elec-
tron beam.

CONTROL PRE-AGCELERATING FOCUSING SECOND
GRID ANODE

EVEYOR0

Figure 16. The pre-accelerator electrode is inserted between
the control grid and the focusing anode.

2-19 Focusing Electrode. After the electrons converge at the
crossover point, they begin to spread out again. A means had
tobe provided to force the electronsback to the axis of the tube
and retain the narrow beam until it reaches the screen. Two
methods are used inmodern picture tubes to focus the beam in
this manner. They are called (1) electrostatic focusing and (2)
electromagnetic focusing. The term focusing is used because
of the similarity to the focusing of a light beam by an optical
system.

Electrostatic focusing is. most easily understood by refer-
ring to an optical analogy of the action of an electrical field
on an electron beam. With a lens, light rays can be made to
converge to a point and afterwards they will begin to diverge
again. The diverging beam can then be made to converge once
more, by introducing another lens as shown in Figure 17.
By substituting lenses of different curvatures for the second
lens, the distance to the second crossover point can be varied.
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If a screenislocated a certaindistance away, the light rays can
be made to cross over, or focus, at the screen by the proper

selection of lens curvature.
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Figure 17. The distance to the second crossover point is deter-
mined by the curvature of lens 2.

GRID PRE-ACCELERATOR(A) ELECTROSTATIC LENS

CATHODE FOCUSING ELECTRODE (B) ACGELERATING ANODE(C)
A
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Figure 18. The electrostatic fieldinside the focusingelectrode
focuses the electron beam to a second crossover point.

If an ‘‘electrostatic lens’’ andanelectronbeam are substituted
for the optical system and light beam, electrostatic focusing can
be illustratedas in Figure 18. As the beam of electrons leaves
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the pre-accelerator assembly, it isdiverging. This divergence
is caused by the fact that the focusing electrode, (b), is more
negative than thepre-accelerator, (a). The repelling force set
up by the more negative focusing electrode slows up the elec-
tronsand makesthem scatter. As the diverging electrons pass
from the focusing electrode, (b), into the field between the fo-
cusing electrode and the accelerator, (c), their speed is once
more increased, since the accelerating anode is more positive
than the focusing electrode. The electrostatic field again acts

HORSESHOE MAGNET

LINES OF
FORCE

1

IRON NAIL

Figure 19. Left, the magnetic field between the poles of the
horseshoe magnet pulls the nail to the magnet. Right, the lines
of force around a horseshoe magnet.

inthe manner of a lens and focuses the electron beam to a sec-
ond crossover point. This crossover is adjusted so that it oc-
curs at the screen.

The electrostatic focusing action must take place for many
different beam currents. These differences in beam current
are caused by the potential onthe grid. To compensate for this,
the potential onthe focusing electrode is made variable so that
the electrostatic fields on each side of it may be made weaker
or stronger to permit the focusing of smaller or larger amounts
of beam current.

2-20 Electro-Magnetic Focusing. Electro-magnetic focusing
is another method that is used to focus the stream of electrons
toa point on the screen. Whereas in electrostatic focusing the
focusing action is accomplished by applying d-c voltages to the
electron gun in the manner previously discussed, electromag-
netic focusing is accomplishedby placing a coil of wire over the
neck of the picture tube, and passing a d-c current through the
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coil. Electromagnetic focusing action may be more easily un-
derstood by reviewing the basic theories of magnetism.

Between the ends or poles of a horseshoe magnet, such as
shown in Figure 19A, there exists a field of magnetic force.
The existence of this field can be demonstrated by holding an
ordinary iron nail near the poles of the magnet. As the nail is
brought close to the poles, the magnetic field will pull the nail
tothe magnet. When the nail is some distance from the magnet
(outside of its magnetic field), thereis little pulling action. The
extent of the magnetic field surrounding the magnet is determin-
ed by the degree towhich the metal in the magnet is magnetized.
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Figure 20. Direction of electron current flow in, and direction
of magnetic field surrounding, a wire.

In an attempt to picture a magnetic field, it is assumed that it
consists of lines of force or flux. The lines of force around the
horseshoe magnet are shown inFigure 19B. Notice that the flux
extends in one direction from one pole to another. The pole at
which the lines originate is called the north pole, and the pole
at which they terminate is called the south pole.

A similar magnetic field surrounds electrons. An ordinary
metal wire is made up of atoms which contain electrons. As
explained above, each magnetic field has a definite direction;
that is, the lines of force travel from one point to another. When
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no current flows through a wire, the electrons in it lie at ran-
dom, and the directions of the magnetic fields around the elec-
tronsare so different from each other that they effectively can-
cel out. The net effect is that no magnetic field is set up out-
side of the wire. However, when a current flows through a wire
as shownin Figure 20A, the electrons flow in one direction only.
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Figure 21. A wire which is parallel to the magnetic lines of
force setup bya horseshoe magnet is not influenced by the mag-
net.

Since the electrons all move in the same direction, their mag-
netic fields all act in the same direction. This direction is a-
round the axis of the wire. The accumulative effect of the mag-
netic fields of the electrons acting in the same direction, is the
creation of a magnetic field around the wire. Looking at the
wire along its axis, as shown in Figure 20B, if the current were
going into the page asindicated by the x, the magnetic flux would
flowinacircle around the wire in a counter-clockwise direction.
If the current in the wire were flowing in the opposite direction,
the magnetic flux would flow clockwise.

From the previous discussion, it has been shown that magnetic
fields can be produced by two methods:




FUNDAMENTALS 45

1. By magnetizing certain metals such as iron (a horseshoe
magnet).
2. By sending a current in one direction through a wire.

When a number of fields of magnetic force are merged, they
either addto create a more powerful field or cancel each other,
resulting in a diminished field. The factor which determines
whether they will add or cancel is their direction or polarity.
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Figure 22. Wire placed at right anglesto the lines of force from
the horseshoe magnet.

Suppose a wire with a d-c current flowing through it were
placed near the poles of a horseshoe magnet, as shown in Fig-
ure 21. The wire is parallel to the magnet lines of force set
up by the horseshoe magnet. Under these conditions, the mag-
netic field surrounding the wire is at right angles to the horse-
shoe’s magnetic field. The two fields neither aid nor oppose
each other, and therefore, they will not influence one another.

If the wire is now placed at right angles to the lines of flux
from the horseshoe magnet, the fields will be in the same di-
rection on one side of the wire, and in opposite directions on
the other side. Looking at the end of the conductor, the fields
appear as in Figure 22. To the right of the wire, the magnetic
fields from the horseshoe magnet and from the current flowing
in the wire are in the same direction. To the left of the wire,
the directions of the two fields oppose each other. The result
of this oppositionto the left of the wire and reinforcement to the
right of the wire is that of forcing the wire to the left.

If an electron beam is substituted for the wire with current
flowingin it, a similar actionwill take place, and the beam will
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be forced into a different path, because a magnetic field sur-
rounds the electron beam inexactly the same manner as it does
awire carrying a direct current (Figure 23). An electron beam
flowing in the direction indicated and at right angles to a mag-
netic field will be forcedto the left just as was the wire in Fig-
ure 22,
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Figure 23. Direction of magnetic field set up by an electron
beam.
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Figure 24. Direction of magnetic field in a solenoid.

The ability of a magnetic field to move an electronbeam from
its path when the beam is traveling at right angles to the field
is the principle upon which magnetic focusing is based.

In magnetic focusing, an electro-magnet is used instead of a
permanent one. An electro-magnet consists of many turns of
wire wound in the shape of a coil. Such a coil of wire is called
a solenoid. If current flows through a solenoid, the addition of
the magnetic fields created around each turn of wire results in
lines of force which travel along the axis of the solenoid, as
shown in Figure 24. If this solenoid is fitted around the neck

|
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of a cathode ray tube in which electrons are flowing, there will
be two sets of magnetic fields in action: (1) the field due to the
electronbeam, and (2) the field due to the current flowingin the
solenoid. As shown in Figure 25, electrons (A) traveling along
the axis of the solenoid are not affected since the field due to
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Figure 25. Focusing of an electron beam by a magnetic field
inside of a solenoid.

the electrons is parallel to the magnetic field of the solenoid.
Electrons which are diverging from the axis of the tube are af-
fected (B and C). The magnetic field due to the diverging elec-
trons is reinforced on one side but opposed on the other side,
and thus the electrons are forced back to the axis of the tube.
Since the electrons are moving forward, in addition to the side
motion resulting from the field surrounding the solenoid, they
follow a spiral path through the magnetic field created by the
focusing coil. After leaving the magnetic field surrounding the
solenoid, they continue to approach the axis of the tube. Elec-
trons (A), (B), and (C), therefore, converge again.

By properly locating the solenoid (referred to as the focusing
coil) and correctly adjusting the current through the coil, the
paths of electrons passing through the coil can be changed so
that all of the electrons meet at the screen to form a small,
«focused”’ spot. If the current in the coil or the location of the
coil is changed, the beam will no longer be focused on the
screen.

2-21 Focus Coil Construction. Commercial focus coils (Fig-
ure 26) are made by winding many turns of wire around a soft
iron core. An air gap is left in the center of the iron core
(Figure 25) to concentrate the lines of flux at the center of the
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focus coil. By concentrating the flux inthis manner, stray mag-
netic fields around the coil are reduced and are less likely to
magnetize the elements of the electron gun. Concentration of
the field increasesthe efficiency of the coil and reduces the di-

Figure 26. A commercial focus coil. (courtesy RCA)

rect current required to set up a sufficiently strong focusing
field.

In practice, the focus coil is moved along the length of the
tube neck to obtain the best focusing of the beam on the screen.
Fine adjustments of the focusing action are made by changing
the current flowing through the coil.

2-22 Electromagnetic Focusing vs. Electrostatic Focusing.
Since the use of electromagnetic focusing eliminates the need
for a focusing electrode, the electron gun structures used in
magnetic tubes are simpler and more economical than those
used in electrostatic tubes. The focusing action secured witn
the electromagnetic focusing system is generally better than
that obtained with electrostatic focusing. Electromagnetic fo-
cusing usually gives a smaller minimum spot size. This is a
distinct advantage as the reader will realize later.

2-23 Deflecting the Electron Beam. Part of the job of creat-
ing a televisionpicture on the screen of a picture tube consists
of moving or ‘‘deflecting’’ the electron beam from side to side
and from top to bottom of the screen. Two methods have been
devisedtoprovide the control over the electronbeam necessary
to accomplish this horizontal and vertical deflection. The two




FUNDAMENTALS 49

methods used are called (1) electrostatic deflectionand (2) elec-
tromagnetic deflection. The functioning of both of these deflec-
tion systems is similar to that of the related methods of elec-
tron beam focusing.

2-24 Electrostatic Deflection. In the description of focusing
systems, it was explained that electrons carrya negative charge
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Figure 27. Two pairs of deflectionplates mounted at right ang-
les to each other.

and are therefore attracted by positively charged bodiesand re-
pelled by negatively charged bodies. It follows then that if a
positively charged body is brought close to an electron beam,
the beam will be drawn toward it and conversely that the beam
will be forced away from a negatively charged body. This is
the principle upon which electrostatic deflection is based.

2-25 Electrostatic deflection of the electron beam in a picture

tube is accomplished by mounting two pairs of metal plates be-
tween the electron gun and the fluorescent screen. The pair of
plates which deflect the beam vertically are mounted one above
the other and are referred to as the vertical deflection plates.
The pair of plates which deflect the beam horizontally are mount-
ed side by side and are known as the horizontal deflection plates.
The designations ‘‘vertical’’ and ‘‘horizontal’’ indicate the di-
rectionin which the plates, referred to, move the beam and not
to the physical orientation of the plates themselves.

Figure 27 shows two pairs of deflecting plates. The two pairs



50 VIDEO HANDBOOK

of plates are mounted at right angles to one another. The ends
of the plates nearest the screen are bent outward toward the
wall of the tube. This bending is necessary so that the beam
will not strike the sides of the plates when it reaches the ex-
treme angles of deflection.
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Figure 28. The electron beam is moved horizontally when a
d-c potential is applied to the horizontal deflection plates.

With the plates mounted in the tube, it is only necessary to
place a potential acrossthe properpair ofplates to secure ver-
tical or horizontal deflection of the beam.

Figure 28 illustrates a pair of horizontal deflection plates a-
cross which a variable potential has been placed. When the po-
tential across the plates is zero, the beam is not deflected and
strikes the screen at 0.
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If the variable resistor is adjusted toward the positive end so
that a 10 volt potential difference exists between the plates, the
beam will be deflected and will strike the screen at the point

‘ marked 10. The deflection takes place in the direction of plate
Abecause it is the positive plate. If the potential difference is
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Figure 29. The horizontal and vertical deflection plates, with
separate sources of voltage connected to them.

increased to 20 volts, the angle of deflection will be increased,
and the beam will strike the screen at the point marked 20. If
the voltage is increased to 30 and againto 40, the point at which
the electron beam strikes the screen will move to the point
marked 30 and then to the point marked 40.

If the leads from the battery are reversed so that deflection
plate B becomes the positive plate, the beam will be deflected



52 VIDEO HANDBOOK

in the opposite direction. By foliowingthe procedure previously
outlined, the beam can be made to strike the screen success-
ively at the points marked -10, -20, ~30, and -40.

The operation of the vertical deflection plates is identical to
that of the horizontal plates except that the plates are mounted
one above the other and therefore cause the beam to be deflect-
ed up or down. If the upper plate is made positive, the beam
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Figure 30. The electron beam traces out a vertical line when
a high frequency sine wave is applied to the vertical deflection
plates.

will be deflected upward; and if the lower plate is made posi-
tive, the beam will be deflected downward.

Figure 29 shows both horizontal and vertical deflection plates.
Separate sources of voltage are shown connected across each
set of plates. The horizontal plate A and the vertical plate C
are positive and as a result, the beam is deflected upward and
to the left simultaneously. If the voltage across the horizontal
plates is the same as that across the vertical plates, the beam
will move between 1 and 2 in the figure as the voltages are in-
creasedequally. The beam can be positioned to any part of the
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screen by applying deflecting voltages of the correct polarity
and amplitude.

The cathode ray tube is sometimes used as an indicating de-
vice to measure voltages. A voltage to be measured is applied
to one set of deflection plates. The position to which the spot
is deflected on the screen is directly related to the magnitude
of the voltage on the deflection plates, and by measuringthe dis~

>

Figure 31. Raster pattern traced out by two sine waves, of
equal amplitude, but of different frequency, which are applied
to the vertical and horizontal deflection plates.

tance the spot has moved, the voltage on the plates may be de-
termined.

For television purposes, very rapidly varying voltages are
applied to the vertical and horizontal deflection plates. To il-
lustrate the effect of a varying voltage on one pair of plates,
Figure 30 shows a sine wave voltage connected to the vertical
plates. In a single cycle, the voltage starts at zero, increases
toa positive maximum of 80 volts, reduces to zero again, falls
to minus 80 volts, and returns to zero once more. With this
signal applied to the plates, the electron beam will move under
its influence and trace out a vertical line. If the sine wave is
of low enough frequency (less than 10 cycles/sec.), the beam
will move up and down slowly, and the human eye will detect
its movement. If a sine wave of higher frequency is applied
(about 60 cycles/sec.), the eye will no longer detect the move-
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ment of the beam, and the path traveled by the spot will appear
as a straight line on the screen.

If a similar voltage is connected to the horizontal plates of a
cathode ray tube, a horizontal line will be traced out by the beam.

If alternating voltages of the same amplitude, but of greatly
different frequency, are applied simultaneously to both the ver-
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Figure 32. A sawtooth voltage.

tical and the horizontal deflection plates, the pattern on the
screen will no longer be a line, but a square. This may be ex-
plained with reference to Figure 31. The line A-A’ represents
the pattern which is obtained if a varying voltage is applied to
the horizontal deflection plates only. Imagine now that another
varying voltage is applied to the vertical plates at the same
time. The result will be the moving of line A-A’ up and down
at the frequency of the vertical deflecting voltage. If this fre-
quency is greater than 10 c.p.s., the eye will not detect the move-
ment of the line and the screen will appear to be illuminated
over an area bounded by points 1, 2, 3, and 4. The action of
the electronbeam in tracing out the square pattern is known as
«¢scanning’’. The illuminatedpattern which appears on the flu-
orescent screen by virtue of this scanning action is known as a
‘‘raster’’.

2-26 Sawtooth Wave. Intelevision, sine wave voltages are not
used to secure the scanning action. For reasons which will be
apparent later, it is desirable to use a deflecting signal which
will move the beam from left to right and then, ailmost immedi-
ately, return it to its original position. The same is true for
vertical deflection where it is desirable to move the beam from
the top of the raster pattern to the bottom and then return the
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beam veryquickly to the top again. The deflecting voltage which
meets these requirementsis shownin Figure 32. Such a signal
is called a ‘‘sawtooth’”’ because of its shape. If such a voltage
is applied to the horizontal deflection plates of a picture tube,
the beam will move across the horizontal axis at a uniform rate
of speed during the rising portion of the curve. The beam will
return rapidly to its original starting point when the sawtooth

Figure 33. Illuminated pattern produced by applying sawtooth
voltages, of different amplitudes, to the deflectiom plates.

voltage drops back to zero. The time consumed during the re-
turn is known as the <‘flyback time’’ or ‘‘retrace time’’.

A sawtooth voltage is also applied to the vertical deflection
plates. When vertical and horizontal sawtooth voltages act on
the beam simultaneously, an illuminated pattern, such as shown
in Figure 33, is obtained. This pattern is not square, as that
shown in Figure 31, because the vertical sawtooth voltage is not
aslarge as the horizontal sawtooth voltage. Later the part which
the sawtooth voltages and the scanning raster play, in creating
the television picture on the screen, will be explained.

2-27 Electromagnetic Deflection. Electromagnetic deflection
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requiresthe use of coils toinflcence the beam as does electro-
magnetic focusing. Figure 34 shows a cross-sectional view of
the neck of a picture tube with a pair of solenoids positioned to
effect horizontal deflection of the beam. Current flows from the
battery through the top coil then through the bottom coil and back
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Figure 34. Method of magnetically deflecting the electronbeam.

to the battery. The coil is split into two parts, each of which is
connected in series and placedon a different side of the picture
tube. The current through the coil sets up a magnetic field as
indicated by the lines of force. In the figure, the electron beam
traveling through the center of the tube is going into the page
as indicated by the x. The magnetic field, due to the travel of
the electron beam, is re-inforced by the lines of force from
the external field on the left side, while on the right hand side,
the fields oppose. This causes the beam to be forced to the
right. Similarly, another set of deflecting coils placed per-
pendicular tothe coils, shown in the figure, will deflect the beam
up or down, depending upon the direction of the magnetic field
surrounding the coils. Since the current through the coils de-
termines the direction of the magnetic field, it also determines
the direction in which the beam is deflected.

When magnetic deflectionis used, the magnetic field must vary
in strength and direction in a manner similar to the varying
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voltages on the plates of an electrostatically deflected tube. It
| hasbeen shown that electrostatic deflecting voltages have a saw-
tooth shape for television scanning. The strength of the mag-
netic field must alsoincrease and decrease in a sawtootn fash-
ion. Since the magnetic field surrounding acoil is proportional
to the current in the coil, the deflecting current will likewise
have a sawtooth shape.

Figure 35. A commercial yoke.

Coils used for electromagnetic deflection consist of many turns
of wire and are called solenoids, as in the case of electromag-
netic focusing. In order to make a neat and compact arrange-
ment, the vertical and horizontal deflecting solenoids are placed
ina cylindrical container called a ¢‘yoke’’. The shape and con-
figuration of the deflection coils ina commercially manufactured
yoke are shown in Figure 35.

2-28 Magnetic Focusing vs. Magnetic Deflection. So that the
reader will not confuse the action of magnetic fields in focusing
the electron beam with the deflecting action, the following is a
review of both. In magnetic focusing, the lines of flux around
the solenoid placed over the neck of the tube, are parallel to the
axis of the tube. A d-c current is fed to the focusing coil to
force electrons back to the axis of the electron beam. In mag-
netic deflection, the lines of flux surrounding the deflecting coils
are perpendicular to the axis of the tube. A varying current in
the vertical and horizontal deflection coils moves the entire e-
lectron beam up and down, or left and right.

The yoke is positioned between the focus coil and the point
where the neck joins the funnel portion of the tube, as shown in
Figure 36. The electron beam is therefore focused before it
reaches the deflection coils. Once the beam has been focused,
the deflection coils impart vertical or horizontal motion to it.
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2-29 Electromagnetic vs. Electrostatic Deflection. Electro-
magnetic deflection is preferred over electrostatic deflection
whena large diameter picture tube is used. This choice is based
mainly on the cost of the circuits necessary togenerate the saw-

Figure 36. Positions of yoke and focus coils on the neck of a
picture tube. (courtesy DuMont)

tooth voltages or currents which deflect the electron beam. With
the larger cathode ray tubes, greater accelerating voltages are
necessary in order to obtain a sufficiently intense spot on the
fluorescent screen. Since the beam is traveling faster, it is
more difficult to deflect. If electrostatic deflection is emplayed
with a large tube, sawtooth voltages of very great amplitude are
necessary. It is difficult to build circuits which can generate
large sawtooth voltages, while large sawtooth currents can be
generated with relative economy. Withtubes teninchesand lar-
ger in diameter, magnetic deflection is preferred; however, in
small tubes, seveninches orless in diameter, electrostatic de-
flectionis used because small sawtooth signals are required to
deflect the beam, and the electrostatic system is quite inex-
pensive. Electrostatically deflected tubes are invariably elec-
trostatically focused. A few magnetically deflected tubes, such
as the 5TP4, are electrostatically focused.

2-30 Fluorescent Screens. As mentioned previously, the
screen of the picture tube is used toproduce a visual pattern of
the movement of the electron beam. If a screen were not used
in a picture tube, a slight glow wouldbe visible where the elec-
tronbeam struck the glass face of the tube, eventhough the beam
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itself is invisible. The glow would not be satisfactory for view-
ing purposes and, therefore, a screen material is necessary to
produce a bright image on the face of the tube. The screen ma-
terial usedis of such a nature that it glows when bombarded by
electrons. Some of the chemicals which react in this manner
are zinc orthosilicate, calcium tungstate, and zinc sulfide. The
intensity and color of the light emitted by a fluorescent screen
depends upon: 1 the chemical used in the coating; 2 the thick-
ness of the coating; 3 the velocity of the electrons striking the
coating; 4 the number of electrons which strike the coating (beam
current); and 5 the length of time that the beam remains in one
position on the coating.

The term ¢fluorescence’’ was introduced previously in the
discussion of picture tube screens. (Section 2-12). Fluore-
scence is the property of the screen which causes it to glow
when it is bombarded by the electron beam. In describing pic-
ture tube screens, the term ‘‘phosphorescence’’ is also used.
Phosphorescence is a property of the screen material which
causes it to glow after the electron beam has been removed.
The term ‘‘persistence’’ is used when referring to the phos-
phorescent property of the screen. A screen which glows for a
comparatively long time after being struck by electrons is said
tohave along persistency, and a screenwhich glows for a short
time is saidto have a shortpersistency. The persistence of the
picture tube screen is important in television, since a certain
amount of persistence is desirable to make the television pat-
tern appear stationary to the human eye. As the electron beam
moves across the screen, it lights up successive points. Be-
cause of the phosphorescent quality of the screen material, the
points on the screen glow until the beam scans across them a-
gain. This enables the eye to retain an image of the spot be-
tween successive scans.

Cathode ray tubes are made with screens which have persis-
tencies of from a few microseconds to as long as several min-
utes. The persistence and color of the glow of screen materials
are designated by letters and numbers. For example, a P1
screen has a green fluorescence with a medium persistence.
The P4 screen, used mainly in television, has a white fluore-
scence and medium persistence. This screen is preferred for
televisionb