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PREFACE

Television, the new magic of communication, has whetted

the interest of thousands of amateur experimenters, who,

having mastered the less spectacular art of sound communi
cation by radio, now feel the urge to push forward into new
fields of scientific adventure. Television, quite contrary to

what might be anticipated, requires only modest equipment
and even those with a more or less superficial knowledge of

electrical phenomena may set to work building their own tele

vision and phototelegraphic machines with every assurance of

enjoying something more satisfying than mediocre success.

In the preparation of this little volume, the author sought
to gather and present only data that would answer the questions

and solve the problems of those practical-minded experimental
ists who desire to assemble their own television and telephoto-

graphic machines for what pleasure they may derive by so

doing. What is needed more than anything else at the present

time is a handbook of useful information : applied television.

The author wishes particularly to mention the courtesy of

the Bell Telephone Laboratories, Inc., for the use of many
pictures and diagrams to say nothing of a liberal portion of

text taken from the publications of this organization. The

practical achievements in the art of television of the Bell

Telephone Laboratories are the fruit of scholarly analysis of

the many delicate problems involved in transmission and re

ception. Owing to the limited circulation of the technical

journals issued by the Bell organization, it was thought
advisable to make some of this extremely valuable data avail

able to a larger number of experimentalists. 7 ^"^
RAYMONDFRANCIS YATES.

June, 1929.
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A. B. C. OF TELEVISION

CHAPTERI

TELEVISION THE NEWCONQUESTOF SPACE

How the Principles of Television were Invented in 1884 and what the Future

Holds for this Promising New Child of Science A Description, in Nar
rative Form, of the Television of the Future.

IN 1884, many years before Henry Ford succeeded in

clogging our national highways with hemorrhages of tin and

while the odiferous kerosene lamp still illumined the great

American home, Paul Nipkow, a more or less obscure German

experimenter, applied for a patent on what he very aptly called

an "electric telescope." Nipkow was no idle dreamer, for his

patent specification No. 30105, which is still available at the

German patent office, did something more than merely antici

pate an approximation of contemporary television equipment,

he prescribed it with precision. Minus a few modern conven

iences and scientific refinements that were quite unknown in

Nipkow's day, the present television receiver and transmitter

is built, bolt for bolt and gad jet for gad jet, as this sanguine,

hard-headed Jules Verne would have built it during a time

when cigar store Indians were still a curious innovation of

American merchandizing. Any treatise on the subject written

3



4 A. B. C. OF TELEVISION

without an acknowledgment of Nipkow's fundamental con

tributions would amount almost to a blasphemy for it was in

his penetrating mind that the daring conception was born.

It is true that many of our greatest inventions are mere

adjuncts to our senses; mechanisms that provide sensory pro

jection or extension into realms beyond natural limitations.

The telephone and radio permit us to hear over appalling dis

tances. A man in New York conceivably may listen to the

drone of a bee in Shanghai. Roentgen's X-Ray and the micro

scope permit a marvelously intimate examination of matter;

we are able to equip our eyes with the Seven League Boots of

vision, so to speak. Television is but another accessory for

our most important sense, providing, as it does, a practical

realization of that age-old yearning to see over distances that

defy our optical powers. How long the race has yearned to

see loved ones from afar, to steal even a transitory glance

that would satisfy the heart and set the mind at ease! Indeed

television is the realization of what must have been a primitive

urge.

Although the fundamentals of seeing electrically were not

wholly unknown to the writer at the time of seeing his first

practical demonstration, there was a fascination to it that

almost bordered on awe. Here was the laughing face of a

man whose actual physical being was located in the obscure

corner of a great factory several miles distant. Not a single

movement eluded the keen, watchful eye of the mechanism be

fore which he sat while the electrical equivalents of his likeness

were flung into the great amphitheater of space. His voice,

perfectly synchronized with the movement of his lips, added

a touch of realism and there was the smoke from his cigar

ette!

The picture, measuring about 4 by 5 inches, was in tones
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of pinkish-red, a color which represented the spectrum of the

gas neon contained in a special electrical lamp capable of

extinguishing and relighting itself as many as 100,000 times

per second. The picture was divided up into 48 thin strips,

each strip being separated by a very thin line of black.

Much like the movies of old, the reproduction at times stub

bornly drifted from the field of vision only to be coaxed

back into position by the operator. Judged by the high stand

ards of present-day photography, this illusion was unmistak

ably crude but the fact that television had reached even such

an immature state of perfection was in itself a significant

happening. At least the man could be easily recognized and

even such a slightly tangible thing as the smoke from his

cigarette was sufficient to cause registration. Surely one

could not help but be sanguine over the staggering possibilities

of this new art.

Due to the highly imaginative and at times flagrantly specu

lative musings of the Sunday newspaper writers, television is

at the moment, however, too enthusiastically appraised by the

lay public. Already the public is talking of the imminence of

home television perfected to a degree where it will be possible

to enjoy a football game or a presidential inauguration from

the vantage point of a luxurious living-room chair. While the

patriarchs of engineering admit the possibilities, they seriously

question the imminence unless some un for seen development

completely revolutionizes present practice. It must be conceded

that appalling technical difficulties at present stand between

football games and living-room walls. In the same breath

it must be maintained that, even with the modest development
that has taken place, television is practically ready for domestic

application. Although the scope of the scenes scanned cannot

include anything more pretentious or sizeably than intimate
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likenesses of broadcasting performers, the lure, the novelty

and captivating fascination of the feat brings it within the pos

sibilities of immediate commercial exploitation. Television is in

its earphone stage of development. Perhaps before this volume

reaches the hands of the public, a large number of homes in

the Republic will be equipped with the new marvel of the age.

The least that may be said is that television is ready to

court the attention of that vast army of radio experimenters

who so enthusiastically mastered the mystery of communica

tion without wires. To the legions of amateur pioneers, tele

vision falls as a rightful heritage; it needs their patient hands

and ingenious minds. Broadcasting received its original impetus
from the inquisitive dabblers of 1920, who through their

activity in the fabrication of home-made receivers, brought the

manufacturers rushing to the public with merchandise to

satisfy a theretofore undreamed-of demand.

Contrary to what appears to be the public notion, television

is neither involved nor complicated. Some are inclined to

measure the intricacy of a machine by the marvel of its prod
uct. This analysis does not always hold. It certainly does

not hold in television. Living pictures, signals or impulses

are available to an ordinary radio receiver, the only accessory

apparatus at present needed taking the form of a metal disc,

a washing machine electric motor and a neon lamp which may
be purchased from a dozen different radio manufacturers.

The only remaining requisite is the zeal and love for adven

tures in science-land possessed by millions of scientifically and

mechanically inclined Americans.

Television gives man still another advantage in his fight

to annihilate space and mitigate the importance of time as

a factor in the life of the world. Phototelegraphy, the art of

sending "still" pictures by wire and wireless has already facili-



A special neon lamp with electrodes measuring i^ x itf. Such lamps are
connected in the output circuits of television receivers.

A photograph of a special resistance-coupled amplifier designed for the
amplification of television signals.
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tated the intercourse of many corporations and individuals. The

facsimile of a legal document filed in a telegraph office in

London, is wafted across the Atlantic in a matter of minutes

and delivered to its destination before three hours have elapsed.

There is a ten million dollar bond issue to float. The public

announcement from San Francisco must be released on a

given day simultaneously in New York, San Francisco, Chi

cago and Boston. Copy is late, due to last minute changes and

revisions. Facing this emergency, the agent representing the

Corporation borrowing the money, turned to the phototele-

graph. The announcement was published in the four corners

of the United States as per schedule. This speed, by com

parison, makes a snail out of the fastest airplane.

The Standard Oil Company of California now sends its

annual statement to the press of the country by the phototele-

graph. Rogues gallery photographs and fingerprints are ex

changed between the police departments of all our large cities.

Banks send signature cards and signature verifications. A doc

tor in Cleveland sends an X-Ray photograph to a specialist in

New York for diagnosis and saves a man's life. Such are the

services rendered by the picture transmitter.

Every invention changes to some extent the habits of life.

Some even effect profound economic readjustments. How tele

vision will effect our mode of living or the intercourse of

the world only time will tell. Today, the order of things calls

for centralization. New York is a Colossus born of the need

for the centralization of finance. Centralization is in itself a

potent weapon against time. It cuts down the need for trans

portation. Today working Manhattan gets on the subway
at 5 p.m. and rides to upper Manhattan. Tomorrow it may
fly to Adirondack villages in aerial argosies or on a five-

hundred-mile-an-hour mono-rail. There are two things that
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tend to defeat the need for this centralization; one is high

speed transportation at low cost and the other is the now-

infant television. Most of our business, to say nothing of

our social intercourse, is done by sight and speech. The ex

tension of both of these senses over vast distances should

obviate the need for transportation of human beings at least.

Wemay, without much stretch of the imagination, look for

ward to a time when a board of directors may meet electrically,

see and talk with each other and discuss quite privately the

affairs of their enterprise. As a matter of fact, that is some

thing that could be accomplished today in a limited way, so we
are not taking flight to imaginative regions when we list it

with the possibilities. Much of our business intercourse that

today requires the physical presence of the parties concerned

might well be done by television. We might extend our

speculation to include a meeting of the League of Nations

or a session of the United States Senate.

Soon the phantom images of television will be as large, as

real and as perfectly delineated as those that amuse us with

their tragic and humorous antics on the motion picture screen.

Indeed those who read this book may live to see them in color

and with a third dimensional effect. These scanty, jumpy and

ragged forms of the present art will doubtless grow to live in

an illusion so highly perfected that we can only dimly appre
ciate its realism at the present time. It is wholly conceivable

that we shall be able to feel by radio touch transmitting. If

we can produce an illusion that satisfies one sense, there is

really no reason why we cannot trick the remaining senses.

Just as we now employ a scanning device at a television

transmitter so might we devise some sort of an exploring
"feeler" that would, for instance, electrically register or im

press equivalent impulses upon an electromagnetic wave. At
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the receiver we simply need a membrane sensitive and pliable

enough to be "modulated" with the received impulses of vary

ing intensity. This may be a highly imaginative speculation,

but after all imagination is the very essence of creative effort

and invention.

The educational potentialities of television are so obvious

that little need be said concerning this phase of the subject.

The old Chinese adage "A picture is worth ten thousand

words" is still a gem of wisdom. This one expression alone

probably foretells as much about the educational future of tele

vision as can be written in pages.

Some years back, when the writer was preparing a daily

critique on broadcasting for the NewYork Herald-Tribune, he

published a short skit which outlined, as part of the narrative,

the television receiver of the future :

"The luxurious living room in the apartment of Adam
Gleek was quite dark save for the kindly, comforting glow that

the fire in the broad hearth shed on the surroundings.

"Adam, a nervous, gray- whiskered little old fellow, still

dressed in the style of 1930, slapped on the knee his crony H.

Budington Lyman, M.D. 'Bud,' he said, 'You came in just

in time to see a good evening's entertainment. I had the

Television Times on the wall directly after dinner. The radio

program tonight will include a trip to Yosemite Valley by the

camera reporter of the Station BAi4. BAi4, you know, Bud,
is the station that reported the last Kentucky Derby so beauti

fully. Doesn't sound bad, eh?'

"H. Budington Lyman, M.D., although gray-haired and

slightly wrinkled, had managed to preserve some of the ath

letic poise of earlier days. He was large in frame and had

a deep, gruff voice that matched perfectly his physical great

ness. He remained thoughtfully silent for several moments.
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"Adam looked at him, questioningly. The program, Bud ;

do you think you will like it?'

"H. Budington Lyman stirred himself. 'Yes, Adam/ he

said, 'I believe that we shall both enjoy the program, but I was

just thinking of some of my earlier experiences with the radio

when I was an enthusiastic youth. You remember the old

days, Adam, when we could receive nothing but wheezy voices

and music thick with the mold of distortion. That was the

time when I was practicing on Fifth Street and you lived

around the corner. I shall never forget that three-circuit tun

ing device that I had set up in the back of the office. Let me
see, you had some kind of a dingbat what was it? Oh, yes!
an Armstrong set. You thought it was about the finest thing
ever and we were constantly getting into arguments as to who
could pull in the most distance. Remember, Adam?'

"Adam Gleek gave a nervous little cough, slipped down fur

ther into the softness of the divan and gazed ceilingward.

'Gad, Bud/ he said, tapping his nose with his spectacles, 'I

should say I do remember those days, but you were wrong
about the set I had. It was a neutrodyne if I remember cor

rectly, and what a lot of sleepless nights that old thing brought
to me and the whole family. But if you did not go to the

office in the morning with a long list of stations that "you had

copied the night before, you got the "razzberries," to use an

expression of those days. What a sorry mess the radio sets

were then? Remember the danged B batteries, the storage

batteries and all the other contraptions that one had to use?'
" 'What provoked me most of all/ H. Budington growled,

savagely biting the end of a new cigar, 'was the interference

that stations caused. My old three-circuit tuner used to be

pretty selective, but even at that I had a great deal of trouble

compared to the service that we get today. I lost a good
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patient at that time too; a fellow who used to be a radio- fre

quency fiend. I had treated him ever since the time I started

to practice, but we got into a heated debate one day over the

relative merits of radio- frequency and the three-circuit tuner

set, and do you know, he got so boiled up about it that he paid
his bill before he left and I haven't seen hide nor hair of him

since,' Lyman chuckled.

"Adam spoke. 'I think the most disagreeable features of

the old-fashioned radio,' he said, continuing to tap his nose

with his silver-rimmed spectacles, 'was the terribly annoying
screeches and howls that one would innocently pick up from

the neighbors who had radios. If my memory serves me

correctly, it was not until the year 1928 that this nuisance dis

appeared. I remember too
'

"The mellow sounding gong of the radio-controlled clock

on the mantel struck eight. Mr. Gleek arose and walked

briskly to the television receiver on the opposite side of the

room. 'Gracious,' he said pressing the button that controlled

the filamentless vacuum tubes, 'I had had no idea of the time,

BAi4 begins at 8 105.' He set the tuning control to a point

which bore the mark of the station that was to be received

from and returned to the divan.

"There suddenly appeared on the wall at the side of the

mantle a square of soft green light. It was an odd green that

contrasted strangely with the red tinge of the fire already

present.
' 'Ah ha,' said Mr. Gleek, 'they are transmitting in green

tonight. It fits the subject beautifully. Leave it to BAi4 for

good judgment in choice colors. I shall never forgive

WZ27 for transmiting the funeral of President Fisher in

orange.
"

Television BAi4,' said a soft voice coming from the
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direction of the radio on the opposite side of the room. It was

deceivingly human in tone and quality. 'Connections have

just been established with our camera reporter in Yosemite

Valley and we are now ready to present to our audience beau

tiful views of what are probably some of nature's grandest

spectacles. Our reporter has succeeded in setting up sixteen

cameras and consequently we shall see sixteen of what are

considered the best scenes of the locality.'

"Before the last word of the announcer had melted into the

stillness of the room, there appeared on the wall the picture

of a beautiful waterfall. It was the Bridal Veil in all of its

splendor. Simultaneously with the picture the room was filled

with the sound of water dashing against rock.

"The sound of the waterfall suddenly grew dim and the

same clear voice returned. It was of such volume that it could

just be heard above the sound of the falling water.

'You have before you,' it said, 'a picture of the Bridal

Veil Falls, Yosemite Valley.' The sound of the gushing water

and the voice of the announcer melted away and the charming
strains of the Bridal March from Lohengrin filled the room.

"The voice returned. 'Our next scene,' it said, 'will be

presented from another camera located in one of the smaller

streams of the Valley. Although this scene is not so well

known it is one of the picture gems of America/

"The picture of the Bridal Veil passed away and there ap

peared in its stead the picture of a bounding brook dashing

down a mountain side amidst pines and huge, moss-covered

outcroppings of rock. Its rapidly moving waters chattered

gayly in the background of Mendelssohn's Spring Song.

"For a solid hour Dr. Lyman and his friend Adam Gleek

sat and feasted their eyes upon the stupendous scenery of the

Yosemite. When it was over Adam jumped to his feet and
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in his usual quick way walked over to the television receiver.

'And now/ he said, 'let us see what the Century Gardens

have to offer. What do you say, Old Top?' This, looking

at his crony.
"

'I refuse to be disappointed/ chuckled H. Budington

Lyman.
"Mr. Gleek carefully turned the tuner knob to LV2Q, the

television transmitter of the Radio Amusement Corporation

of America. The shrieks of the jazz orchestra poured into the

room and simultaneously there apppeared on the wall a black-

faced comedian who was the son of the old-time Eddie Cantor.

A dozen pretty young ladies with veil-like gowns danced into

the background.

"Adam adjusted his spectacles to his nose. 'Not bad/

he said.
"

'Like the morning sunshine/ came back H. Budington.
"After the picture of the dancing girls had disappeared, the

screen was occupied by a gentleman in evening dress, evidently

the manager.
"

'Ladies and gentlemen of the television audience/ he be

gan, 'I have a very important announcement to make to you
this evening. I regret to say that it is an announcement that

will cause you no pleasure. One of your favorite entertainers

is terminating her contract with this company tomorrow for

an age-old reason. She is going to be married.'

"Before the gentleman had finished speaking a captivat

ing brunette appeared. She was a subject for the poets, with

roguish eyes and divine figure. She smiled demurely. Adam
leaned forward quickly at the sight of her, adjusting his spec

tacles as he did so. H. Budington followed. There was a

moment of silence.
"

'Irene/ moaned Adam as though speaking to himself.
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"H. Budington Lyman turned quickly and shot a question

ing glance at his friend. There was a moment of silence.

"
'Did she hook you, too, Adam?' growled H. Budington

settling back into his seat. 'Well, I was going to marry her

in June myself so I guess we are both old fools.'

So much for the future of television.

Today the devices and instruments of science are so multi

tudinous and far-reaching in their scope of application, that

dreams rapidly harden into realities and the imaginative vapor-

ings of yesterday are the actualities of the moment. Material

equipment is at last bidding fair to match the needs of our

mental equipment. Ideas, no matter how startling they may
be, do not wither and die in the minds of their creators for

the want of practical components and accessories.

Five years ago science completed its task of supplying the

necessary wherewithal for television. The co-ordinating ge

nius of a score of independent experimenters triumphed in

bringing the accessories to function as a composite whole and

today television is an accomplished fact. "Electric eyes" that

catch the fleeting impressions of a moving image with a speed

and accuracy that matches the human optical organs is but one

of the wonders that had to be perfected before seeing over a

distance came within the realm of the possible. Perhaps even

a more prodigious task was that of developing an electric light

that would be completely extinguished and relighted to full

brilliancy no less than 100,000 times a second. Radio, too,

made its contributions to the success of the new marvel, for

whether we see over the air or by wire, that useful tool of

science, the vacuum tube must be used.

The dispatching of a picture by wire or the ether is divided

into three distinct departments and before delving further

into the intricacies of the art, we shall do well to establish our
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nomenclature. Telephotography has to do only with the trans

mission of photographic facsimiles. Photographic prints are

translated into equivalent electric impulses at the transmitter

and the effects of these are automatically co-ordinated and re

corded at the receiver in such a way as to recreate the varying

tones of the prototype which may be thousands of miles dis

tant. Television, on the other hand, is the art of seeing living

scenes. Technical immaturity at present limits these scenes to

a rather narrow scope but, even with the present encumbrances,

we may witness a performer strumming a guitar. Wemight
even count the freckles on his nose or number the rings in the

smoke from his cigarette.

In telemovies or telecinematography, reproductions from

standard moving picture film flowing through a standard pro

jector are used to modulate the wave or current at the rate of

sixteen pictures per second.

Considering the appalling technical difficulties that con

fronted the pioneers of television, the progress of the last five

years has been sufficient to gratify the hopeful observers. From
an unruly splash of light that bore not the slightest resem

blance to the object at the transmitter, we are now able to

view scenes sharply focused and steady.



CHAPTERII

TELEVISION SYSTEMS

Complete and Elementary Explanation of the Fundamental Principals of

Television As They Are Applied Today in Both Transmitting and Receiv

ing Methods of Synchronization, Scanning and the Function of Photo-
Electric Cells.

To say that a television image is an illusion may seem

somewhat paradoxical. However, it is just that. Nothing

more, nothing less. It is obvious that we cannot transmit

physical realities or even pictures of physical realities. What
we can do, however, is to transmit impulses of varying ampli
tudes and so arrange these impulses at the receiver that they will

appear as likenesses of the object or objects at the transmitter.

This is exactly what television does, the weaknesses of the

human eye being the key to the solution of the problem. If

the human eye was instantaneous in its response to light im

pulses, television would today be nothing but the misty dream

of attic inventors.

What happens when sound strikes the diaphragm of the

microphone at the broadcasting station? That is a question

that must be fully answered before we can hope to fathom the

mysteries of "seeing by radio." When sound strikes the dia

phragm, several interesting things happen. First and fore

most, the diaphragm of the microphone responds to the im

pinging vibrations by itself vibrating. If it is a good dia

phragm, it will faithfully keep in step with the vibrations that

16



TELEVISION SYSTEMS 17

strike it. The diaphragm then communicates these vibrations

to a small container filled with highly polished carbon granules

through which an electrical current is permitted to pass. When
no sound is striking the diaphragm of the microphone, these

little carbon granules are all at rest, and the current proceeds

through them, smoothly and uniformly. When the diaphragm
is thrown into vibration, this vibration is communicated to

the carbon granules and they rub against each other, this rub

bing and jostling causing a variation in the electrical current

passing through the microphone. In other words, the resist

ance that the carbon granules offer to the passage of current

is varied in exact accordance with the sound being impressed

upon the microphone. This is called modulating. The micro

phone modulates the currents passing through it. These cur

rents, in turn, are picked up, amplified with vacuum tubes, and

then again modulate the radio wave passing out from the

broadcasting station.

In the broadcasting of television, we must have a micro

phone that will be modulated with the less tangible medium of

light. Inasmuch as light exerts no measurable pressure upon

striking an object, it is plain that an ordinary microphone can

not be used to impress the light impulses upon the broadcast

wave. There is, however, a "microphone" that will perform
this function. It is the photoelectric cell. We might look

upon the photoelectric cell as a "light microphone," one in

which the degree of current passing through will be varied in

accordance with the intensity of the light striking it. The

photoelectric cell does not depend for its action upon carbon

granules, for, compared to the minute pressure exerted by light

in falling upon an object, the granules contained in a sound

microphone would be the equivalent of thousands and thou

sands of tons of carbon.
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Hallwack observed, way back in 1888, that when certain

metals are exposed to light, they shoot off electrons; actual

particles of electrical current. Later experimenters found that

this effect could be greatly convenienced by enclosing these

light-sensitive metals in a glass tube devoid of air. By in

serting two electric terminals in this cell and bringing the wires

to the outside, the electrical effects could be observed more

readily. When photoelectric cells are exposed to light, they

actually generate a minute current; a current, however, that is

so small that it must be measured in millionths of an ampere.

Furthermore, the degree of this current is regulated in exact

proportion to the intensity of the light striking the cell. If the

cell is in the dark, no current will pass. If it is placed in close

proximity to a powerful arc light, the current will reach maxi

mumamplitude, providing all other conditions are suitable.

Assuming that we could impress light waves or rather the

effects of light waves upon a broadcast wave, through the me
dium of the photoelectric cell, how would these radio waves be

received on an ordinary receiving set? If the photoelectric

microphone was intermittently exposed to light, we might hear

the effect of this in an ordinary loudspeaker. If the light at

the broadcasting station was interrupted, say, sixty times a

second, there would be produced in the loudspeaker a humming
sound which would have a frequency of sixty. Thus we see

that every picture might have its equivalent in sound and that

a picture is actually received as a series of sound impulses.

However, we cannot see sound waves.

Our next problem, then, is that of finding a loudspeaker that

will convert these picture impulses into light waves of various

intensity. A neon lamp will perform this function. When the

gas, neon, is enclosed in a glass container and subjected to an

electrical current of sufficient intensity, the gas will glow,
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giving forth a pinkish light. The degree of brilliancy will

depend entirely upon the amount of current passing through
the lamp. The uninformed reader might well ask: "Why
cannot an ordinary lamp be used for this purpose?" Ordinary
electric lamps give forth light due to a current passing through
and heating a metallic filament. This filament reaches a point

of incandescence and a measurable period of time elapses be

tween the instant the current is turned on and the time the lamp
reaches full brilliancy. The neon lamp is far more agile in

its performance. It has no filament, its illumination being

caused entirely by the movement of gas atoms. Consequently,

such a lamp may be turned on and off as many as 100,000 times

a second; so fast, indeed, that the human eye is led to believe

that there has been no interruptions. Yet the lamp will go
from total darkness to full brilliancy this prodigious number

of times every second.

Now that we have provided ourselves with the "light micro

phone" and the "light loudspeaker," we are equipped with the

necessary components for television, and we shall proceed to

learn how these two instruments may be applied so

that living objects in a broadcasting studio may be "seen"

through the medium of an ordinary radio receiver located at a

distant point. Our understanding of this new magic of broad

casting will be greatly assisted by constant reference to

Figure i. Here we have laid out before us the vital parts of a

television transmitting and receiving equipment. On the trans

mitting side, which happens to be to the left of the page, we see

a human face poised before a "light microphone." To increase

the sensitivity and the scope of the transmitter, three photo

electric cells are used. These are indicated at P. Directly to

the rear of the photoelectric cells there is what is known as a
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scanning disc, and back of the scanning disc there is arranged
a powerful source of light.

It will be evident that the object could not be illuminated

in its entirety but must be explored progressively with a power
ful beam of light. If the arc lamp back of the photoelectric

cells were permitted to illuminate the object in its entirety and

at one instant, the photoelectric cells would simply receive a

jumble of impressions. The object must be scanned; that is,

it must be explored in a progressive fashion with light, and it

is the object of the scanning disc to control this light source

so that a fine, but powerful, beam will start in at the top of the

object and sweep across it, first at one level, then at a slightly

lower level and so on until every portion of the object has been

illuminated. The scanning disc performs this function through
the agency of holes, spirally arranged. The first hole in the

spiral sweeps across the top of the man's head and, when it

gets out of the field of illumination, the second sweeps another

beam of light across the object at a slightly lower level, due

to this hole being arranged at a different point in the spiral.

This process is continued until the whole object has been care

fully explored, a process that is brought about at every complete

revolution made by the scanning disc.

When the object or person to be broadcast intercepts these

dancing beams of light, the beams are reflected from the object

to the photoelectric cells, or light microphones. Let us assume,

for a moment, that the scanning disc is motionless and that a

beam of light has rested on the hair of the performer. Let

us assume further that the hair is black. It is well known that
^

black objects do not reflect much light, hence the photoelectric

cells will not pass a great deal of current under these conditions,

inasmuch as they will not receive a great deal of light. How
ever, if the scanning disc was moved forward to a point where
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the beam of light rested on the man's forehead, considerable

light would be reflected and a proportionately larger amount

of current would pass through the photoelectric cells. If one

of the exploring beams struck a spot that had a shade some

where between the brightest spot on the man's face and the

darkest spot of his hair, the current produced in the photo
electric cell would be in exact proportion to the difference.

Before proceeding with our description, let us make sure

that we have a clear understanding of the way in which the

scanning disc performs. It is the object of this device to search

out every portion of the object's face, and to bathe it in streams

of light that run progressively from top to bottom, drinking in

every detail as they go.

In the diagram referred to, which illustrates a television

system developed by the Bell Telephone Laboratories, there are

really three independent radio transmitters. The photoelectric

cells, or light microphones, are connected to one transmitter

through a series of powerful vacuum tube amplifiers whose

function it is to amplify the minute currents generated in the

photoelectric cells as a result of the fleeting impressions to which

they are exposed. The second radio transmitter, working on

a still different wavelength, is used to send out what is known
as the synchronizing signal. This synchronizing signal is used

to keep the transmitting and receiving apparatus operating at

harmonious speed. Still another transmitter is used to carry

the sound of the performer, who may be singing or playing a

violin.

Weare now ready to pack up our mental belongings and

move over to the receiver, where we shall attempt to see how
these picture-impulses are received and presented in such a fash-



Here is a part of the 2500 separate wires running from the contacting
device to the 2500 tinfoil electrodes on the large neon tube of the Bell Tele

phone television system. The revolving contactor connects each one of the
electrodes once during each revolution. Naturally, this revolving arm runs in

synchronism with the scanning device at the transmitter. (Photo Courtesy
Bell Telephone Laboratories, Inc.)

The layout of the Cooley Rayfoto apparatus. T is the panel, Ma rheostat,
F a variable condenser, U the baseboard, E a choke, K a grid leak, J the grid
condenser, 12 a fixed mica condenser, A the cornoa coil, G2 the oscillator tube
socket, V the binding post strip, R 0-25 milliammeter, L a rheostat, C a relay,H a fixed mica condenser, B a special modulator transformer, P a push button,N an automatic filament rheostat, Ii a fixed mica condenser, Gi a vacuum
tube socket, and D an audio transformer.
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ion as to cause the picture illusion. Due to the synchroniz

ing wave, the scanning disc at the transmitter is caused to keep

perfect step with the disc at the receiver. When hole No. i, at

the transmitter, is in a certain position, hole No. i at the re

ceiving disc will be in a corresponding position. The picture

signals which, in this case, were transmitted at 191 meters, are

picked up on a standard radio tuner, amplified, and carried to

the neon lamp which is connected to the receiver in place of an

ordinary loudspeaker. This neon lamp is mounted directly

back of the scanning disc at the receiver. In front of this

scanning disc there is arranged a small aperture, which in this

case happens to be 2 by 2 }/ 2 inches, and it is through this aper
ture that the observer at the receiver "sees" the picture or

imagines that he sees a picture. When the beam at the trans

mitter strikes a black portion of the object, very little current

will flow into the photoelectric cells and very little current will

be received and amplified by the receiver. Consequently, very
little current will flow through the neon lamp and, as a result,

its glow will be reduced in exact proportion. Indeed, if the

spot on the object at the transmitter is absolutely black, the

neon lamp at the receiver may give forth no light at all. If, on

the other hand, the scanning beam of the transmitter struck a

scintillating diamond tie pin, the little neon lamp at the receiver

would instantly flash to full brilliancy.

From the insert in our drawing, it will be noticed that the

observer, in looking through the aperture at the receiver, is so
fc

arranged that his line of vision will strike a plate which is

arranged in the interior of the neon lamp. It is on this metal

plate that the actual light changes take place.

At this point it is important that we should understand the

meaning of visual persistency. Whena flash of lightning reels

down the sky, our eyes insist upon seeing it for a period much
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longer than the flash actually lasts. As a matter of fact, the

eye insists upon seeing it at least i/i6th of a second after it

has actually disappeared. This is called visual persistency, and

it is upon this shortcoming of human sight that the illusion of

motion pictures is based. As a motion picture film streams

through the projector, the eye insists upon retaining each im

pression until the succeeding picture is brought into place, the

first dissolving into the second. In each case the eye is caught
unawares and while each illusion persists until another picture

is brought into place, for a moment we are blind to the second

one while the first one remains. Motion pictures are projected

at the rate of sixteen per second, which is the speed found

necessary for the most perfect illusion.

If motion pictures are projected at the rate of sixteen per

second, it is obvious that the scanning disc at the broadcasting

station must make sixteen revolutions if the illusion of motion

is to be preserved. That means that sixteen times a second the

object at the transmitter has been completely illuminated and

that sixteen separate pictures are recreated at the receiver. But

how are these pictures recreated ? How can these light flashes

of a neon lamp be assembled into a human likeness?

From what has preceded, we know that when the observer

at the receiver sees such a flash, that each flash persists, and

that during the course of one revolution of the scanning wheel

at the receiver, the observer sees, in one instant, the equivalent

of all the light variations that are picked up by the photo

electric cells at the transmitter. Wealso know that these light

flashes are in exact step with the scanning bam at the distant

broadcaster. In this way, the eyes of the observer at the re

ceiver drinks in all the impressions at practically the same

instant they all come together, properly arranged and posi

tioned, so that the image of the distant face appears as an
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illusion at the point indicated in the diagram. If the scanning
disc was traveling too slowly, and one picture was permitted to

melt out in the vision before the next one came into place, we
would have the same effect that is produced on a motion

picture screen when the projector slows down. The picture

would become "jumpy" and the moving object would skip

from one point to another at high speed.

Inasmuch as sound-laden and light-laden radio waves travel

at exactly the same speed, words uttered by the performer at

the transmitter will arrive at the receiver perfectly synchro
nized with any lip movement that may be made. When we
refer to light-laden waves, we do so advisedly, for these light

impulses are really converted to sound impulses in the trans

mission, and any ordinary loudspeaker could be used to "hear"

the picture signal.

Although three independent transmitters, one for light, one

for synchronization, and one for sound are shown in the dia

gram that we have just been discussing, it is possible to have

television using only one transmitter; a transmitter for light.

The synchronization could be brought about by manually-

operated controls, and in the future it will be possible to impress
both sound and light upon a single broadcast wave. What we
shall probably need in the future is a duplex receiver, incor

porated in one box, and responsive to both light and sound

impulses.

In an attempt to enlarge television reproductions to a point

where they could be viewed by a large audience, the engineers

of the Bell Telephone Laboratories have evolved a most in

genious mechanism for use at the receiver. In this device

there is employed a large neon tube having attached to it 2500

independent electrodes. These electrodes take the form of

small pieces of tinfoil attached to the outside of the tube, the
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discharge being due to capacity effects. Inside this tube there

is placed one electrode taking the form of wire, arranged spir

ally. The tube itself is arranged in the manner shown in the

drawing on page 27.

Each tin foil segment in this gigantic neon tube has at

tached to it a wire. This wire runs to a contact on the com

mutator device, the arm of the commutator running in syn

chronization with the scanning disc at the distant transmitter.

In all, 2500 wires are attached to the commutator. When the

contact arm of the commutator device makes a connection with

any individual wire, there will appear in the corresponding

section of the neon tube a glow, the intensity of this glow being

regulated by the particular portion of the object being scanned

at the transmitter. This commutator device revolves with a

speed sufficient to create the picture illusion as it sweeps over

the 2500 contacts during the course of a single revolution.

While the grain of the picture so reproduced is not especially

fine, being made up of only 2500 units, marvelous results have

been obtained and faces have been reproduced that are easily

recognizable. Eighteen times each second the commutator arm

energizes 50 segments across each row of the neon tube elec

trodes. Inasmuch as there are 2500 segments energized eigh

teen times each second, it is obvious that this device produces

45,000 light images each second. Naturally, this equipment

does not lend itself for home experimentation, owing to the

great expense involved in its construction. (See Fig. 2.)

Prof. Max Diekmann, a German experimenter residing in

Munich, has developed a most ingenious method of producing

the picture illusion at the receiver. Prof. Diekmann's trans

mitter apparatus, while novel in many respects, is more or less

conventional in its pattern and consequently we shall not go

into the details of this particular portion of his equipment.
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In place of using a neon tube at the receiver, this experimenter

employs a specially constructed cathode ray tube. It will be

recalled that a cathode ray is a pure electronic discharge taking

place in a highly evacuated tube. Weshall gain a better under-

B TIMES EACH SECOND,ARM ENERGIES
SO SEGMENTSACROSS ONI ROW
2500 SEGMENTSEXCITED 18 TIMES EACH

SECOND GIVES 45.OOO LIGHT
IMAGE* PER. SECOND.

5000 ~

^50 CONVOLUTIONSOF
GAS FILLED TUBE

POTENTIAL SUFFICIENT TO
NEON GAS TO GLOW

E* SIGNALS X.
.^ PHOTO-ELECTRIC ^
CELLS AT SENDER-

FIG. 2. Showing the method used in impressing impulses upon a great
neon tube provided with 2500 electrodes and a revolving contactor which

properly distributes the light changes to the electrodes in such a way as to

create the picture illusion. (Courtesy "Radio News.")

standing of the cathode ray by reference to Fig. 3. Here there

is shown the physical arrangements involved in the creation of

this pure electronic discharge. The diagram, however, shows

only the details of the circuit, the glass container not being in

dicated. "F" represents the filament. This is heated to in

candescence by a 6-volt battery. Between the filament and the

metal tube "A" there is placed a high-potential battery of 300
volts. Those of us who recall the operation of the radio

vacuum tube, understand that it depends for its operation upon
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the release of electrons from the filament, these electrons being

boiled out so to speak. Precisely the same thing happens in

any heated filament, vacuum tube filaments differing from or

dinary incandescent bulbs only in that they are coated with

compounds that increase the release of electrons.

When the filament "F" in the cathode ray tube becomes

incandescent, it gives rise to a source of electrons which, due

FIG. 3. Schematic layout of the necessary components of a cathode ray
tube used to make visible oscillating currents. The electron stream created

by the hot filament F is forced out of its normal path by charges on the plates
Px and by currents in the coils Ci and C2 . The electron stream produces
a visible effect on the screen T. This principle has been applied to the repro
duction of television pictures.

to the positive charge on the metal tube "A", are projected

forward in a thin stream or pencil, the electrons moving at a

high rate of speed. Upon striking the target "T" a bright spot

is produced. This phosphorescence is caused by coating the

surface "T" with a chemical compound that glows under the

action of the impinging electrons.

Soon after cathode rays were discovered it was found that

they could be influenced by electrostatic or electromagnetic

fields. PX, PX are metallic plates sealed in the cathode ray

tube so as to form a small condenser between which the elec-
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tronic stream passes. When these plates are charged, the stream

is deflected from its normal course, the amount of deflection

being proportional to the intensity of the charge. Ci and C2

are small coils placed on the outside of the tube. Current pass

ing through these coils produces a magnetic field which is also

able to exert influence upon the electronic stream bending it

out of its normal position to a degree depending upon the

strength of the current passing through the coils.

Inasmuch as the stream of electrons has practically no iner

tia when considered from the standpoint of a material body, it

is obvious that it can be moved at a high rate of speed by chang

ing the electrostatic and electromagnetic controlling forces.

So rapidly can this beam be moved that the eye is unable to

follow it. From what has been said it is clear that if we could

change the intensity of this beam as well as its motion that it

would be possible to cause television picture illusions by its

use. This is precisely what Prof. Dieckmann has accomplished.

If we will refer to Fig. 4 we will obtain a very clear notion

as to the way in which the cathode ray television receiver func

tions. The Brauns, or cathode ray, tube is shown at the lower

left of the diagram. The control signals picked up by the aerial

are carried to two sets of condenser plates, Ci and C2 and C3
and 04. These plates are placed at right angles across the

cathode ray stream in tube "B". These signals are derived

from the shunt circuit placed across the output of the first

amplifier "V" through the second amplifier "Vi" and the trans

former "T".

The picture impulse signals are made to pass through am

plifiers V2 and V3 to the grid "G" of the Brauns tube and here

serve to control the intensity of the moving spot on the fluores

cent screen or tangent at the end of the tube.

In the cathode ray television apparatus developed by Prof.



A. B. C. OF TELEVISION

Campbell Swinton the rays at the transmitting end are used in

conjunction with the so-called Hallwachs photoelectric effect

which accounts for the loss of electrons from bodies exposed to

radiations. These bodies become positively charged under the

influence of a light ray. A number of small rubidium cubes

FLUORESCENT
VIEWING SCREEN

FIG. 4. Diagram of a television receiver employing the cathode ray
tube. The picture, which is formed by the controlling of a pure electron

stream, appears on the fluorescent screen at the end of the cathode ray tube.

A standard vacuum tube radio receiver is used to tune in the picture-laden
waves.

are used to make up a screen onto the face of which light from

the image to be transmitted is thrown. The cathode ray under

the control of two pairs of condenser plates fed with properly

regulated current is caused to slip regularly over the back of
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the screen. These rubidium cubes under the combined influence

of the light rays from the image and the rapidly moving stream

of cathode rays create picture impulses corresponding to the

various light and shade effects. These impulses are carried to

a special vacuum tube amplifier from which they are either

transmitted to a line or caused to modulate a carrier wave.

The receiving end of the Swinton system employs the

cathode ray from a second Brauns tube, the electron stream

of which is controlled by alternating current of precisely the

same frequency as that used at the transmitter. Thus the ray

at the receiver is caused to traverse the fluorescent viewing

screen in exact step with the scanning beam at the transmitter.

The receiving screen is therefore rendered luminous to the same

degree of intensity and at frequencies corresponding to the tone

effects of the transmitted object or picture.

Belin, the French experimenter, working in collaboration

with M. Holweck, has devised a television transmitter and

receiver which involves several admirable features. In place

of using the conventional scanning disc at the transmitter, the

scanning beam of light, after passing through a tiny aperture

in a metal plate, falls upon two tiny mirrors oscillated mechani

cally by cranks and rods. One mirror is oscillated at two

hundred times a second, the other at ten. Point by point the

object is illuminated and reflected from a large concave mirror

mounted at the end of a metal cylinder. At the focal point of

this concave mirror there is arranged a sensitive photoelectric

cell which, naturally, takes a central position in the drum. This

cell is arranged at the end of a rod, a conventional vacuum tube

amplifier magnifies the current generated by the cell.

Holweck, who has concentrated his efforts on the receiving

components of the Belin system, employed a cathode ray to

produce the necessary illumination at the receiving end. The
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motion of this cathode ray is controlled by varying magnetic

fields created by the received picture impulses.

Unlike the cathode ray tube of Professor Dieckmann, which

is enclosed in glass, Holweck produces his cathode ray in a

metal tube kept at a fraction of a thousandth of an atmosphere

by a specially designed vacuum pump. So tightly is the tube

sealed that when the pump establishes a high vacuum, it can

be stopped and the vacuum will remain for several hours with

out seriously decreasing the flow of electrons which is main

tained by a potential of 1,000 volts.

When the image first appears on the fluorescent screen of

the receiver, there is evident a difference in phase between the

mirrors and the cathode ray. This is corrected by adjusting

the corresponding alternating currents energizing the magnets.

One of the outstanding features of this system, and a devel

opment due to the ingenuity of Holweck, is that increasing

luminosity on the screen is brought about by a negative differ

ence in potential of only 5 volts between the grid and the fila

ment. As a matter of fact, a negative difference of potential

of 5 volts is sufficient to arrest entirely the flow of electrons.

This is perhaps one of the most sensitive controls that has as

yet been devised. Any system operating with neon tubes re

quires a potential difference of 100 volts.

The imaginative, and at times speculative, John L. Baird,

whose experiments in television have caused quite a stir in

England, proposes a television system operating by the aid of

infra red rays or "black light." Infra red rays are the rays

of light between red and the heat-ray portion of the spectrum.

These rays do not affect the optic nerve, but are readily de

tected by several well-known means. Specially constructed

photoelectric cells that will give a response when struck with

such rays are proposed. If the photoelectric cell can "see" by



FIG. 4A. Photograph of President Coolidge transmitted by the Ranger
telephotographic apparatus. Although lacking in detail, the general effect
is quite pleasing.

33
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the aid of these rays, the startling possibilities of producing a

television receiver that will operate in total darkness is evi

dent. Thus in place of the powerful scanning beams that are

now used in television instruments, the performers might
take their place before a photoelectric cell in a room illumi

nated only with infra red rays.

The power of light to penetrate fog has been found to

vary, roughly, as the 4th power of the wavelength; the shorter

waves being more readily absorbed than the longer waves.

Light such as that given by a neon tube is found to have a

penetrating power sixteen times greater than that of blue light.

Infra red rays, which are still longer, have a penetrating power
20 times that of blue light. It is due to the high penetrat

ing power of red light that European airdromes are now using

neon tube beacons to assist aviators during fog. The impor
tance of these rays for marine purposes has also been recog

nized.

Mr. Baird believes that his Noctovisor, as he calls it, will

some day have important use in warfare. He visualizes a

powerful searchlight with an especially penetrating beam so

constructed that only the infra red rays will be allowed to pass.

The rays from this powerful light could be used to illuminate

the enemy's position with the enemy being completely unaware

of the fact. The light reflected would be picked up behind the

lines, carried to' a photoelectric cell, and amplified, the result

ing images being visible at a neon tube operating behind a

conventional scanning disc. In such an apparatus the trans

mitter and receiver would be combined, the transmitting -and

receiving scanning discs operating in perfect synchronization

by being mounted on the same shaft.

There is still another amusing possibility that has been sug

gested by Mr. Baird. From what has gone on before, we know
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that television picture impulses are amplified in exactly the same

way as ordinary radio signals. Consequently, these picture sig

nals, as audible sounds, could be permitted to pass through an

ordinary loudspeaker. If, instead of permitting these signals

to pass through the neon tube or loudspeaker, we should carry

them to an electrical phonograph recording device, a record of

the signals would be produced. The picture would be "canned,"

to use a colloquial term.

By employing what is known as an electrical pick-up similar

to those used on modern electric phonographs, these picture

signals could be reproduced from the record and changed back

into electrical current. If the proper means for reception were

arranged, the picture on the phonograph record could be re

produced. Baird believes that at some future date we shall

have a phonograph that will not only reproduce music and

voice but pictures as well, the picture coming from the record

in place of motion picture film. As a matter of fact, pictures

have already been recorded on phonographic discs. Austin

Cooley, the phototelegraphic expert, has succeeded in recording

and reproducing pictures that have been impressed on wax
records. From the foregoing we can see that the work that has

been done on television so far suggests many new applications

that are not entirely outside the realm of the possible. While

they may appear to be a bit speculative, to trained technical

minds, they at least have more than a vestige of promise in

them.



CHAPTERIII

TELEGRAPHINGPICTURES

An Outline of the Various Successful Methods Employed Today in the

Transmission of Facsimiles and Photographs by Wire and Wireless

Systems Practical Description of Telephotographic Receivers for

Home Use With Practical Instruction Concerning Their Operation.

PHOTOTELEGRAPHYis really not a new art. It was practiced,

in a limited way, as early as 1842. The experiments made by
Bain in that year had to do with the transmission of simple

facsimiles. Although Bain used two synchronized pendulums,

they operated in much the same manner as the apparatus

shown in Figure 5. At the transmitter there is arranged a

cylinder. The cylinder is coated with tin foil and the picture

to be transmitted is drawn on the tin foil with insulating

ink. A small metal finger plays over the cylinder, which is

moved in a direction parallel to its axis through the medium of

a threaded rod.

At the receiver there is a second cylinder covered with a

paper saturated with a chemical preparation such as potassium
iodide (KI). When the electric current passes through this

chemical, the potassium iodide is decomposed and the iodine is

freed, thus leaving a brownish stain on the paper. The two

cylinders rotate in synchronism.

When the finger at the transmitter reaches the insulating

ink, no stain will be produced at the receiving cylinder and,

consequently, when the transmission is finished there will be

37
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created on the paper at the receiver a white spot corresponding
to the spot covered by the insulating ink at the transmitter.

This very crude system of transmitting facsimiles involves

all the basic features of modern phototelegraphic transmis

sion of pictures. Naturally, the system has been greatly im

proved and today it is possible to transmit photographs that

bear extremely close resemblances to the original pictures.

So rapid have the advances been in phototelegraphy that

this system threatens to eventually abolish the necessity of "dot

PAPER SATURATED
INSULATING INK_ WITH SOLUTION OF

POTASSIUM IODIDE (Kl)

lil-

TINFOIL BATTERY

FIG. 5. Diagram of a very simple picture transmitter similar to the first

one employed by Bain in 1842. The picture to be transmitted is first drawn
with insulating ink upon a metal cylinder. A contact riding over this cylinder
causes the circuit to open every time the contact reaches this ink. This is

recorded at the receiver by the action of a chemical when electrolyzed.

and dash" telegraphy. The large commercial possibilities in

this system will become immediately evident when we under

stand that a full page of a New York newspaper, containing

several thousand words, may now be sent across the Atlantic

Ocean in a comparatively short space of time. To send the

same number of words by "dot and dash" telegraphy would

require a much longer interval ;
for even with high speed auto

matic transmission, 150 words per minute represents the maxi

mumspeed obtainable. Today there is operating between Ber

lin and Vienna a phototelegraphic system which is able to

transmit photographically 500 words in less than one minute.

This does not argue well for the future of hand-manipulated

telegraphy, nor does it seem to increase the security for the



The complete high-speed distributor with its

2500 contacts and connecting wires leading to the

tiny tinfoil electrodes of the special neon tube.

The revolving contact arm is also driven by two
motors to insure accurate synchronism. (Photo
Courtesy Bell Telephone Laboratories, Inc.)

The transmitter of the Ranger system. As in all other photo-telegraphic
systems, the picture is progressively explored with a fine pencil of light.





TELEGRAPHINGPICTURES 39

world-wide cable systems that have been built up during the

past fifty years.

As stated before, practically all of our phototelegraphic

systems are based on the simple principles laid down by Bain.

GRID CIRCUIT OF
OSCILLATOR

L.T-2 t.T.1 G.B-1

FIG. 6. Showing the arrangement of the essential parts of the Karolus

picture transmitter. The photoelectric cell is shown mounted adjacent to

the picture on the revolving cylinder.

Improvements have come through the use of the photoelectric

cell and through the employment of sensitive light-controlling

means at the receiver. Perhaps one of the most highly per

fected phototelegraphic systems is that developed by the Tele-

funken Company of Germany, known as the Siemens-Karolus

Telefunken system. Unlike many other phototelegraphic de

vices, the photograph being transmitted requires no special

preparation, such for instance, as that used by Belin in pre-
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paring swelled gelatin prints of the photograph to be used.

In the Siemens-Karolus apparatus, the photograph is simply

wound around a transmitting cylinder which moves in the

manner of the cylinder shown in Figure 5. In Figures 6 and

7, the simplified details of the Siemens-Karolus system are

shown. A powerful source of light passes through a series of

lenses and prisms, striking the cylinder as an extremely small

point. This beam of light, through the progressive mo
tion of the cylinder, is caused to explore or scan every de

tail. When light strikes an object, reflection takes place which

is proportional to the condition of the surface and the color of

the object. A photograph is made up of shades running all

the way from very bright whiteness to dull black. When the

beam of light strikes a white portion of the photograph, a

great deal of light will be reflected. On the other hand, when
it strikes a dark or shaded portion of the photograph, a rela

tively small amount of light will be reflected.

In the Siemens-Karolus system there is mounted adjacent

to this beam of light a photoelectric cell, so positioned that

the light reflected from the photograph strikes the cell. From
what has been said previously concerning the action of photo
electric cells, it will be clear that the cell will respond to these

varying light streams with current variations. These current

variations are picked up and amplified by two vacuum tubes,

the output of which is carried to a wire or radio transmitter.

The transmitter of the Siemens-Karolus system is very

similar to transmitters employed by other investigators. It

is in the receiver of this system (Fig. 7), that admirable in

genuity has been displayed. As a matter of fact, a large pro

portion of the merit of the whole system lies in the control

ling of the light beam that strikes the receiving cylinder. The

receiving cylinder is first wrapped with a piece of photographic
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paper. Picture impulses received, either by wire or wireless,

are picked up and amplified through a series of vacuum tubes.

The output of these tubes pass through what is known as a

Kerr cell, and it is through this device that the local source

of light, having its origin in the small arc, is controlled in

accordance with the varying impulses created at the transmit-

FIG. 7. The essentials of the Karolus picture receiving system. The
Kerr cell, which automatically regulates the intensity of the light beam to

correspond with the fluctuations at the transmitter, is shown connected to

the output of the vacuum tube amplifier. The cylinder carries the photo
sensitive paper upon which the picture is to be placed. . x% / Q*

1 3 i
3

ter. The Kerr cell is made up by arranging two small elec

trodes in a glass vessel containing carbon disulphide. The

refraction index of carbon disulphide is changed when the

current passes the liquid. In the Kerr cell, an extremely small

condenser is formed by the two plates with carbon disulphide

or nitrobenzine used as the dis-electric substance.

The two condenser plates are set in such a manner that

light from the arc light passes between. The pencil of light
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is linearly polarized by nicol prisms, and the effect of applying
a varying potential across the cell is to rotate the plane of

polarization. To carry this explanation further, let us assume

that a source of light may be turned through the nicol prisms,

properly arranged at either end of a small brass tube. Light
can succeed in getting through these prisms only when one

prism is rotated at a particular angular relationship with re

gard to the other. If the Kerr cell is interposed between the

two prisms and the potential applied across its plates, light will

pass through the prism-cell to the prism after one of the

prisms is rotated to take up a certain angular position with

relation to the other. If the potential is removed from the

cell, the prisms appear to become opaque to light, unless one is

slightly readjusted by rotating. Thus in this way the Kerr

cell, which is interposed in a polarizing position, performs

the function of an electrically operated shutter and, depending

upon the adjustment of the nicol prisms, can be made to pass

from obscurity to light when the potential is applied across the

plates. The strength of the beam passing through the Kerr

cell can not only be turned "on" and "off" through applying

potential, but its intensity can be regulated perfectly all the

way between total brightness and utter darkness. Inasmuch

as this potential applied to the plates is constantly changing

due to the varying currents created by the photoelectric cell

at the transmitter, the beam striking the sensitized paper at

the receiver is caused to recreate any photograph that may be

revolving on the distant drum.

Many inventors of phototelegraphic systems have relied

for light changes at the receiver upon rapidly vibrating mir

rors. Naturally, vibrating mirrors are troubled with inertia,

and any system requiring for its operation a vibrating body,

is limited in speed. The Kerr cell, on the other hand, has no
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measurable inertia and its response to the varying potential is

practically instantaneous.

As in systems of television, the matter of synchronized

phototelegraphy is a problem that has persistently tried the in

genuity of workers in this field. In the Siemens-Karolus sys

tem almost perfect synchronization is obtained solely by the

aid of tuning forks fitted to the transmitter and receiver. Tun

ing forks are maintained in vibration through the medium of

oscillating vacuum tubes, the action being that the potential

set up by the prong of a vibrating tuning fork, moving in a

magnetic field near a coil of wire, is applied to the grid of the

vacuum tube, while another coil is energized by the fluctuating

plate current. This, perforce, is maintained in constant mo
tion. Through the medium of a variable condenser connected

across either of these coils, the frequency of the circuit may
be modified.

In any picture transmission system, means must be pro

vided to avoid the joint formed when the photographic print

and the sensitized paper are placed on the receiving and trans

mitting cylinders. Otherwise, the picture may be recreated on

the sensitized paper with a joint running through the center.

In the system being discussed, the correct position is indicated

by sending automatically from the transmitter what is called

a "phasing signal." This is transmitted prior to the scanning

of the picture. A tiny neon lamp rotates on the cylinder at

the receiver and flashes with each "phasing signal." Conse

quently it is only necessary to momentarily arrest the motion

of the cylinder so that the flashes cause a fixed mark. As a

matter of fact, this neon lamp, in addition to accommodating
the "phasing signal" also checks synchronization, for should

the glow move a little from one side to the other, the tuning
fork will need slight adjustment by means of the variable con-
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denser. So perfectly does this system function, that in actual

operation it is found necessary to make adjustments on the

variable condenser on an average of once a day. In use, the

Siemens-Karolus system can handle pictures measuring 10 by
10 centimeters in one-quarter of a minute. Naturally, larger

pictures require greater time, an 18 by 26 centimeter picture

requiring from two to four minutes.

The Cooley Rayfoto system, developed by Austin G. Coo-

ley, lends itself well to amateur experimentation, owing to the

simplicity and inexpensiveness of the apparatus used.

The Cooley transmitter, which may be employed on any

broadcaster of standard wavelength, is also a comparatively

simple device, which may be successfully manipulated by sta

tion operators. Figure 8 depicts a rough approximation of

the apparatus involved. Light from a source (L) is inter

rupted by a perforated disc driven at a critical speed by a small

motor. The light is bent by a prism and converted into a tiny

spot on the picture by a small lens. From the picture the

light is reflected to a photoelectric cell connected to a special

amplifier, the output of which is fitted to the modulating tubes

of the broadcast transmitter. The positive print of the picture

to be transmitted is wrapped around a cylinder which, through

the medium of a threaded rod, advances one i/8oth of an

inch every revolution. Each line of the picture is broken up
into 480 sections. 48,000 electrical impulses are transmitted

for every 100 revolutions of the drum which revolves ap

proximately 100 revolutions per minute, covering i l
/\. inch

of the picture per minute at this speed. The drum measures 2

inches in diameter and is 5 inches long, accommodating a 5

by 6 inch picture.

The Cooley system employs what is known as the "start-

stop" method of producing synchronization between the re-
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ceiving and transmitting drums which are identical in physical

dimensions. The beginning of each revolution of the trans

mitting drum or cylinder is marked by an impulse of twenty

strong 800 cycle signals. This synchronizing impulse is em

ployed at the receiver to start the recording drum off at exactly

the same time as the transmitting drum. The signal is

duplicated at the beginning of every revolution and thus

corrects any difference in speed that may have de

veloped during any particular revolution of the re

ceiving drum. In this system it is necessary to have the re

corder drum at the receiver run slightly faster than the

transmitting cylinder. A trip magnet, operated by the syn

chronizing signal, releases the receiving cylinder at the proper

moment.

This trip magnet which controls the motion of the receiv

ing signal and which is pointed out in the photograph of the

apparatus is operated through a relay which is connected to the

recording system only after the revolution of the recording

cylinder has been completed. By pasting a strip of white paper
at the end of the picture being transmitted, the signals will

be weak at this point while the recorder drum is stopped. In

the event of a crash of static being received during this wait

ing period, the recorder drum will be released in advance of

the synchronizing signal. In making this recorder lap very

small, the danger of a static slip would be reduced proportion

ately. This is to take care of the emergency that might be

created during reception at a time when static was very strong.

Figure 9 illustrates the apparatus used in the receiver and

the method employed in hooking it up. In his receiver, Cooley

employs a corona discharge which is a high-voltage discharge

produced by an oscillating vacuum tube through the medium
of a Tesla coil. The incoming drum impulses are used to
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modulate this oscillating circuit so that the intensity of the

corona discharge will be regulated according to the strength of

the picture signals. The high-voltage discharge occurs at

the point of a needle which operates over the sensitized paper

on the receiving drum. The actinic value of the light produced

by the corona discharge at the needle point is quite high,

which permits rapid movement of the drum at the same time

giving intense exposures. In the diagram Figs. 9 and 10,

(C) is an actuating relay, controlled by the picture impulses;

(L) is a variable resistance; (R) is a milli-ammeter reading up
to 25 milliamperes ; (Z) a battery switch; (F) a variable con

denser; (M) a filament rheostat; (I-i and 1-2) small fixed

condensers; (N) an automatic filament rheostat; (Gi and

G2) vacuum tube sockets; (K) a grid resistance; (J) a fixed

grid condenser; (E) a radio- frequency choke; (P) a push

button, and (H) a fixed condenser.

All of the apparatus employed in this picture signal con

verter is standard with the exception of the modulation trans

former (B) and the corona discharge coil (A). The diagram,

Figure 10, shows the connections to the Cooley Rayfoto trans

mitter in the more conventional fashion. A study of the ap

paratus involved and its electrical relationship will reveal that

the oscillating circuit is of the Hartley type, the incoming

picture signals which are first amplified by an ordinary broad

cast receiver being used to modulate the Hartley circuit.

Just as in the case of ordinary radio reception, good pic

tures are received with the Rayfoto system only when good
audio apparatus is employed. Picture distortion may result

from poor amplification when transformers are used with

unsuited characteristics. A badly designed audio amplifier

system will blur the details and will cut off many of the de

tails in the lighter shades. Even when good audio apparatus
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