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FRENCH HUMOR

Food for Thought
~OLONEL PASTORELLI, who he-
(} came illnstrious during the lalian-

| Twkish War, belonged to the guard of
honor, For this reason he wore an cagle

in his cap.

One day he had 2 violent altercation
with a coloncl of the infantry about 2
plan which the former was claborating.

“The cagle which you wear on your head
has caten your brain,” exclaimed the ex-
asperated cotonel of the infantry.

Then, Colonel Pastorclli answered very
cahinly:

“That's lucky for him If the cagle were
on your head, he would have starved 10
death.”

o
Nothing to Worry -About
NE day a learned doctor told his pa-
tient that he had to submit to a very
serious operation.

“is it dangerous?” inquired the patient.

"Not for the patient, as w¢ pa him to
sleep. But it is a very painful operation for
the doctor.”

“How's that?”

"\We suffer from anxiety.
succceds only once out of u

Just think! It
hundred times.”

THE BIG SHOT

yere

—J'ai wne wn lidvre!
—F1 tu ne Uas pas té?
— 11 était trop petit.
—Pour le tucr?

—Non pour le toucher!

] saw a hare?”

“And you didn't Kkill it [ad
)y was too smatl”

“To kill it 7"

“No, to hit itl”

7

&% THE ONLY OBJECTION &

It le mariage? Vous aimez le guariny(?
—Bien siir, joime le mariage, mais cest le mari qui me géne.

»And what do you think of narriage? Do you fike it?”
“Of course, I think it's great! But it's the husband that annoys me.”

When Modesty is Great

HE great. Italian composer, Verdi, was

extremely modest. He hated the indis-
greet, and fled precipitously from those who
Wished to interview him.

One day a reporter asked him what were
the most hmportant Lappenings in his life.

Verdi thought it over for a moment, and
then answered gently:

“The most notorious cvent in my life was
my birth, in 1813. Since then nothing has
happened which deserves 10 be called im-
portant.”

ISN'T IT THE Lt IT?

—Qu'est-cc que cest que ¢

portrait cc

oL femme-la?
—Clest unr femme que J'ai connue autrefois.
Bravery —Alors, c’cst ga, 1 me trompais dija avonl

de me conaitrel
HE old maid—"0Ohl That was a won- o conat

Tdcrf\ll charity bazaar we had, and 1
had such a good time. Can you imagine, the
Mayor gave me five doliars for one kiss!”

The young maid—"The Mayor is a very
courageous maf. He does everything for
charity.”

“What's this woman's picture doing here?”
“That's a girl I used to khow.”

“So, that's it! You were untruc to me even

before you met m¢ e
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TELEVISION
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If you want to get into the
Radio Profession, or if you're
in it and want to get ahead —

READ THIS ANNOUNCEMENT!

Ilere's a message of importance tg every man who lopes
to better himself along the lines of Radio, Never before
has there been a Radio training course that could be made
to fit the needs of all—both cxperienced men who wish to
better thetselves and inexperienced men who wish to start
from the beginning. There is one now, 1 am prepared
to help the beginner start in Radio from the very beginuing,
And I am prepared to help the Radin dealer, the experienced
Radio operator, the Radio service man, the college cn-
wineering student, the graduate eugincer, the Radio fau,
the *“ham,” the factory or broadcast man who wants to
set a more responsible job.

An old, established system of Radio home-study training
has now been developed, improved, tested, and enlarged in
scope so that now it not only will help anyone who wants to get into the Radio
profession, but more, can be adapted to help almost any man now engaged in Radio
{Radio engincers of experience and standing excepted).

ff you waut to get into Radio, or if yvou're already in it and want to add to your
knowledge and get ahead, let me send you my free 64-page book of information
about this new and greater Ranlio training system.

The Good Jobs Pay $50, $75, Up To
$200 a Week—Some Pay More

If you're earning a penny less than $50 a week, you're not carning what you
should be able to get out of Radio. Thoroughly-trained Radio mer—men whosc
knowledge of Radio is practical and completely rounded out on every puint—
carn up to $200 and $250 a week. Radio is a new industry with plenty v fine
positions unfilled. There are countless opportunities in Radio for a man to carn
o splendid salary. But thiese are not opportunities as far as vou are concerncd,
unless vou are fully qualified for them. The only way to qualify is through knowl-
edge—training— practical, com plete training that fits you to get and to hold a better
position in the Radio field.

For the beginuer, [ have a complete training that will take hiw from begiming
to end. To the Radio dealer 1'1) give the technical and practical knowledge he hus
1o have. I will round out and bring up to date the expesienced Radio operator’s
knowledge. 1 can take a Radio service man who has a pretty good idea of the
“how' but very little idea of the "why,” and give hitn the practical and theoratical
knowledge Iie must have before lie can hope to climb higher on the Radio ladder.
I can take the college enginecring student, or the graduate engineer, who wishes
to specialize in Radin, and give him what lie needs.

\Wha: other line offers such an opportunity as Radio? From $2,000,000 « year
in 1920 to $300,000,000 a year in 1926; from 1,000 persens engaged in Racio iu
1920 to 300,000 in 1926, That's its record. The accomplishment of television
and the many other inventions constantly being made promise the same sort of
hoom for the future.

if vou're alrcady in the Radio business. stay in it. But prepare yourself for
advancement and more money. If you're wol in Radio yet. et in. Mcen adways
Jdo their best at work that intcrests them.

Send Coupon For Free 64-Page Book

My free 64-page book is filled with facts and photos relative to Radio and its
apportunities, and tells all about my new and greater system of Radio training.
'nder my practical methods, you can study at home in your spare minutes, and
wet a thorough, clear, practical and expert knowledge of Radio in from 4 to 12
months, - The time required depends on your previous knowledge, your ability, anl
the time vou can spare for study. You keep right on with the job you have—no
necessity for vour leaving home or living on expensc.

This proposition iz open to anybody who is not satisfied with his job, his prospect 5,
or his Radio knowledge. Rezardlese of how nuch you know already (or if you
don't know the first thing about Radio technically) T'1! fit my methods to suit
vour needs. No particular anwount of general education is needed to start—mairy
men I've trained didn't even finish the grade schools.

Tf you want to enter into any correspondence ahout yotr own situation, anything
vou write will come directly to me and will be held strictly confidential,  Send the
coupon at the rizht, or write me a letter today.

Address: J. E. SMITH, President
NATIONAL RADIO INSTITUTE

““Oldest and Largest Radio Home-Study School in the World”’

WASHINGTON, D. C.

Employment Service to all Graduates
Originators of Radiio Home Study Training|

\\\\\\\\\\\\\\\\\\\\\\\\\\\
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THE BEGINNING OF RADIO, 1898-1902

Beivw is the historical Mare-oui apparatns. These “jiggers™ are tianse
mitters and receivers, used by Murconi in liis first Radio experiments,

RADIO TELEVISION
FIRST DEMONSTRATION, 1927

Below, television apparatus in operation—perhaps the be
BUDIINOUS PrOGIess mide by Radio during the past 25
only can transmit any sound by Radio, we have learned to S

indication of the
Now we not
»y Radioaswell,

Mail this Coupaon
or free informatio

PSP e m G m, . cae e~ ————— -

J. E. SMITH, President,’
National Radio Institute,
Dept. KG-9,Washington, D. C.
Dear Mr. Smith:  Kiudly send me your free 64-page book about your

new and greater Radio training system, I understand this request places
me under no obligation, and that no salesman will call on me.
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Tri&cks
Puzzles

S AM LOYD is the Puzzle King,
The best of them all. We're
willing to wager he can “stick”
you.

Here's a new book of one hundred
and sixteen pages crowded to the
full with hundreds of the very
choicest of Sam Loyd’s own puz-
zles, tricks and conundrums.
There are easy puzzles, hard
puzzles, full page puzzles, illustrat-
ed puzzles, riddles, conundrums,
charades, rebuses, and a 26-page
special section of scientific puzzlers
for mechanics, engineers and scien-
tific minds.

It beats most puzzle books by many
miles. Get your copy as soon as
possible—Why not today?

50c— AT ALL
NEWSSTANDS
or order direct

EXPERIMENTER PUB, CO., Inec.
230 Fifth Ave., New York

(Pal}nistzy )

A Revelation of
Character, For-
tune and Natural
Span of Life

FINGERPRINTS are used
taroughout the world as a
means of apprehending criminals—
but fingerprints are but a small
portian of the secrets of your char-
acter that your fingers, your palm,
even your handshake reveals.
Every inch of your hand has been
charted by the experts of this
highly developed science, and so
simply and accurately that anyone
can learn the telltale signs by
heart.
Here is a brand new book with all
the latest information—written in
such a way that you can quickly
master “Palmistry.”

Price

The SEERET‘S ; 5 OC
YOUR HANDS B

RN o
Y LN TR

- -

9x12
inches

- am-

i

SOLD EVERYWHERE
or direct from

EXPERIMENTER PUB. CO., Inc.
230 Fifth Ave., New York

The Greatest Liv-
ing Magician of
the Day discloses
his choicest
tricks---
hundreds of them

POPULAR
MAGIC

Second Edition

-

EVERYBODY'S buying this book.

The first time “Dunninger” has
revealed his tremendous store of
marvelous parlor and professional
tricks and magic in one volume,
Second big edition of 100 pages,
crammed full of mystery. Illus-
trated—Ilarge size 9 x 12 inches,
They are going faster and faster,
Orders are pouring in. We be-
lieve there never was a magic book
like this. It may never be reprint-
ed—so order now. Delivery with-
in 24 hours,

THERE’'S NOVELTIES—FUN-—-MYS-
TERY IN “POPULAR MAGIC”’

Only 50c

If your dealer cannot supply
you, order direct

EXPERIMENTER PUB. CO, Inec.
230 Fifth Ave., New York
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Including
Experiments

H. Winfield Secor

Managing Editor
and

Joseph H. Kraus

Field Editor

of

“cience and
Invention

The Most Complete and Historically Accurate Work
on the subject of television, giving the step by
step developments and including information ena-
bling anyone to build his own television apparatus

COPYRIGHT 1927 BY

EXPERIMENTER PUBLISHING COMPANY, Inc.

230 FIFTH AVE., NEW YORK CITY
Printed in the United States of America

All rights reserved, including that of translation into foreign languages, including the Scandinavian.
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Way

to get into ELECTRICITY

Don’t spend your life waiting for $5 raises in a dull, hopeless job, Now
. . . and forever . . . say good-bye to 25 and 35 dollars a week. Let
me show you how to qualify for jobs leading to salaries of $50, $60
and up, a week, in Electricity —NOT by correspondence, but by an
amazing way to teach, that makes you an electrical expert in 90 days!
Getting into Electricity is far easier than you imagine!

Learn Without Lessons i QQuas

ACK of experience—age,
oreducation bars no one.
I don’t careif you don’t
know an armature from an
air brake— I don’t expect
you to! I don't care if you're
16 years old or 48—it makes
no difference! Don't let lack
of money stop you. Most of
the men at Coyne have no
more money than you have.
That's why I have worked
out my astonishing offers.

Railroad Fare
Allowed

I will allow your railroad
fare to Chicago, and if you
should need part-time work
I'Ml assist you to it. Then, in
12 brief weeks, in the great
roaring shops of Coyne, I
train you as you never
dreamed you could be trained
.. .on the greatest outlay of
clectrical apparatus ever as-
sembled ... costing llundreds
of thousands of dollars ...

real dynamos, engines, power plants,
transmitting
stations . . . everything from door-
bells to farm power and lighting . . .
full-sized . . . in full operation every

autos, switchboards,

day!

No Books—No Printed

Lessons

No dull books, no bafiling charts

COYN

500 S. Paulina St., Chicago

Prepare For Jobs
Like These

Tere are a fow of hundreds
of positions open to Coyne-
trained men. Our free em-
{)loyment bureau gives you
ifetime employment service.
Armature Expert

$100 & Week
Substation Operator

65 a Wuek
Awto Fleetrician $110 & Week
Inventor =~ -  Unlimited

Muintenanee Engineer
$150 a Week

Service Station Owner
$200 a Week
Radlo Fxpert - $100 & Week

Now In QGur
New Home

This is our new, fireproof,
modern home wherein is
installed thougsands ofdol-

arg, worth of the newest
und most znodcr:t E}ccﬁ

r nipment of al
kinds. “?e now bave the .
largest amount af floor G
apace devoted to the ex-
clusive teaching of prac-
tical electricity in the
world. Every comfort an
ronvenience has teen ar-
ranged to make you happy
mndcontented during your
training.

...all real actual work ...
building real batteries . . .
winding real armatures,
operatingrealmotors,dyna-
mos and generators, wiring
houses, ete., etc. That's a
glimpse of how we make
you a master electrician in
90 days, teaching you far
more thanthe average
ordinary electrician ever
knows and fitting you to
step into jobs leading to
big pay immediately after
graduation. Here, in this
world-famous Parent school
—and nowhere else in the
world—can you get such
training!

Jobs, Pay, Future

Don't worry about 2 job,
Coyne training settles the
job question for life. De-
mand for Coyne men often

ELECTRICAL SCHOOL |

H. C. LEWIS, President, Dept.B7-92a |
1

Established 1899 ]

exceeds the supply. Our employment
bureau gives you lifetime service. Two
weeks after graduation, Clyde F. Hart got
a position as electrician with the Great
Western Railroad at over $100 a week.
That’s not unusual. We can point to many
of Coyne men making up to $600 a month.
$60 a week is only the beginning of your
opportunity. You can go into radio, bat-
tery or automotive electrical business for
yourself and make up to $15,000 a year.

Get the Facts

Coyne is your one great chance to get into elec-
tricity. Every obstacle is removed. This school is 28
years old—Coyne training is tested—proven beyond
2il daubt—endorsed by many large electrical con-
cerns. You can find out evervthing ahsolutely free.
Simply mail the coupon and let me send you the big,
free Coyne book of 150 photographs . . . facts ...
jobs « « . Salaries . . . opportunities. Tells you how
many earn expenses while training and how we assist
our graduates in the field. This does not obligate you.
So act at once, Just mail coupon.

Geft this
FREE
Book

Mr. H. C. Lewis, Pres.

COYNE ELECTRICAL SCHOOL, Dept B7-92a
500 S. Paulina St., Chicago, I,

Dear Mr. Lewls:

Witbout ebligntion gend me your big free catalog and al}
details of Railroad Fare to Chicago, Free Employmens
Service. Radlo and Automotive Courses, and how 1 can
“‘eaen while learning.’* I understand I will not be bothered
by any salesman.
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AGGTOES. . o it eensttaessansssastasasssansauenss oe
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LA
TELEVISION —-A COMPLETE TREATISE

PREFACE

by Hugo Gernsback

Editor RADIO NEWS
and SCIENCE AND INVENTION

MEMBER AMERICAN PHYSICAL SOCIETY
MEMBER AMERICAN ASSOCIATION ADVANCEMENT OF SCIENCE

ishly to invent a means whereby we could see at a distance. Ever since
the advent of the telephone, whereby you could talk to your friend thousands
of miles away, inventors have asked themselves why it should not be possible, as
long as we can hear voices over a distance, to see each other from widely remote points.
Seeing at a distance, whether by wire or by radio—it matters not—is true television.

Since the arrival of radio broadcasting, television has assumed an entirely new
aspect, because every one realizes that the radio is blind, inasmuch as you can only
hear the results of any given broadcast. What the public demands is sight by radio,
that is, an apparatus to be attached to your radio set, whereby it will be possible
for you to see what goes on at the radio station in the studio or elsewhere, whatever
sight is to be broadcast. Thus, in the future, if the President speaks at Washington,
we shall have a television transmitter in Washington also, which will transmit the
visual impulses while the President is speaking. Then the entire country, by listen-
ing to the President, will also be able to see him. The same will be the case when
two prize-fighters meet in the ring; the public will be enabled not only to hear,
but actually see what is going on.

All of this is not a prediction, but may be said to be a fact right now, for already
television, experimentally, is with us. Baird in England, and more recently the
American Telephone & Telegraph Company, in its demonstrations made before
thousands of interested spectators, have shown that visual events can be trans-
mitted, not only by wire, but also by radio. It may be stated that at this moment
radio television is in the same position occupied by radio about ten years ago. Dur-
ing the next few years you may rest assured that you will be able to buy, for little
more money than your present radio set costs, a television attachment, whereby
vou will be able to see what is going on wherever there is a broadcast station to trans-
mit the television impulses.

The day will also probably come when television attachments will be placed upon
every telephone, and whereby it will be possible to see your friend or your business
acquaintance, no matter how far away he is from you. It is significant that the
greatest telephone institution in the world, the American Telephone & Telegraph
Company, has expended a fortune upon television, because, no doubt, it is realized
that a television attachment to the existing telephones will prove a tremendous
source of income when finally perfected.

At the present time, most of the television arrangements necessitate revolving
discs, or other more or less cumbersome moving devices. This is not the final solu-
tion of television. The final device will have no cumbersome moving apparatus,
but will be greatly simplified. This is theoretically possible, and a number of ex-
periments made along these lines point the way to the final completion of this phase.

The publishers of this book have been intensely interested in television for the
past twenty years, and have contributed perhaps more than any other publishing
house to the literature of this new art. Indeed, the writer was probably the first
one to use the word ‘““Television’ in his article entitled “TELEVISION AND THE
TELEPHOT,” which appeared in the December, 1909, issue of “MODERN ELEC-
TRICS, "’ the pioneer radio publication issued by this company, in which a number of
articles on television appeared. It is believed that these were the first articles on the
art of television published in the United States.

Throughout this book a number of reprints of such articles will be found, and it
will be astonishing, even to those who have made a study of television, to note how
many articles on this subject originally appeared in the publishers’ magazines
during the last twenty years, and to further observe that there is not any one par-
ticular invention directly responsible for modern television. The development was
slow and gradual.

In presenting this volume to those interested in the new art, we hope that you
will realize that this is the first extensive work on television that has as yet appeared.
It will probably become the forerunner of many others, once the art gets under way.

I personally have the greatest faith in television and believe that this new art will
far surpass that of radio itself in the immediate future, and, as usual, those who
get in on the ground floor will most likely reap a great harvest.

FOR the last thirty years inventors all over the world have been working fever-

Summer 1927.
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TELEVISION

CHAPTER 1

Television Experiments

OT so many yvears ago experimental
N radio, or wireless, as it was then

called, gained a tremendous hold

cverywhere. But we believe that to-
day we have something not only as interest-
ing as radio in its experimental form, but
samething far more interesting, that is,
experimental television.

The suggestions given in the {ollowing
paragraphs follow closely the television sys-
tem used in the recent successiul demon-
strations by the Bell Telephone Laboratories,
and while there are other methods of carry-
ing on experiments in successful television,
such as that of Mr. Baird, and details of
which appear in another chapter prepared
by Mr. C. A. Oldroyd, well-known Fnglish
engineer, we have paid considerable atten-
tion here to the Bell system, as it 15 for one
thing very simple in its make-up.

Like all stmple machinery, however, we
learn from the experts who developed and
demonstrated this perfected television ap-
paratus that the parts must be carefully

of the shaft should be approximately 1080
revolutions per minutie,

The beauty of this simple set-up oi tele-
vision apparatus lics in the fact that the
experimenter can always have recourse to a
so-to-speak standard model, by means of
wlich he can try out his photo-electric cells,
neon tubes, diaphragms, amplifiers, ete., with-
out having to worry about the fact that the
transmitting disk is probably rotating out o
syachronism with the receiving disk.  ach
of these disks are perforated with 50 small
holes laid out on a spiral, as described fur-
ther on i detail. The mam thing to notg
in all television apparatus s that the holes
in the rotating disks in any system must
be at the same position at any given instant.
As soon as we cut the shalt in hall that
jains the two disks in the apparatus shown
i Ig. 1, and have to provide a means for
synchronously rotating the transmitting and
receiving disks when separated at a distance,
then we have another problem on our hands.
A special chapter on synchronizing means

‘SLIT ONLY OQPENING IN LIGHT TIGHT

BOX. SLIT SIZE OF PICTURE.

6 OR MORE STAGES OF

PHOTO ELECTRIC CELL
DIAPHRAGM :

current, amd in consequience @ distortion or
blur in the reproduced image at the receiv-
ing disk.  The Bell engincers placed the
first three vacuum tubes inside metal tubes,
the audions being packed in mineral wool,
and the metal tubes in turn suspended by
rubber bands.  The number oi stages ot
amplification 1o be used will depend upon the
characteristics of the neon tube behind the
disk at the receiver, and also upon the plate
voltages and the type of tubes cmployed in
the amplifier.  The number of stages re-
quired will also be dependent upon the efhici-
ency  amd electrical characteristics of  the
photo-electric  cell  employed. The Case
thalofide cell is useful for experiments, but
the best is the potassium cell. Yxperiments
may be tried with good quality selenium
cells, but these usually have too much lag
to be usciul for this purpose.  There is a
new Inglish make of selenium cell which
is claimed to have practically no lag, but as
photo-electric cells can be purchased in the
market, and in view of the Tact that they
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The simplest experimental television machine which will help to demon-
strate the principles of transmitting the living image over a wire, is shown
in the picture at Fig. 1 above.

and accurately made.  Usually, mless the
parts are very poorly made, some results
will be obtained, but every effort should be
made to have the various details as accurate
as possible if a fairly clear image is to be
obtained at the receiving end of the tele-
vision line.

The Simple Television Apparatus

The illustration, Fig, 1, shows the sim-
plest television apparatus that we can build
perhaps, and this follows the form of the
apparatus used in the Dell Telephone ILab-
oratories in all the preliminary experiments.
As will be scen, the receiving apparatus at
the left, together with the transmitting ap-
paratus at the right, are connected to the
same common shaft, which in turn is driven
by a belt or otherwise from an ordinary
D. C. or A. C. motor. It does not matter
with this apparatus whether the motor speed
vaties a little now and then, and the speed

will help vou in this particular problens.

Referring omce more to the illustrations,
Fig. 1 and Fig. 2. we see how a motion pic-
ture projector of a small home type may be
nsed, as it was by the DBell engineers in
some of their carly experiments, to flash
moving images through the holes m the
rotating transmitter disk onto a photo-elec-
tric cell. The light fluctuations cansed by
the motion picture images arc translated into
fluctuating clectric currents by the photo-
clectric cell, and these minute currents aro
amplified by three or more stages of resists
ance coupled amwplification.  As this vacuum
tube amplifier will, in many cases, have to
handle frequencies running from ten up to
20,000 per second, resistance coupling is the
type of amplifier to use. At least the first
three tubes of the vacuum tube amplifier
will have to be very carefully mounted in a
super-resilient manner, by means of rubber
bands, etc., as any slight mechanical vibra-
tion will cause a distortion 'in the amplified

The d'iagram aboye shows how the moving picture images fall upon a photo-
electric cell, which causes corresponding current fluctuations in the am-
plifier and neon tube circuit.

are practically instantancous in their action,
i. ¢, in the recovery of their clectrical re-
ststance after light has ceased to fall on
them, it will pay to procure one of these.
The electric motor should be of about
T§$ 1o ¥4 horse-power if it is to drive two
of the small 16-inch disks, as shown in Fig
4. or it will need to he a motor of about one
horse-power possiblvtodrive twoofthe large
38-inch  diameter disks, shown in Fig, 3
Caution should be observed in driving two
of these large disks at 1080 revolutions per
minute, as they would he liable to wreck
the laboratory if they cver got laose at that
speed. At least a l-inch diameter shaft
should be used for the large disks and sup-
ported in substantial bearings, while for the
small 16-inch disk a % or 3% inch diamecter
shaft, preferably the latter, will suffice.
Three bearings are better than two if the
shaft is to he any longer than 2 ft, and
take care to place the driving pulley close
to one of “the bearings to prevent undue
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The method of laying out the holes in the disc used in the Bell television
apparatus is shown in the drawing above.

bending strain on the shaft. The neon tube
used in the Bell system is a specially ex-
hausted and carefully hlled tube, and each
tube is tested out in the laboratory and a
characteristic curve plotted for it,

It was pointed out by the engincers who
carried on this work that a great deal de-
pended upon the operating characteristics
of the neon tube used.  As these tubes were
specially made at their laboratory, it is
necessary for the experimenter to try out
whatever neon tubes he can get hold of,
One of the simplest and cheapest types
possibly is the Westinghouse spark “C”
(ncon tube) many of which have been sold
for testing the spark plugs on automobile
engines.  If one tube is not sufficient to
cover the height of the picture, then several
can be placed side by side, as shown at Fig.
. As shown in the diagram Fig. 8. about
140 to 100 volts is usually cmployed in the
photo-electric cell circuit, and from 200 to
300 volts or more is used in the final stage
amplifier circuit leading to the neon tube.
Use “B” hatteries and not eliminators of
any kind, as a steady current is very cs-
sential,

As the diagram, Fig. 8, shows, the neon
tube at the receiving end of the television
system should be connected directly in the
plate circuit of the last amplifier tube. The
grid bias or “C” battery potential on the
last vacuwom tube in the amplifier must be
carefully adjusted and made high enough,
so that normally when there is no ilhwnina-
tion on the screen or object at the trans-
mitter, the neon tube is dark. In other words,
the bias woltage on the last amplifier tube
must be adjusted, so that the mneon tube
glowes only whenever an incoming signal or
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current  from  the transmitter arrives and
impresses itself upon the grid of the last
cacuum fube,

As is explained elsewhere in this book
regarding details of the Baird system of
television, the light rays issuing from the
neon tube and passing through the per-
forations in the revolving disk at the re-
ceiver, may be passed through a lens, or
a series of small tubes, and these allowed
to strike onto a screen, such as onc made
of ground glass. It is to be pointed out
however, that as the image at the receiver
is enlarged by placing either a lens in front
of the revolving disk, or else by allowing the
image to pass through a lens, or perhaps a
series of tubes (as Baird does it), and the
image in turn enlarging and falling upon
a suitable screen, the illumination factor
reduces also, thus making the image or
picture a great deal dimmer.

A small detail drawing, Fig. 3, shows how
instead of using a motion picture projector,
a regular object, such as a doll, or else a
human face, may be lighted by powerful
lamps and reflectors, the reflected light
image from the face passing first through a
lens, then through a diaphragm placed either
close before or just behind the revolving
disk; thence through the perforations in the
disk, as it revolves, and eventually falling
on the photo-electric cell. The average
photo-electric cell is sensitive to infra-red
rays, and as Baird has demonstrated re-
cently, the object may be lighted by in-
visible infra-red rays, as explained further
on in this chapter, thus eliminating the in-
tense heat on the face caused by the use
of powerful unshielded incandescent or arc
lamps.

FIRST HOLE
IN SPIRAL The proper neon tube to
use behind the perforated
receiving disc in the tele-
vision apparatus, is one
large enough to cover the
size of the image. As
shown at the right sev-
eral small tubes may be
utilized in an experimen-
tal apparatus, placing the
tubes close together.

DA
LAST HOLE
IN SPIRAL

Diagram at left shows in
simplified form at Fig. 6A,
how the holes are to be
laid out on the discs, so
that they slightly overlap
as they move into posi-
tion before the diaphragm.
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The holes in the disc used in the Bell television apparatus are laid out on
a spiral in the manner illustrated.

Laying Out and Drilling the Disk Holes

In the diagrams, Figs. 4, 5, and 6, some
details are given which will enable you to
lay out the spiral of small holes on the disks,
which are to be revolved at the transmitting
and receiving ends of the television appa-
ratus, as shown in Figs. 1 and 2. In the
first place, care should be taken to purchase
sheet brass big enough to cut the disks from,
which has been kept on a shelf and not left
standing on edge in the stock rooms of the
company supplying the brass. The disk
may be 1/16 inch or preferably 3/32 inch
thick. The reason why care should be
taken to obtain brass, if at all possible, that
has been stored flatwise on a shelf, is be-
cause of the fact that sheet brass which has
heen stacked on end will tend to have a
slight bulge in it, and expericnce has shown
that it is nearly impossible to hammer or
otherwise treat the sheet brass so as to make
it perfectly flat and straight.

The disk is best turned from a square
sheet a little larger than the diameter of
the disk by mounting a piece of sheet brass
on a piece of wood, placing small clamping
strips all around the edge to hold it in place,
while a lathe tool is run into the brass so
as to cut a disk of, say, 16-inch diameter.
There are numerous other ways in which
the brass can be cut out, but it should
be done with some form of tool in a lathe,
or clse with a radial arm cutter, such as
those used for cutting holes out of radio
panels and sheet nietal boxes.

Fig. 5 contains data for laying out the
fifty holes on a large 38-inch disk, but few
experimenters will probably want to try to

TO TERMINALS

SUFFICIENT NEON TUBES TO COVER
IMAGE OPENING: BEST TO USE ONE
NEON TUBE LARGE ENOUGH.

FIG.7
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Here the subject is illuminated by powerful lights, the reflected light rays
acting on a photo-electric cell,

build a set of true running disks of this
size, not to mention the larger motor re-
quired to drive them. Figuring on an
image approximately l-inch high by %-
into 50 equal divisions, each measuring 7.2
inch wide and referring to the disk lay-out
diagram at Fig. 4, we see that the first
step is to divide the circumference of the
disk by means of a protractor or otherwise
degrees. These disks are laid out by draw-
ing 50 circumference marks on the face of
the disks with a pair of dividers. Dividing
the height of the picture P by 50, gives
us the difference in radius for each cir-
cumference mark between the top and the

P=3 LARGE
PHOTO ELECTRIC
CELLS

LARGE CAMERA P
LENS. ( FAST
AS POSSIBLE)
SHORT FOCUS.

FIG. 11

bottom of the image to be formed by the
disk. However, instead of taking this
division as thus found, which would be
-1/50 of an inch (.020”) for a l-inch high
image, we take this value, less .001 to .002
inch, which will cause the disk holes to
overlap slightly as they pass by the image
opening in the diaphragm. (Thus the ra-
dius difference would be ,020” less .002” or
.018”.) This will tend to give a more
perfect reproduction. The diameter of the
holes to be drilled along the spiral is found
by dividing the height of the picture P by
the number of holes 50, which gives us for
the l-inch high image, 1/50 or .02 inch. as
the hole diameter. As becomes evident
when you have drawn the 50 radius marks
from the center out to the edge of the disk,
and then drawn or scribed on the disk sur-
face the 50 circumference marks properly
spaced, you can then easily lay out the 50
holes on a spiral, dropping down one space
or division each time you lay out a new
hole, and at the same time working around

BALLAST ---~
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from right to left. A less number of large
holes can be tried, of course, for your ex-
periments.

Reference to Fig. 6-A for the moment
will make this a little clearer; here let
us suppose that only fcur holes have to
be drilled through the disk on a spiral
path: the dotted circles at the top show
how the holes line up in the course of one
revolution of the disk so as to completely
cover the image.

A very important point to remember is
that the diaphragm openiug, placed close be-
fore or just behind the revolving disk at the
transmitter and recciver, is to be made the

SLIT WIDTH OF IMAGE
OR = PITCH BETWEEN
JHOLE CENTERS Pi

The arrangement of the
transmitting apparatus in
the Bell television scheme.
Here a powerful arc light
is fecussed through a lens
on to the rear of a per-
forated revolving disc.
The constantly changing
pencils of light flash on
to the man’s face, for in-
stance, and when reflected
they fall on one of the
three large photo-electric
cells marked P in the
picture. The photo-elec-
tric cells cause variations
in the electric current
sent over the line, and
which corresponds with
the lights and shadows
of the image.

o v. b.C.

size of the image, i. e., its height must be
sufficient to come even with the top of the
outer hole on the disk, and
also with the bottom of
the innermost hole on tnc
disk; while the width of
this diaphragm opening is
equal to the pitch or dis-
tance between the centers
of two holes. The distance
is approximately % inch
for the small disk, as
shown in Fig. 4, where the
dotted lines at the top of
the disk indicate the size
of the image.

For the large 38-inch
disk shown in Fig. 5, used
for producing a larger
image 2%-inches high by
2-inches wide say the di-
ameter of each hole would
be 214 divided by 50, or 05
inch. The circumferential

\
SOLID ANGLE
EMBRACED BY
EXTREME RAYS

FLAT DISC PRISM--""
REVOLVES

Figs. 9 and 10 show method of arranging invisible infra-ray illuminants for
use at the television transmitter,

pitch of the holes would be 360 degrees
divided by 50 or 7.2 degrees. Other metal
than brass can be used for the disk, but care
must be taken to see that the metal is per-
fectly flat, so as to run true.

The disk holes should be drilled care-
fully at medium speed and a small reamer
should be passed through the holes to
smooth them up as well as true them.
This is a very important part of the work
and great care must be taken to see that
the holes are accurately drilled in the posi-
tions laid out on the disks, and it will prob-
ably be advisable in many cases, unless you
are an expert mechanic, to have your local
machinist do this for you.

Probably one of the best ways to mount
the disks rigidly on the shaft, is to pur-
chase or have made a pair of steel or brass
flanges of fairly large diameter, and then to
drill a ring of holes through the disk and
the flange, securing the disk to the flange
face by means of machine screws of about
No. 14-20 size at least, using 12 to 16 of
these screws on each flange, equally spaced.
The flange can be secured to the shaft by
drilling a hole through the hub of the flange
and through the shaft also, and then passing
a steel pin or bolt through the two, mak-
ing sure that it is securely fastened and
will not release when rotated at 1080 rev-
olutivns per mimute.

Circuit Details

Referring for the moment to diagram
Fig. 8, we may take ua close look at the
television transmitting apparatus. Here we
see the revolving disk at the transmitter

LARGE CAMERA LENS
( SHORT FOCUS)

CONDENSING

SOURCE OF
LIGHT
(OR PHOTO
ELECTRIC
CELL)

FiG.12

The Jenkin’s television scheme utilizes a revolving flat glass prism,
which causes a light beam to travel over the whole face, progres-

sively, many times a second.
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with a diaphragm placed close behind it for
mstance.  This diaphragm has a hole the
size of the image, as explained previously.
Behind it is placed the photo-clectric cell,
and this is connected witl a resistance coup-
led amplificr. Note that the photo-electric
cell is connected through a coupling resis-
tance to the first stage of vacnum tube
amplification. It was pointed out by the en-
aineers who successiully demonstrated the
bell apparatus recently, that the common
mcthod of connecting the photo-clectric cell
to the first stage ol amplification without
any  coupling resistance or other medium,
proves very unstable and is undesirable,
Proper C battery bias is to be used on cach
stage of the V. T. amplifier.

In Fig. 8 we see how the object at the
transmitter is illuminated by two or more
powerful incandescent or other lamps, the
reflected light from the object, such as the
face, being reflected through the revolving
disk holes and diaphragm onto the photo-
clectric cell. Tigs. 9 and 10 show how
Baird caused a subject sitting in total dark-
ness to have the image of his face trans-
mitied by television through the agency of
invisible infra-red rays. If a bank of
imcandescent lamps are used in a metal box

TELEVISION

Bell Telephone Laboratory Television
Transmitter

In the diagram Fig. 11, we see how the
Bell Telephone Laboratory television trans-
mitter is arranged.  Here an arc lamp in a
light-tight but ventilated metal box passes
a powerful beam of Hght through a con-
densing lens of large size, the condensed
beam of light being focussed on the rear ot
the revolving disk and the diaphragm just
ahead of it.  The diamecter of the focus
spot is equal to the diagonal of the image
opening.  This diaphragm may be a shding
metal plate affair, the distance between the
plates being made cqual to the distance be-
tween hole centers on the disk.  The dia-
phragnt in any case, will be cvident, is used
to permit but one hole at a time to pass
a ray of light, cither out. to the object
or inward onto a photo-clectric cell, de-
pending of course upon which 1ype of
transmitter is  used. A suitable lens s
placed after the disk, i. ¢, between the
disks and the object.

As was explained in the  detailed  ar-
ticle written by MMr. Secor, and which ap-
peared i the june, 1927, Science & Inven-
tion Magazine, and also the June, 1927,
Ramo News. and reprinted in chapter V11

cabinet, and also one bank across the top.
‘ig. 12 shows how C. Trancis Jenkins,
the well-known \Washington, 1. 'C., in-
vestigator of television and radio picture
transmission problems, does away with a
perforated disk at both the transmitter and
the receiver.  Mr. Jenkins causes a pen-
cil of light to travel over the object by
means of a flat glass prism, revolved by a
motor in the uswal way., This flat glass
prism corresponds to the rotation of a reg-
ular prism, and it has been very careiully
and mathematically worked out. Suitable
lenses are employed with the transmitting
prism as shown. One of the latest ap-
plications of this revolving flat glass prism
of Jenkins, is the projection of motion pic-
tures without the use of a shutter or inter-
mittent mechanism the film traveling through
the projector continuously.

ig.

Perforated Belts Instead of Disks

In the illustrations, IFigs. 13 and 14, a
different idea than that previously described
is suggested. One investigator, whom the
authors have been in touch with, Mr, L. ).
Schramek by name, stated that he had ob-

properiy ventilated with blinds or  shiclds
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The experimental television machine shown at Fig. 13 and 14 above, has been tried out successfully by its inventor, Mr. L. J. Shramek. The per-
forated belt represents one way of causing the light ray to progressively traverse the image at the transmitter, and also to build up the image from
the successive light pulses in the neon tube at the receiver.

over the ventilating holes, it will have to be
hited at the front with a sheet of hard rub-
ber or a dark glass filter, now available on
the market, which passes infra-red rays
but cuts off the visible light rays. If
a scarchlight is te be used for carrying
on o experiments in o woctovision  or  secing
in the dark, as demonstrated by Baird
recently, then the diagram Fig. 10 shows
the position of the hard rubber sheet at
the end of the metal barrel fitted on the
front of a searchlight, so as to keep it
several feet away from the pyrex or other
e¢lass front on the usual searchlight hous-
img. No doubt air would have to be cir-
culated in and out of the extended cas-
ing on the front of the scarchlight, in
order to keep the heat down, and a water
cell would also help.  Another way to cut
off the heat from the visible and radiant
light rays striking the hard rubber sheet,
will be to extend the length of the steel
tube or barrel carrying the infra-red filter,
and mounted on the front of the searchlight.

herewith describing the radio and clectrical
features of the Bell television apparatus as
actually demonstrated, use is made in the
Dell transmitter of three new and extremely
large photo-clectric cells, . These large
photo-clectric cells devised by Dr. Herbert
Ives, of the Bell Telephone Laboratory staff,
are similar in principle to the usual type,
but measure 4-inches in diameter by 14-
inches long.  One cell is placed at cither
side of the transmitter disk cahinet, and
one cell at the top. The consequence is
that the rapidly changing rcfected light
beams coming from the face of the subject
are bound to fall on one of the three photo-
clectric cells; these are connected in parallel
to the two wires lcading to the vacuum
tube transmitter.  The experimenter who
does not have access to these special large
photo-electric cells, can try out a scheme
whereby several banks of photo-electric cells,
or sclenium cells of the new quick-acting
type, are used instead. These banks of cells
should be placed at cither side of the disk

tained some very interesting results with a
perforated belt machine, of the general pat-
tern shown in the illustrations. Here we
have a rapidly moving perforated belt, in-
stcad of the revolving perforated disk.
When the transmitting and receiving mech-
anisms are separated, synchronous motors
will have to be used to keep the two belts
revolving in perfect step with each other.

As the diagram Fig. 13 shows, the holes
may be laid out by drawing a diagonal line
along the entire length of the revolving belt,
allowing space at cach end for lapping and
cementing. The 50 holes are laid out along
this diagonal line, the diameter of the hole
being found by dividing the width of the
picture by 50, as previously explained for
the disk. The spacing of the holes will
determine the height of the picture, and the
fonger the belt, the greater the height of
the picture and vice versa. The belt should
be made of some stiff cloth material, or
painted photo film may be tried for ele-
mentary experiments. The belt must be



opaque. The holes may be spots where
the paint is scraped away. The trouble
with the belt machine as a regular propo-
sition, is that the belt may break at any time,
and is liable to become frayed and worn.
A diaphragm or “slit” plate having an
opening the size of the image, is placed just
behind or just ahead of the rapidly moving
perforated belt; a suitable (camera) lens
is placed before the moving helt at the
transmitter.

Fig. 14 shows the receiving television ap-
paratus embodying the moving perforated
belt, a neon tube being placed behind the
eve piece, and also a diaphragm having a
lole the size of the image or picture, placed
just behind or just before the belt. It is
understood, of course, that the television
signals coming from the photo-electric cell

TELEVISION

of the transmitter will have fo be amplified,
as previously described, by several stages
of resistance coupled amplification, before
being passed into the neon fube at the re-
ceiver.

With regard to the number of holes in
the moving belt or disk in the previously
ilescribed machines, it may be wondered why
50 is invariably recommended. This is
due to the fact that the less the number of
holes or perforations used in the disk, belt
or other light interrupting device, the coarser
the “grain” of the picture.  Likewise the
more holes you use, the finer the grain of
the picture, but 50 has been found to be a
happy medium. As aforementioned, the
main purpose of the diaphragm is to frame
the picture and prevent more than one hole
at a time passing light, either to the eye

CHAPTER 11
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from the neon tube or again from the
illuminated face or other object onto the
photo-electric cell of the transmitter.

A great many experimenters have re-
ported more or less success with a cath-
ode ray tube for reconstructing the image
at the receiver, as the reader will see by a
study of the historical articles appended
herewith. It is the strongest suspicion of
the authors that in this cathode ray oscillo-
graph or Braun tube, lies the solution of
the practical television apparatus of tomor-
row. The cathode ray has no inertia and
can be traversed across the target, or fluor-
escent screen at the end of the tube, at any
desired speed by a series of electro-static
or electro-magnetic fields. This system
as so far tried out is explained in some
of the following articles.

Baird Television—Experimental Data

FTER countless experiments and
A years spent in research, Mr. J. L.
Baird of London (kEngland) has at

last succeeded in making his system

of television a practical proposition. Dem-
onstrations of his Televisor before leading
scientific societies have convinced even the
most sceptical spectator that the problems
of televison by radio had been solved at last.
The apparatus used is shown in the pho-
tos; in Fig. 1 we have the transmitting
televisor. A bank of powerful electric

lamps illuminates the subject whose face,

This picture shows one view of the television trans-

mitter used by Mr. J. L. Baird in London. Dolls

are used owing to the great heat from the lamps
y to illuminate the image. Fig. 1.

for instance, is to be shown in the receiver.
The illumination is very intense, and for this
reason the inventor used dummies in his
laboratory experiments. The picture shows
James and Bill, two ventriloquists’ dolls
whose eyes and lips can be actuated by
cords.

Between the lamp houses. at the center,
a clear space is wvisible; the transmitter
itself lies behind this aperture, it *sees”
the subject through the hole and converts
the optical image into electrical impulses.
A microphone picks up speech and music,
for the receiving televisor shows not merely
an image, but reproduces also words spoken
or music played.

The latest model of the commercial
televisor is shown in photo Fig. 2. The
necessary instruments are contained in the
cabinet, the adjustments are made by means
of the small knobs visible near the base of
the set. On the screen at the left the
scene “seen’” by the transmitter is repro-
duced, the loud speaker at the right adds

the speaker's voice or music. Four stand-
ard radio tubes are used in the receiver,
the instrument is entirely self-contained and
costs but little more than a good multi-tube
broadcast set.

For the present, the image reproduced in
the receiver is in black and white only,
but the inventor assured the author that he
feels confident of being zble to transmit
scenes in their natural colors when improved
apparatus is available.

The working principle of the televisor
is explained by the diagrams; in Fig. 3
we have the transmitter in action. On
the left is the subject whose image is to
be transmitted, for instance a face. A
short distance from the subject is a large
metal disk carrying sixtecen lenses of equal
focus length. These lenses lie on two short
spirals as a common center-line, so that
each lens “covers” a different section of the
face as the disk rotates.

A small electric motor “A” rotates the
lens disk at high speed. At a certain in-
stant of the transmussion, lens No. 15 may
have arrived opposite the subject, it forms
an image of a narrow section and projects
it upon a photo-electric cell of special de-
sign which is shown at the right. If the
image happens to be bright, the cell will
pass a comparatively heavy current; if the
image projected is dark, the cell will pass
little or no current.

If we use the transmitter in its pres-
ent form, we shall find that the images
falling on the photo-electric cell are merely
blurs drawn out into a narrow band. To
get well-defined impulses, the image thrown
by the lens disk is broken up by a rapidly

SUBJECT
1LLUMINATED
8Y POWERFUL
LAMPS

TO

TRANS-
L MTTER
LENS DISC-”
~TRANSMITTING
CENSES T TELEVISOR -
FIG. 3

The diagram above shows arrangement of s!mtter

disc together with lens disc and photo-electric cell

in one of the television mach‘;nes devised by Mr.
Baird.

rotating shutter disk. Slots have been cut
into the rim of this disk, and as it rotates
in synchronous relation to the lens disk, the
light will either pass through the slot or—
a fraction of a second later—be held back
by the spoke of the shutter disk. A small
electric motor “B” drives the shutter disk.

The electric pulsations which take place
in the photo-electric cell are greatly am-
plified in the usual way and finally led to a
radio transmitter, or elsc to a circuit if

One of the recently developed forms of the Baird
televisor with loud speaker at the right, is shown
in Fig. 2, above.

transmission is to take place by wire.
Through the ether, they reach the receiving
televisor, its construction is shown in Fig.
4. After the signals have been detected and
amplified in the manner familiar to all
radio fans they reach a neon tube, accord-
ing to the received signal intensity. In front
of the neon tube is a lens wheel, similar to
that of the transmitter, but of smaller dia-
meter. A synchronous motor “C” drives
this lens disk at a speed uniform with that
of the transmitter lens disk.

Moreover, the lenses must be i phase,
when at the transmitter end lens No. 15
is at the uppermost point, lens No. 15 of
the receiver lens-disk must occupy the identi-
cal position at the samne instant. A special
synchronizing system holds the two disks
automatically in phase. (See chapter on
Synchronism.)

In our diagram, lens No. 15 is just oppo-
site the neon tube, the light passes through
the lens and produces a light spot on the .
receiving screen indicated at the right. On
the receiving screen, the spot of light will
appear relatively in the same position as the



12

IMAGE PRODUCED
BY LIGHT FROM
NEON TUBE \

FROM RADIO
RECEIVER

\
NEON TUBE

OBSERVER ON

TELEVISION

The diagram at the left
shows arrangement of the
revolving lens disc together
with neon tube and trans-
Jucent screen, such as
ground glass, on which the
image is built up. The man
at the right is observing
the image of the arrow as
reproduced on the trans-
lucent screen, the image
being built up by the rap-
idly changing spots of
light thrown on a screen,

MOTOR OTHER SIDE due to the joint action of
- ct QOF SCREEN the light pulses from the
SN neon tube and the revolv-
RISE ing lenses on the whirling

~RECEIVING disc.

TELEVISOR~
FIG.4

bright scction oi the subject’s face which  overcome this difficulty Mr. J. L. Baird

was aalyzed by transmitter lens No. 15 at
the particular instant and which caused the
clectrical impulse. 1f, for instance, the spot
appears in the center of the tield covered
by the transmitter lenses, it will be indi-
cated on the receiving screen by a spol of
light placed in the center of the screen.

FFrom countless more or less bright light
spots, the image is built up on the receiving
screen.  Our «yes cannot separate the indi-
vidual light splashes, its incrtia is too great:
and as in the movies, the light spots melt
into one continuous picture,

Tt is very interesting to follow the repeated
changes of electrical and optical impulses,
the transformations they undergo when a
simple. subject is transmitted via radio are
shown in the diagram Fig. 5. Our subject
is here a small square cut from light gray
cardboard (1). The rotating lens disk pro-
duces a blurred image as its lenses travel
over the subject (2), the shutter disk breaks
this up into say three well-defined separate
bars (3).

fFalling on the photo-clectric cell, the
three light impulses produce three hursts ol
current (4), they are amplified (5), and
finally sent out as radio waves by the
transmitter (6).

The receiving televisor detects the in-
pulses coming through the cther (7). they
are amplified (8), and cause the neon tube
to light up (9). The lens disk catches the
light impulses (10), and re-assembles them
on the receiving sereen where we hehold a
picture of our small gray square. All these
changes take place in a minute {raction ot
a second.

One drawback of the transmitter as out-
lined in the above description was that_ the
subject whose image was to be transmitted
had to face the terrific glare of nmumerous
powerful electric lamps, the glare proved
even more trying than that in movie studios
when a close-up shot is to be taken. To

This picture shows one form of the Baird television

transmitting apparatus with invisible infra-red

sources of illumination, placed at either side of the

central apparatus, which picks up the reflected
rays from the subject’s face. Fig. 6.

tricd rays lving outside the visible spectrum
for iHumination. Infra-red rays are invisi-
ble to the eye, but they affect the seusitive
photo-clectric cell like visible rays. In
other words, the televisor is able to sce
in what appears to us complete darkness.

In the photo Fig. 6, the inventor is shown
in front of the infra-red ray transmitting

SUBJECT TO BE IMA ;
TRANSMITTEDLBY.  THROWCC By AFTER PASSING THROUGH 6"
TELEVISOR; SMALL LENS DISC SHUTTER DISC. AMPLIFIED
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—
ROTATION OF
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and collisions can be avoided with certainty.

The television transmissions can naturally
be heard with any standard broadcast set
tuned to the wave employed. The trans-
mitted scene is heard as sound, cach object
having its own characieristic sound. Mr.
Baird has used this fact in his visual phono-
eraph, (see diagram Fig. 7, and Fig. 7-A);
the sounds are here recorded on a phono-
graph cylinder in the usual way.

To reproduce the scene, the phonograph
is fitted with the reproducer attachment, the
sounds irom the latter are led 1o a sensitive
microphone, the resulting current is ampli-
fied and fed into a receiving televisor. On
the screen, the scene comes to life once
more, and the process can be repeated as
often as desired, just as a phonograph
evlinder can be played any number of times.
(Sce diagram, Fig. 7.)

This trick of recording the fleeting visual
impressions of someone’s face for example,

scems  thoroughly  uncanny  to  say  the
least.  In fact, on first thought, it would
scem  alinost  impossible, but once we

stop 1o analyze the action taking place in
the televisor of any tvpe, we find that over
a given period of time, say one sccond for
example: the image current from the photo-
clectric cell is a continuously and progres-
- sively pulsating one, as the diagram Fig.
7-A portrays. In attemoting to record the
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FIG.S

:The diagram above shows progressively the stages gone through in transmitting and reproducing an
image by the Baird television system, of the type employing revolving lens dizecs at both transmitter and

receiver.

The subject being transmitted in this case is a small gray square at 1, and we sec how it is

reproduced finally at 11.

televisor, at the right and leit ave projectors
sending out invisible rays.  These comprise
hanks of powerful incandescent lamps be-
hind hard rubber sheets. which pass the in-
fra-red rays but cut off the visible rays.
This new development opens up new ficlds
for the televisor; in wartime, for instance,
scarchhghts sending out infra-red rays could
he used to spot an encmy approaching under
cover of darkness, without the latter being
in the least aware of it. In this case the
receiver can be mounted below the projector,
and in line with it.

Fog does not stop infra-red rays to the
same extent as the visible rayvs, and it is
by no means impossible that shortly ships
and airplanes will carry black-ray televisors.
In a heavy fog, or during the night, the
look-out will bhe able to sce well ahcad,

televisor current aiter being amplified, the
current pulsations are passed throughb a radio
receiver unit. which is joined by a picce
of rubber or metal tubing m the usual
phonograph recorder.

All inventions suffered from childish ail-
ments in their first years; think of Marconi's
first radio set, the first automobile, the first
phonograph and the first camera, A few
vears’ work by a band of experts brought
them to perfection, and to-day we take that
perfection for granted and are inclined to
judge new inventions by this high standard.

The future looks bright for television—
the missing link in radio—and our historian
turns to a new page, heading it 1927—Radio
Television introduced—LOOKING-IN BE-

GINS!
C. A, OLDROYD.
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A SIMILAR PULSATORY GROOVE
IS RECORDED ON PHONOGRAPH
RECORD

FIG. 7A

One of the cleverest stunts that Mr. Baird has ac-

complished is the recording of a television image

on a phonograph disc or cylinder. The graphic

curve above at Fig. 7A, gives some idea of the

fluctuating “picture image'” current as created by
the photo-electric cell and amplifier.

At the right we see how the Baird phonographic
television reproducer is connected to one of his re-
ceiving machines, With this system it is possible
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to reproduce a living image at any time from a
wax record, once the image has been recorded
thereon.
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Picture Transmission Experiments

ELEVISION or the clectrical
process whereby one may sce the
living and moving image of a face
or other object projected over a

telephone or other circuit, is a very ab-

sorbing and intercsting field for experiment.
Arother very interesting and less dirfficult

ples on which practically all picture trans-
missionn and reception is based. Hecre we
have two people at etther end of an electric
circuit, which may be a two wire circuit
or simply one with ground returns, as shown
ju the picture. By growid we mean that
case where the return wire of the circuit

METAL STYLUS (
{PIECE OF WIRE)

BATTERY

/

METAL PLATE
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One of the first steps in electrical *’picture transmission” is shown in the illustration here-

with,

The two operators move the metal pencils back and forth along the platens at

approximately the same speed. Through electro-chemical action, the dots and dashes arc
reproduced on the paper at the receiver, whenever the transmitting operator’'s pencil
touches the metal plate.

branch of electrical science is the art of
transmitting line drawings over a wirc or
radio circuit, and then reproducing these
drawings on a revolving cylinder or disk at
the receiving station, the reproduced picture
being built up by dots or lines in the manner
used by the Radio Corporation of America,
and also the American Telephone and Tele-
graph Company. In the picture transmission
systems the average time required to repro-
duce an ordinary photograph is about fifteen
to forty minutes. Briefly considered the
transmission and reception of pictures is
based on the fact that the image at the trans-
mitter is traversed by a pencil of light and
the variationsin the light beam for instance,
are sent over a wire or radio circuit to the
receiving instrument, where the successive
signals are transformed into photographic
or other impressions; so that after a certain
time the recording pencil traversing the
cylinder or disk at the receiver has pro-
gressively covered the whole surface and
the result is a more or less perfect picture.

Let us look at Fig. 1 for a moment, and
we shall learn one ot the fundamental princi-

Avery sim-
ple home-
made ap-
paratus is
shown here
for demon-
strating the
principle of
electric pic~
ture trans-
mission,
utilizing the
‘‘line by
line” proc-

SWITCH

CONTACT
RING
\

is connected to a water pipe or other carthed
metallic system. At the transmitter the op-
crator may use a picce of wire or other metal
clectrode, and he moves the metal pencil
back and forth across the metal plate, the
second operator at the receiving station do-
ing likewise. The speed with which the
mctal pencil is moved across the plate at
the two stations should be fairly similar
but necd not be exact. At the receiving
station we find the operator using a metal
plate on top of which is a picce of ordinary
wriiing paper which has been moistened in
a solution of potassium iodide. You can
obtain this chemical at small cost from your
druggist, and the solution may be made by
mixing about one-half teaspoonful of the
potassium iodide salts in one-cighth glass of
water. The authors found that a metal lcad
pencil containing black lead, formed a better
electrode and gave Dbetter signals than a
plain picce of wire or other metal. The
transmitting operator does not need to use
moist potassium iodide paper unless he cares
to have a check on his signals. All he has
to do ordinarily is to move the metal stylus
along back and forth slowly, forming tele-
graph code dots and dashes by making con-
tact between the plate and the stylus. Each
time a dot and dash contact is made as the
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RECEIVER
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A pair of phonograph motors, or rather two comple

trouble nowadays since the advent of radio broadcasting.

phonographs can be utilized for transmitting a_nd
chemical

stylus moves along the receiver, the operator
who is moving the metal electrode back and
forth in contact with the moistened paper,
will sce the dots and dashes formed as if
by magic. Various battery potentials may
be tried, but for short lines six to ten volts
will be found suflicient.  On longer lines a
greater potential will have to be used to
overcome the ohmic resistance of the cir-
cuit. )

A simple demonstrating apparatus which
will show the principles upon which picture
transniission across the continent, as well
as across the ocean, by wire and radio is
accomplished, is shown at IFig. 2. Here two
old cylinder phonographs or parts therefrom
may be employed if you happen to fnd
them available. Failing this, the two cylin-
ders may be casily made from a pair of
tin cans. The end of the can, such as a
baking powdcr tin, is cut out and the can
is supported on two wooden disks on the
common driving shaft shown.

A handle is fitted to one end of the shaft
supporting the eylinders, so that when turned
the cylinders rotate, and also a pair of gears
at one end of the mstrument causes a
threaded shaft, A, to rotate in a fixed re-
lation to the revolving cylinders. Next you
will need a pair of carriages, cach of which
is to carry a contact wire or brush, as the
drawing shows. A stationary guide rod, B,
serves to keep the carriages in an upright
position as they are propelled along by the
revolving threaded shaft A. In order to
propel the ecarriages along the moving
threaded shaft, hali of a nut of the same
pitch as the shaft A is soldered to the car-
riage, or better still drill and tap a square
block of brass or iron, as shown in Iig, 2
and cut this through with a hacksaw. Solder
one-half of the block to either carriage.
The reason the half nut is used is so that
vou pick up the carriage at the completion
of one picture and return it to the starting
point without having to turn the handle on
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This picture shows how an electric buzzer or bell

may be arranged to act as a recorder for the elec-

trical transmission and reception of drawings and

other pictures. The recording unit is secured to
the regular tone arm of the phonograph.

Fig. 6

I
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PAPER STRIP GLUED
AROUND TURNTABLE
ANO TINFOIL OR COPPER-
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Fig. 3

te machines, can usually be procured without much
The diagram above shows how two disc
receiving a drawing or other image by electro-
means.

ren "]
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Simplified electrical circuits for synchronizing and

also for transmitting and reproducing the image

by means of two phonographs, are shown in the
diagram above. Fig. 4.

the machine and traverse the carriage back
to the starting point.

At the transmitting end of the machine,
a simple image, such as a cross cut out of
tinfoll, or clse an old electrotype, is curved
and secured on the cylinder. If a tinfoil
image is used, it will have to be mounted
on a piece of paper taking care that the
tinfoil is joined electrically by a picce of
foil or wire to the comtact ring at the
end of the cylinder. Every time the brush
wire on the trausmitting carriage makes con-
1act with the tinfoil or with one of the pro-
jecting ribs on the clectrotype, if this is
used, an clectrical impulse will be sent over
the circuit to the receiving cylinder.

At the receiver we find the metal cylinder
covered with a sheet of writing paper which
has been soaked in a solution of potassium
iodide for instance. Every time an clec-
trical impulse from the picture being trans-
mitted arrives at the rcceiver, a brown line
is formed under the brush on the carriage.
You will find that the paper should not be
too wet or the lines will run together. It
should be just moist. The cylinders are
preferably rotated right handed from the
handle end of the instrument, and the car-
riages will then move from right to left.
1f you desire to have the carriages move
from left to right, a third gear may be
placed between the two at the left hand
side of the machine, which will reverse the
rotation of the threaded shaft A.

All of these parts may be found in the
average laboratory scrap box or purchased
for an insignificant amount. It is well to
keep the thread on the shaft A as coarse as
possible. A picce of No. 8/32 rod may
be used on a small machine just to try it
out, but if a lheavier piece of rod about 14
inch in diameter, threaded with about No.
20 thread is used, it will be much better for
vour first experiments, as the pitch between
the lines on the cylinders will be much
greater. This gives you a better chance to
reproduce the image with this simple means.
as experiments by the authors have proven.
You can usc as fine a pitch as one hundred
threads to the inch on the carriage propelling
shaft A, once you have built a more per-
fect form of receiving instrument on which
the reproduced lines will not run together.
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Using Two Disk Phonographs te Trans-
mit Pictures

Most people have somewhere about the
houschold a disk type phonograph, or possi-
bly a couple of them. You can have a
lot of pleasure, and also perchance make
some new and valuable discoveries in the
field of picture transmission by wire or
radio, through the agency ot two disk type
phonographs employed in the manner shown
i Fig. 3. Of course here we have stepped
over the bhoundary line and “declared war
on the enemy,” said enemy being in the
form of the synclironization of the trans-
mitting and receiving phonographs. A little
study will at once reveal why the engineers
who have worked out the commercial ma-
chines for (ransmitting and recciving pic-
tures electrically over a wire, have always
had to solve as their first great problem
the matter of keeping the two revolving
disks or cylinders in perfect step with each
other. In other words, if you make a chalk
mark on the turntable of the transmitting
machine, and you have a buzzer circuit to
your ncighbor’s house who, for example,
was experimenting with you, then every time
the chalk mark came opposite a certain
point, and you pushed the buzzer signal,
a corresponding chalk mark on the revolv-
ing turntable at the recciving instrument
should be opposite its fixed mark on the
turntable shelf.

A simple and constant means of checking
the synchronism between the two phono-
graphs is shown in IFig. 3, wherein use is
made of a pair of spring brass or phosphor
bronze wire brushes, secured to a wood or
other insulating block in any desired man-
ner. Around the turntable you should glue
a piece of paper., and over this strip of paper
in turn glue a piecce of tin or copper foil.
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Details are here given for the construction of a
phopographxc_ recorder suitable for use in repro-
ducing drawings transmitted by electrical means.

This piece of foil may be about 17 long.
Thus every time the two turntables are
rotated synchronously or in step, the lights
at cither end will flash. In other words,
they will flash once for every revolution.
The average phonograph turntable speed
is about seventy revolutions per minute. You
will probably want to slow this down a
little bit for picture transmission, as this
speed is a little high, at least at the start,
as the authors have found.

‘here are many ways in which a disk
type phonograph may be rigged up with
some cheap and simple paraphernalia to
carry on experiments in picture transmission
work. One of the simplest schemes which
will be found intersting, is that shown in
IFig. 3. Here we may utilize a zinc electro-
type grounded to the shaft of the turntable,
or else a simple tinfoil figure placed on a
piece of cardboard, taking care that the tin-



Fig. 7.

SLIDING
U cLamp

TURNTABLE~ SILEUS)

By of the attach

it is possible to transmit and reproduce a larger image than with

# THREAD OR...

‘ TRAVELING
DISC RECORDING CARRIAGE

TELEVISION

USE LEFT HAND

-

HINGE
~~soLperep on

PLACE SECOND GEAR
ON END OF RIGHT HAND
THREADED {Ai:

CGRECHORRREREHEC

RIGHT HAND
THREAD

ts shown above, and which can readily be fitted to any disc type phonograph,

the arrangement described and illus-

trated previously, wherein the regular tone arm of the phonograph is used to traverse a recording pen
across a small disc.

foil image is likewise grounded to the turn-
table shaft. Every time the metal point
(which is being propelled across the re-
volving image by the regular needle and
sound hox of the tone arm, running on a
standard record) makes contact with the re-
volving image, an electric current 1s sent
over the line to the receiving disk, and
here the current pulse passes through the
potassium iodide impregnated paper. Each
tinte a current pulse is received at the proper
position of the pen point on the receiving
disk, a brown image is formed, which cor-
responds in position and length with the
momentary contact with the image at the
transmitter.

You will doubtless find, as have other
experimenters, that the potassium iodide pa-
per is not well adapted to this sort of work,
especially if you are going to use a stand-
ard record to propel the sound box and
regular tone arm carrying the recording pen
across the paper or cardboard disk. The
pitch of the grooves on the standard record
is too fine and the lines come too close to-
gether on the receiver record disk. It would
be much betier to have a machinist turn
a spiral groove in a metal or other disk, the
same size as a standard record, making
the pitch of the spiral groove about one-
twentieth of an inch or even a coarser pitch
than this.

In a machine similar to this which has
been placed on the market for the purpose
of making your own phonograph records, a
clever trick resorted to in regard to propel-
ling the sound box and tone arm across the
record, lies in the use of a stiff bristle
brush fastened in the chuck of the sound
box instead of a phonograph necedle. The
object of using this bristle brush is that it
makes contact with a number of grooves at
the same time and thus nullifies the chances
of the needle jumping the groove.

You will find it very interesting indeed
to make improvements on the recording
means for the picture transmission appa-
ratus, and numerous other ideas which may
lead to some interesting developments are
given in the present chapter. A schematic
wiring diagram for use with the two disk
phonographs shown in Fig. 3 is given at
Fig. 4. One common battery may bhe used
for hoth synchronizing and recording circuits,
but it is more satisfactory and a little sim-
pler to use separate batteries,

Use of Synchronous Motors

Once you have obtained some fair re-
sults with this makeshift arrangement util-
izing two phonographs, you will doubtless
want to try a more accurate means of syn-
chronizing the two revolving disks or
cylinders. For this purpose use may be
made of two, 110 volt A.C. synchronous
motors which are available on the market,

and which maintain a practically constant
speed. You will find it very interesting
to work out some electrical or mechanical
means of keeping the speed practically per-
fect and similar for the two turntables,
and some of the refinements in this branch
of the work are discussed and shown in dia-
gram in the chapter on synchronism. If you
should arrange to drive the two transmitting
and receiving disks or cylinders with two
synchronous motors, thenthesimplest way to
rotate them in synchronism and at the same
speed is by means of a chalk mark placed
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Simplest form of electric writing machine or Tel-
autograph, utilizing four variable resistances and
four electro-magnets or solenoids. Fig. 8-A

on the turntable of each machine, or clse
by use of the syuchronizing brushes shown
in Fig. 2. Now suppose you have started
the synchronous motor driving the disk at
the transmitter, and then the operator at
the receiver wishes to check the synchronisni.
If the lamp is not lighting, he will know
he is not in synchronism, and lie may adjust
the speed by means of a variable resistance
or impedance in the motor line, or by some
mechanical means, such as adjusting the
phonograph speed governor if the motor
drives the disk through the usual spring
motor governor, as is sometimes done. In
other words, the speed at the receiving in-
strument is to be regulated and watched
for a certain period, to sece that the machine
is in exact synchronism, i. e, in perfect
speed relation to that at the transmitter.
After synchronism has been satisfactorily
established, a buzzer or wig wag signal
may be sent to the receiving operator, and
the circuit through the picture transmitting
circuit is closed. The two sound boxes
should be placed on the phonograph records
at about the same time, and the picture
started after the turn tables have made a
few turns.

Picture Recorded by Light Beam

Where either the disk or the cylinder
type of machine is used for building up
the picture transmitted by one of the fore-
going methods, some experimenters may like
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to play around with the photographic method
of recording the image. The American
Telephone and Telegraph Company are us-
ing this system, with modifications and re-
finements of course, for transmitting photo-
graphs across the United States and between
all the larger cities for newspapers and
magazines. For experimental purposes,
where simple drawings or designs only are
to be transmitted and recorded, no elaborate
light shutter will be necessary.

Looking at the illustration, Fig. 5, we
see how a carriage is propelled along the
cylinder by usual threaded shaft, preferably
of coarse pitch for your first experiments,
say 20 threads to the inch. As the incom-
ing picture signals are passed through an
electromagnet or solenoid, it is caused to
open and close a light shutter made of a
small piece of aluminum and a spring. A
lens barrel is preferably employed to con-
centrate the light from a small battery or
other lamp onto the revolving photographic
film. This film is held tightly around the
cylinder by a pair of rubber bands or by
some other means which you may work out.
The whole receiving machine should be
placed in a light-tight box, or else the re-
ceiving may take place in a ruby or red
light. This is the principal method used
commercially. The lamp used will, of
course, have to be placed in a light-tight
box so that only the pencil of light from
the lens strikes the photographic film. This
pencil of light is sharply focussed by means
of the adjustable lens barrel. With suitable
lenses you can focus this light beam down
to a small point, say about 1/32 inch in di-
ameter or less. Unless you can focus the
light beam smaller than this, you will need
to use a thread not finer than 32 pitch on
vour carriage propeller shaft.

Raising and Lowering the Recording Stylus

The illustration at I¥ig. 6 shows a different
method of recording the transmitted picture
image, whercby the recording stylus is
normally raised above the paper, but each
time a picture signal arrives. the magnets
draw it down against the paper and a line
is drawn. You will probably find various
forms of ink recorders are troublesome, and
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for your first experiments a very soft lead
pencil point will probably be as useful as
anything. The authors tried out another
form of recording stylus which utilizes the
green or blue lead, such as used in the
Isversharp and other pencils of that type.
It was 1ound that if the paper disk on
which the image is to be recorded was
moistened with ordinary water, that these
colored leads would draw a clear line in-
stantly and positively. 1f you do much ex-
perimenting along this line, you can casily
devise a simple magazine stylus which will
feed more lead to the point automatically
as required.

It 1s desirable to fit the magnetically con-
trolled recorder, as illustrated at IFig. 0, with
a small roller fastened on a flexible spring,
this roller keeping the paper flat at all
times and normally away from contact with
the stylus pencil. IFor your first experi-
ments, you may utilize an old eclectric bell
or buzzer clamped to the tone arm of a
phonograph, in the manner shown at Iig.
0. The small detail drawing in Fig. 6 shows
another scheme for recording which utilizes
typewriter ribbon. Iere the metal stylus
arm when it is pulled down by the magnets,
causes the typewriter ribbon to come in
contact with the paper through a slot in the
metal guide plate, The typewriter ribbon
will have to be rotated by hand once in a
while to present a new surface, or this can
be done automatically if so desired.

Recording the Image Full Size of Turn
Table

The illustration at Fig. 7 shows a scheme
whereby "an image the full size of the turn
table may be reproduced by the previously
described apparatus. Here the turn table
shaft is made to propel or rotate a threaded
shaft extending along the radius of the turn
table, this threaded shaft propelling in turn
a traveling carriage fitted with a split nut.
The carriage may be made of brass or other

TELEVISION

material, and may not be made all in one
piece at first. The hole for the threaded
shaft is drilled and tapped to the proper
size tap, and the block, if made in one
piece, is then cut at right angles as shown,
with a hacksaw. An ordinary hinge is
soldered on, so that half the block may be
opened when the two retaining springs are
snapped apart. .\ pin at cither side of the
main carriage block ordinarily holds the
springs firmly., \When a picture has been
recorded, it is a simple matter of course to
push the springs apart, split the threaded
block open and slide it along the guide rod
to the starting position again. A sliding
tubular clutch or coupling is fitted on the
vertical shaft carrying one of the mitre
gears, this sliding coupling being necessary
so that a new disk of paper can be slipped
into place. As the turn table ordinarily
rotates right-handed when viewed from the
top, it will be nccessary to use a left hand
thread on the propelling shaft (and L. H.
thread in the carriage unit) if arranged in
the manmner shown at Fig. 7-A, unless the
picture is to be recorded from the inside to
the outside. If it is desired to have the car-
riage travel from the outside toward the
center, and the right hand threaded shaft
is to be used, then a second gear will have
to be employed, as shown at Fig. 7-C. so
as to reverse the rotation,

A similar arrangement to that shown in
Fig. 7 will, of course, have to be used at
the transmitter where a tinfoil image glued
on a piece of paper, or else an electrotype
is to be fastened in place and transmitted.
It should be kept in mind that if electro-
tvpes are used in any of these machines,
that it should be a line cut and not a half-
tone cut, as the apparatus here employed
is not refined enough to transmit a half-
tone. In some of the other chapters in
this book you will find the details which
have been worked out by the experts of
some of the large companies, for trans-

CHAPTER IV

mitting the varying lights and shadows {ound
in hali-tones.

Telautographs

_ While not directly connected with the sub-
ject of transmitting pictures electrically, in
the every day sense of the word, yet after
all the telautograph or clectric writing ma-
chine, is really “one of the family.” Many
readers will no doubt find it interesting in-
deed to experiment with a simple telauto-
graph or writing machine, many of the com-
mercial machines being in daily use for
train dispatching and in many other capaci-
ties.

The illustrations at Fig. 8-A show a sim-
ple arrangement of an clementary tel-
autograph wherein the four solenoids or
suction type electro-magnets the connected
with four variable resistances or rheostats,
1, 2, 3 and 4. As the stylus, which may
be an ordinary lead pencil, is caused to write
a name or draw a picture at the transmit-
ting end of the line, the recording pencil or
pen 1s moved in a corresponding manner and
reproduces the script or pictures - It will
be seen that as each resistance uiiit is varied,
the strength of the current flowing through
the respective solenoid at the ‘receiver is
also varied: and likewise thé pull on the
core of the solenoid. > o

In the commercial telautog aplhis there
are, of course, a number of refinements,
such as a magnetic pen lifter, which keeps
the ink from contact with the paper when
the machine is not in use. The image is
drawn on a continuous moving strip of
paper from a roll, in the commercial ma-
chines, and if you have an opportunity of
inspecting one of the factory built instru-
ments, you will get many pointers to help
you in building an experimental model.
The schematic diagram of a two solenoid
type of experimental telawtograph is shown
in Fig. 8-B.

Methods of Synchronizing

.

NCE the experimenter has obtained
O some practical results with the sim-
- plest television apparatus, wherein the
transmitting and recciving disks are

mounted on a single shaft, which obviates
the difficulties met with in synchronizing
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The simplest means of operating the transmitting

and receiving disc of a television outfit is to drive

each disc by sixty cycle synchronous motors, as
shown above.

the transmitter and receiver, he will then
find himself interested in various methods
of synchronizing.

In the diagram, Fig. 1, the simplest ar-
rangement of a television transmitter and
receiver is represented, the transmitting and
receiving disks being driven respectively by
20 cycle, 110 volt A. C. synchronous motors.

These motors are usually scli-starting and
are available from various manufacturers
of electric motors, or they may be con-
structed from D. C. motors if the experi-
menter is a fairly good clectrician. A few
hints on this subject will be mentioned a
little further on.

The illustration at [Fig. 2 shows another
hint for the experimenter and particularly
useful for picture transmission circuits.
Large size phonograph motors may be used
with the ordinary spring motors, or better
still the spring motor drive is removed or
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In the Bell television apparatus, the transmitting
and receiving discs are driven respectively by 60

cycle and 2,000 cycle motors, as shown in th' dia-
gram above.

disconnected from the driving gears and
speed governor, these gears being connected
with a new drive shait, on the end of which
is mounted a suitable drum on which is
wound up a cord carrying at its lower end
a heavy weight, as shown. In this way
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Very good results may be had by utilizing gravity
drive with heavy weights hooked up to phonograph
motors, in the manner illustrated above. They
give surprisingly constant speed when so arranged.

we have what is known as a gravity motor,
and if these are properly built up they give
a very constant speed. They are hardly
useful for television requirements.

The diagram at Fig. 3 shows the Bell
Telephone Laboratory synchsonizing scheme
used in the television apparatus recently
demonstrated by their engineers. As will
be seen the disks at the transmitter as well
as at the receiver, are each driven by two



motors mounted on the same shaft with the
disk, one being a 60 cycle motor and the
other being a 2,000 cycle motor. - In the
elaborate, yet highly simplined Bell television
circuit, the 60 cyele A. C. and the 2,000
cyele A. C. are fed in parallel on to a com-
mon circuit, as will be seen.  Each motor
is supplied with its proper frequency through
suitable filters,  This, of course, is too intri-
cate a detail for the average experimenter
to be bothered witl, and Fig. 4 shows =
simple form of this circuit which the ex-
perimenter will find worthy of study.

In the dual motor drive for the tele-
vision disk shown at Fig. 4, the 060 cycle
motors at either end of the circuit are
operated from a 60 cycle 110 volt A. C.
circuit, for instance; while the 2,000 cycle
(or lower frequency) motors are operated
from a common 2.000 cycle A. C. circuit.
The experimenter does not have to use as
high a frequency as 2.000 cycles, but any
value between 60 cycles and this figure. The
frequency should be fairly high, as the
higher it is the more accurate the synchron-
izing check. As will be found, 60 cycle
synchronizing motors drift a little from
time to time, the plus and minus compon-
ents of the speed checking out or bal-
ancing up at the end of a given time.  But
as will soon be realized upon a little thought
on the matter, any drifting of the motor
from true synchronizing speed is out of
the question for perfect results, and the
Bell engineers have solved this problem
by wusing the 60 and 2,000 cycle motors
together on the same shaft. In fact so
accurately does the 2.000 cyele motor main-
tain the specd, that in some cases an or-
dinary D. C. shunt motor is used to carry
the brunt of the load instead of a 60 cycle
motor. In one form of the Bell apparatus
the 60 cycle motor is combined in the same
casing with a D. C. motor, as indicated
in the diagram Fig, 15.

The source of the 2,000 cycle or lower
frequency alternating current for the check-
ing motor could be obtained from a 2,000
cycle A. C. generator, but. here trouble
would be encountered in keeping the speed
of the generator absolutely constant. There-
fore, it is better to have recourse to some
such form of generator like that shown in
Fig. 5. This form of generator utilizes,
for instance, a tuning fork opcrated by a
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Fig. 5 above shows how a vacuim tube may be utilized in connection with a tuning fork and a pair of
radio receivers, o as to produq a suitable current for operating a S00 or higher cycle A. C. motor.
Fig. SA shows simple synchronous motors.

pair of radio receiver magnets and coils
connected with o vacuum tube in the man-

ner indicated. [t is desizable to use a
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This diagram shows a simplified form of dual
motor drive for television disc.
correcting magnet. the circuit of which

may be closed once every minute by an ac-
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This diagram shows independent and self-contained form of synchronous motor devised by Captain R. H,

Ranger for his picture transmission machines,

This machine is very intevesting as it utilizes an ordi-

nary shunt wound direct current motor with the addition of two slip rings and a small commutator

raounted on the same shait with the armature of the motor,

revolving neon tube.

The armature shaft carries at one end a

When the fork contacts are closed under certain conditioms, the motor speed
is increased or decreased, as explained in the texi.

The clock checks the tuning fork once a second.

11ov. 0.C.

curate clock. An oscillating audion with
suitable pick-up circuit may be used. In the
apparatus shown at Fig. 5, the oscillating
currents may be checked with a pair of
phones, by means of a d.p.d. t. switch, and
then switched onto a transformer and a
vacuum tube amplifier, The high fre-
quency current thus amplified is then sup-
plied to the circuit feeding the high fre-
quency  checking motors, one experimental
form of which is shown at Fig. 5-A.

This high {recquency motor is built of
two laminated annealed (transformer) steel
disks provided with a suitable number of
tecth, and they are magnetized northh and
south respectively by a stationary coil.
This magnetizing coil may revolve and be
supplied with 1. C. through a pair of slip
rings and brushes if desired.  The A. C.
windings are placed on laminated anncaled
steel cores, as the diagram indicates.

In Tig. 6 the method of synchronizing
an ordinary shunt wound D. C. motor, as
carried out by Captain Ranger of the R.
C. A. for use in his picture transmission
machines, is outlined. This synchronizing
scheme works as follows: At a given mo-
ment, if all the contacts (tuning fork and
commutator) are found closed, then the
variable resistance, R, in the field circuit
of the motor,is short-circuited and the speed
ot the motor is reduced; due to the fact
that the field receives the full strength
of 110 volt current from the D. C. supply
line. At another instant, let us suppose that
the contacts are found closed through the
tuning fork and auxiliary commutator seg-
ments and slip rings at the left-hand end
of the motor shaft; in this casc the shunt
field winding, IF, of the motor will be
momentarily short-circuited, and due to the
greatly weakened field, the motor speed will
increase,  This goes on repeatedly, and al-
ternately, so that the mean average speed
value is practically constant throughout a
given time.

While this method is quite satisiactory
for picture transmission purposes, it is
doubtiul whether it would prove ethicient
for television. The synchronism of the
motor 15 easily checked at any moment
by watching a revolving neon tube which
secured  to the shart ot the motor.
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This neon tube receives an impulse every
time the fork arm closes the contacts shown
in Fig. 6. The tuning fork used in the
Ranger system is a 70 pitch fork, or gives
70 vibrations per second. The tuning fork
closes the neon tube circuit once each cycle
of the fork. The motor speed is 2100 r.
p. m. or the thirticth multiple of the fork
frequency. The neon tube, therefore re-
ceives a current impulse 4200 times per
minute, or twice for each revolution of
the motor shaft.  The result is that as
vou watch the revolving neon tube on the
end of the motor shaft, you see it stationary,
when the motor is in exact synchronism,
as determined by the fork and the clock.
1f the speed is below synchronism. the
tube will be seen to be turning slowly
backward, while if the motor is above
svnchronism speed, the illuminated neon tube
will be seen to drift slowly forward.

Stroboscopes For Checking Synchro-
nism

There are various ways of applying the
stroboscopic principle, but the simplest means
involves the use of a tuning fork. In
Fig. 7, several designs of a stroboscope
disk are shown and also several ways of
arranging two vanes on the ends of the
tuning fork, with slits in them which match
up when the fork is not being vibrated by
striking it on the knee or on the edge of
a table. \With the proper fork frequency,
proper number of marks on the revolving
design placed on turn-table or disk, and the
correct speed of the latter, the marks or
design on the stroboscope chart will be
seen to stand still.  Herewith is a table
which will help the experimenter; the lines
drawn on the paper or cardboard chart to
be placed on turn-table or disk, should be
drawn with India ink, so as to appear as
black as possible.

STROBOSCOPE TABLE

Tuning No. marks

R.P.)M. R.P. Scc. Fork  or divisions
Shait Frequency on chart.
60 1 128 128
120 2 128 64
180 3 128 426
240 4 128 32
1080 18 128 7.1

72 4
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One of the simplest ways of
checking synchronism between
the transmitting and receiving
machines in the television sys-
tem is by means of a Strobo-
scope. Several ways of using a
tuning fork together with dif-
ferent designs, are shown in the
drawing at the left. The au-
thors found one of the simplest
Strob p o prise a
nickel-plated tuning fork, which
when vibrated, caused the black
lines on the revolving disk at
E to become stationary when
the disc speed was in step with
the vibrations of the fork.
Where a computation shows
that an uneven number of di-
visions are necessary, the de-
sign may be mFade as shown
at F.

A fairly strong light is also desirable
and if a nickel-plated tuning fork is used,
the authors found that no slotted vanes
were necessary.  The reflected image of
the chart marks can be observed very
nicely indeed on one of the nickel-plated
legs of the tuning fork. — The fork will
have to be struck periodically so that it
is kept vibrating at a good rate. )

In designing the stroboscope charts, it
is best to usc as high a number of marks
as possible, such as 128 for the case cited
in the first line of the table, It will be
scen, however, that any number of marks
corresponding to a lower sub-multiple such
as 64, 32, etc., could be used, but the authors
found that the 128 marks are the best for
the first case of onc revolution per second,
such as met with in phonograph turn-table
speeds. This considers that a 128 pitch fork
was used.

If N equals revolutions per second of
turn-table or disk. F equals fork frequency
in vibrations per second, and M equals the
number of evenly spaced marks on the disk,
then: N=%; M=% F=M¥N.

In some cases it may

Synchronous Motors

_ The .'e.xperimentcr who is interested in
improvising his own synchronous motor,
had better look up the subject in books
on A. C. motors available at any library.
A' few hints are given by means of the
dlagrz}ms in Fig. 8 which may help the
experimenter, At Fig. 8-A a method is
shown for operating an ordinary D. C.
battery motor as a synchronous motor.
The motor is brought up to synchronous
speed by spinning the armature by means
pf a belt or crank, or else with an auxil-
iary starting motor as shown. If the
motor is a 6 volt one, and the step-down
transformer has a 6 volt secondary, then
6 volt lamps are used for the synchron-
ism indicators across either side of the
main switch.  With the connections shown,
ghe motor will be in syvnchronism with the
incoming A. C. supply, when the lamps are
dark. In the middle of a dark period
the A. C. switch is thrown in. Of course’,
the field of the motor is already excited
from a D. C. source such as a storage
battery, before attempting to synchronize.
In the diagram, Fig, 8-B, is shown
another suggestion for the experimenter
where a battery or other motor is pro-
vided with a separate A. C. winding on
the armature, connected with the usual
slip rings, synchronizing lamps and A. C.
switch.  The D. C. armature winding is
connected with the usual commutator and
b{ushcs, and once the motor is synchro-
nized by speeding up the armature with
an auxiliary motor belted to the shaft,
the field excitation is quickly switched
from the batterv to the commutator of
the machine itsetf.  Some of these small
synchronous miotors are started as series
motors on alternating current, the field
winding being quickly switched to D. C.
excitation in connection with the usual
commutator and brushes on the machine,
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In the diagram at Fig. 8,
“A” shows one way of de-
vising a synchronous motor
from a battery motor. A
starting motor serves to
bring the synchronous
motor armature up to syn-
chronous speed.

SYN.

The illustration at Fig. 8B
shows synchronous motor
built up from an old ma-
chine with battery field ex-
citation for starting. Fig.
8C shows simple clutch for
disconnecting starting motor
after synchronous motor
has been brought to proper
speed and synchronized.
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Simple synchronism indicator utilizing ordinary

filament lamps for low speeds, and neon lamps for

higher speeds. Whenever the transmitting and re-

ceiving discs are rotating in step or in synchro-
nism, both lamps will light.

once synchronism has been established.
I'ig. 8-C shows the use of a spring

clutch and auxiliary motor for bringing the

synchronons motor up to speed and syn-

chronizing.  Once the synchronous motor
has been swvnchronized, pressure on  the
lever is released and  the spring  shown

opens the clutch connected with the start-
ing motor through a belt. This could be
done automatically if desired. (Note that
two slip ring leads in Fig. 8-\ connect the
two commutator bars 180° apart for a two-
pole machiue).

Other Synchronizing Means

In the diagram Fig. 9 is shown a sim-
ple synchronizing device which invelves the
use of two neon lamps. such as the 110
volt A. C. and D. C. “glow lamps’ now
available on the electrical market and com-
monly sold for switch markers or night
lamps. A pair of contacts, such as those
obtainable from a radio jack, are mounted
in the manner shown and the disks at the
transmitter and the receiver instruments
each carry a metal cam or hump, shown in
Fig. 9, so that every time the two disks
are in perfect synchronism, both contacts
are closed and the lamps light.  For slow
speeds, ordinary tungsten filament lamps
may be used, but for high speeds neon lamps
are required.  If the two neon lamps are
placed in series, then the voltage required
will be about 200, but this is easily over-
come by connecting the neon lamps in par-
allel. By making one set of the contacts,
say those at the receiver, adjustable by
means of a small worm gear and handle,
and by suitably shaping the cams project-
ing from the edge of the disk. it is pos-
sible to adjust the brushes so that the point
of synchronism can be very accurately
checked with regard to a fractional part of
one revolution of the disk.

At Fig. 10 is shown a simple scheme for
checking synchronism, and here a contact
is closed at the transmitter disk, let us say,
which causes a neon lamp to glow for a
fraction of an instant just behind the re-
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ceiver disk, in which there is a slot. As
becomes evident, bhoth disks must be ac-
curately in line and rotating at the correct
speeel, or otherwise the glow from the neon
lamp will not bhe seen from the slot at the
receiver disk.

If it is desired to check the synchro-
nism of both transmitter and receiver disks,
with respect to an individual or arbitrary
source of frequency, then a tuning fork
oscillator, as shown in Fig. 11, may be
used. Each time the tuning fork closes
the neon tube circuit, both ncon tubes glow
at that instant behind both the transmitting
and receiving disks, and they are observed
through a hole or slit in each disk respec-
tivelv.  The neon tubes may be mounted
on the disks and revolved with them. When
the disk speeds and fork {requency ave in
synchronism the tubes will appear to stand
still.

An claboration of this methad for check-
ing synchronism is shown in Fig. 12, where
by means of three holes spaced in the man-
ner shown. together with a stationary dia-
pliragm. it becomes possible to quickly check
the disk and tell whether it is in synchron-
ism or running slow or {ast.

ways of carrying
witle a  television

One of the simplest
on  simple  experinments
disk with regard to the constancy ol speed
is that shown in Fig. 13, Here an ordinary
D. C. motor of the serics or shunt type is
operated from a’storage battery or several
of them connected in parallel to give a very
steady voltage: from time to time, of course,
it becomes necessary to regulate the rheostat
so as to keep the speed of the motor up
to the proper value.

Causing the transmitter and receiver disks
at two remote television stations to rotate
at the same number of revolutions per sec-
ond, is one-half the problem: but the sccond
hali of the synchronizing problem lies in
the checking of the synchronism of the re-
ceiver disk with regard to the position of a
given hole in either disk. Tf, for instance,
the number one or outermost hole of a spiral
on a television disk is at a given point at
the transmitter, then the corresponding hole
on the receiver disk must be at the same
pont, at the same instant. A little re-
flection will show that while the recciver
disk motor may be revolving at exactly
the same speed as the transmitter motor
amd disk, yet the two disks could be any
part of one revolution out of phasc with
respect to cach other. This cannot be,
of course, and the simplest way to check
up the fractional revolution synchronism,
is by means of the viewing diaphragm
mounted on a rotating arm as shown in
Fig. 14.

This method can be used by the experi-
menter, but if you saw a face at either
one of the side positions ineicated, the face

By suitably choosing the vibration rate
or speed of the tuning fork operated by
a vacuum tube in the manner shown in
Fig. 11, it becomes pessible to tell when
the transmitting and receiving disc are
rotating in step, as the light pulsations
in the neon lamps must be wvisible to
both transmitting and receiving opera-
By placing friction against the
discs, or else by opening and closing the
2 circuit, or by other means, the relative
position of the discs must be changed
until the light pulsations are seen
through the revolving window.

HOLE OR
SuUY

Fig. 12 at the right shows how three
holes or slots may be placed in one of
the television machine discs, so that with
a neon lamp placed behind the revolving
disc, it will be possible to tell at a
glance whether the disc is rotating fast,
slow, or at a synchronous speed.
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Simple synchronizing scheme which will cause the

neon lamp to be lighted each time the brush and

segment or tooth on the transmitting disc makes

contact, the light pulsations being visible only when

the slot in the receivix;g disc is opposite the neon
amp.

would be on its side: if you happened to
find that you were at the point of perfect
synchronism when the diaphragm was moved
to the bottom of the revelving disk the face
would be upside-down. Of course, if
you are viewing an ordinary object like a
match box, you wouldu't care very much.
as long as you saw an image and knew
you werc obtaining practical results from
your experiments.

The disk may be snapped into perfect
synchronism by many cut-and-try methaods,
such as applying friction periodically to the
cdge of the whirling disk, until the picture s
scen clearly; or again, by means of a mag-
netic clutch placed between the disk and the
motor drive shaft, the magnetic clutch cir-
cuit being opencd and closed rapidly while
the image is watched until it is clear.

However, the scheme used by the Bell
Laboratory cngineers is quite simple and
it does the job perfectly and methodically.
This scheme is shown in the diagram Fig.
15, where side and top views of the dual
A. C. motor drive and disk are shown. As
becomes evident, both the 60 cycle and the
2000 cycle motors are joined rigidly together
on a hollow shait, through the center of
which the main disk drive shaft, connected
with the rotors of both machines, rotates.
The large hollow shaft bolted to the outer
notor frames allows the motor frames to
be rotated through any part of one revolu-
tion, by mecans of the simple worm gear
shown. A small mirror with sunitable handle
or rod extending to the side of the cabinct

REVOLVING

STATIONARY
DIAFRAM
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Fig. 13 above shows about the simplest way of ob-
taining fairly constant speed in television experi-
ments. From time to time the rheostat is adjusted
s0 as to keep the battery potential applied to the
motor at practically constant potential.

) MOVABLE
4 DIAFRAM

FIG. 14

allows the operator wlo starts the maching

up to look in the mirror and view the
dizk image created by the whirling holes
and neoen tubes.  He watches this image
and  turns  the synchronizing worm gear
handle slowly, until the image is iramed

TELEVISION

The manner in
which the Bell
television appa-
ratus isarranged,
so that the image
can be “framed,’’
is illustrated in
the drawing at
the right. As
shown in Fig. 14
it is possible to
swing the imagze
frame on a cen-
tral pivoted arm
until the image
is seen clearly
and completely.
This is objec-
tionable, as if
one were view-
ing a facial
image, it would
appear upside
down if viewed
at the bottom of
the disc. In the
Bell scheme, the
motor frame can
be rotated by a
worm and worm
gear, in the sim-
ple manner illus-~
trated herewith,

The illustration
in Fig. 14 at the
left shows one
way of framing
the picture on a
television repro-
ducing machine,
which  revolves
the swinging
viewing dia-
phragm around
the central axis
of the revolving
disc. This is a
simple system
suitable for ele-
mentary experi-
ments,

properly and is also as clear as possible.
Another way of doing the same thing
which the authors worked out before finding
out about this mecthad, is to gain control
of the whirling disk in respect to the shaft
hy means of suitable gearing passing out
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through a hollow shait. This method
corresponds  to the scheme used for reg-
ulating the pitch of airplane propellers while
they are in motion. The Bell system is,
however, quite simple and superior, the de-
tail involved costing but little,

Photography With Electricity

OBJECT

GLASS PEATE — 00—
PLATINUM FILM —
LAYER OF SELENIUM

METALLIZED IMAGE DEPOSITED
ON PAPER

METAL PLATE

PRPER SORKED
IN ELECTRO-

B

LM M.
SELENIUM- PLATE

Through the agency of selenium which is sensitive to light, a2 Cerman
K. Wilcke, has just evolved a method
y placing a thin sheet of this metal upon a metallic film, usually of gold
or platinum, and placing the whole against a piece of paper.
current is then passed from the selenium to the metal plate and the whole
Where strong light falls on the selenium its conductivity

scientist, Mr.

exposed to light.

for taking photographs

An electric

fs greatly increased, while its conductivity is proportionately less where the
lights are not so strong. Through the electroplating principle, there is a
deposit from the metal sheet to the paper giving fair reproduction of the
object being photographed. This process has not been perfected for come
mercial use, but a number of scientists think that it holds great pos-
sibilities. —Raymond Francis Yates,

S
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Vision Via Sound Waves

Another unique departure from the straight television systems, but included here for the experimental value it might have, is
this reproduction from the April 1924 issue of Seience and Invention Magazine in which sound waves are used to reproduce the
image. Very little has been done from this particular standpoint and it is conceivably possible to develop a method to such an
extent that the loud speaker of the radio set would actuate the television device purely because of the sounds which it produces
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In this apparatus for the transmission
of pictures by radio, devised by Dr.
Fournier d’Albe, each of the perforated
grids revolves at a different speed, set-
ting up an audio-frequency note at the
photo-electric cell which is shown at
the extreme right of the transmitter.
The strength of these audio notes de- : R s
pends upon the amount of light reflected y - 1
from the dsubject. {he ihmagi: toﬁ be :
transmitte passes throig the rst

{ens, the revolving grids, the large lens WNSM/TT/”G
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. Motor a/r,/'wny
the grids
L

-

switch

\ TRANSMITTING
STRTION

BN The sound wade:
1 iy ore sent owt ond
T g~§kreceiyea’ inthe

—ordinary way

The pictures are reproduced through much the
same principle as that used in half-tone print-
ing; it is the size of the dots which form the
image that produces the shading. In the in-

Enlarged view of dots >

showing outhine of an How animage s

s

rect /. ‘O sert at the right is shown a greatly enlarged oroduced 17 t/7?
Obje{‘t nveriovs S/]ades reproduction such as would be produced by ;;e' d’c .
such an apparatus as pictured on this page. ormm of e ser/es
Below is the receiver for this television ap- of dOtS
paratus, The output current of a receiving
set passes to the loud speaker shown. The
sounds impinge on the small tubes, each o
of which is equipped at its end.wlth a mlré . b =4 Pef/ect/ng ends o_f ,Qe_so/;azf‘of;
ror which is attached to a stiff vane an ! ) : v .
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the light is reflected to the ground glass. PN - '..
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CHAPTER V

Telegraphing Photos by Code

The Belin Code System

URING the early part of the year
1921 unusual interest was evidenced,
especially by the lay public, in the
irequent reports from lurope that
certain inventors, notably Belin and An-
dersen, had been successful in transmitting
pictures over a telegraph or telephone wire,
The Belin system was at that time (Jan-
nary, 1921) described at length in Scicice
and Invention magazine., M. Belin was
then in this country making preparations
for transmitting photographs and draw-
ings, as well as writing, over an ordinary
telephone circuit, by means of his rapid
transmitting and recording instrument
which he had perfected to a high degree.
Before discussing the Andersen system
demonstrated in London in 1920 by invi-
tation of the Landon Daily Eapress, which
nicthod involves the coding and decoding
of a given picture, drawing or script, by
means of numbers, let us glance at Fig.
2, which shows a highly magnified half-
tone picture of a man’s head. This repre-

ture can be suitably reduced so as to give
a faithiul reproduction of the photo or pic-
ture in question.

It was then reported in a dispatch from
London that the young Danish inventor,
Thorvald Andersen, had devised an entire-
ly new system of transmitting and repro-
ducing photographs, over long distances,
which system has great promise.

His arrangement of the details, make it
possible to telegraph, telephone or radio a
photograph as far as either of the electri-
cal circuits his system cmploys may ex-
tend, which means, of course, across the
ocean, or across the U, S.

The London Daily Express, who invited
the young Danish inventor to demonstrate
his system in lingland, published three
photographs cabled from Denmark across
the North Sca to the London office of that
paper. These three pictures were those of
King George. Lloyd George and Iren¢ Van-
brugh. the wcll-known English actress.

A unique feature of this demonstration
of the Andersen system was the fact that
the three photographs sclected by the editor
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SAME PICTURE, RETOULHED
INTO LIKE DRAWING
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Fig. 1. The above pictures show successive stages in a new method evolved for the transmission of

photographs or other pictures

by code, over telegraph or telephone circuits, as well as by radio or cable.

The original photograph at left was first retouched or redrawn so as to resemble a line-cut, as shown at
No. 2. A transparent code scale (3) is then placed over the line cut as at 4, and the black and
white portions of the picture coded by noting the lines which the black portions intersect.

sents an enlargement of a plate made for
printing in a magazine. In the original
the dots constituting the picture are so
small that they could hardly be distin-
guished by the naked eye.

Now to show the correctness of the dot
or point theory of picture construction as
employed in the half-tone process, all you
have to do is to place this magnified dot
picture of the man’s face about eight feet
away when you will be surprised by the
result; the dots all merge into onc another
in a very mystical way, and vet in a man-
ner well-understood by photo-engravers,
to form a natural likeness of the subject,

The numerous inventors who are de-
veloping  systems for transmission and
reproduction of photographs, ectc, are
almost invariably working along these
lines, utilizing the fact that with fairly
fine points or dots, or in some cases
lines. a satisfactory picture can be recon-
structed at the receiving end of the circuit.
This fact can be demonstrated in the man-
ner just explained in connection with view-
ing the cut at Fig. 2 at a considerable
distance. In the event that the cut should
be reconstructed by the receiving instru-
ment or by decoding a cablegram or tele-
graph message composed of numbers indi-
cating the positions of the various dots,
lines, etc.. of the original picture in a
coarse manner or hy large dots, the pic-

of the London Daily ILxpress were picked
out from a number of photographs after
the inventor had started on the journey
from Copenhagen to London, and were trans-
mitted via the Andersen system by his
brother in Denmark. WWhen the inventor
arrived in London, the three cablegrams
(in code) from his brother awaited him at
the officc of the Daily Express. each of
which constituted the make-up for one of
the celebritiecs aforementioned.

Mr. Andersen used a special apparatus
for translating the cablegrams and recon-
structing the picture therefrom, which in-
strument and method had to be employed
in a photographic dark room. The de-
tails of the Andersen system were given
out.

The Andersen System

In the Andersen system the original
photograph or sketcli had to he accentu-
ated by an artist, so as to represent a de-
cided contrast between light and shade.
The elements of this method, can be
gleaned further by inspection of Fig. 1.

No. | shows a half-tone or photograph
of a woman's face. while No. 2 shows the
artist's or draftsman’s line cut accentua-
tion of the same picture, preparatory to its
transmission by code.

Now it becomes an casy matter with a

suitably divided and numbered scale to
code such a picture so that it can be sent
by telegraph, telephone or radio in the
usual manner, to practically any distance
desired. No. 3 shows a simple scale which
the student of such subjects may like to
reconstruct, and this of course should be
made of celluloid. It may be divided by
vertical and horizontal lines drawn with
India ink and a draftsman’s ruling pen in
the manner indicated, and the horizontal
lines or abscisse lettered A, B, C, while
the vertical ordinates may be numbered
1,2, 3, 4.

When this scale is placed over the line
cut or accentuated photograph represent-
ing the line cut, it becomes a comparatively
simple matter to write a code message
such as that given in the illustration, No.
4, whereby a person receiving the code mes-
sage can, with a small scale and a piece
of thin tracing paper placed over it, re-
construct the picture line for line. An im-

.
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Fig. 2. This picture of a man demonstrates vive

idly how accurately a picture can be constructed,

solely from black dots. Hold this picture at arm’s

length and the features of the man will begin to

form; look at it from a distance of 8 to 10 feet,

and you will be astonished at seeing the features
fully developed.

provenient over the method of simply plac-
ing a picce of thin tracing paper over the
scale, would be to place the scale and
paper over a picce of glass and provide
an clectric light behind it which should
make the drawing or picture more accurate
and visihle.

It will he at once perceived, of course,
that any method of this nature, whether it
uses numbered squares or some other
scheme. is practically always limited in its
accuracy of reproduction of the picture by
the size of the squares—the smaller the
squares or the finer the lines forming the
squares shown here for an illustrative ex-
ample, the more accurate the products will
be, and the larger the squares for a given
size picture, the cruder the results obtained
in the reproduction will appear.

The cablegram used in transmitting Miss
Vanbrugh's photo contained but 145 words,
while King George’s photograph required
185 words.

A decidedly superior system of code
transmission of photographs was described
in as early as the April, 1923, issue of
Science and Inwvention magazine by D. A.
Jackson. This, instead of being a single



“shade” picture, transmitted 5 changes of
color, irom black to white.

The Leishman Code System

The problem of transmitting photographs
electrically is a vexatious and a knotty
one. In the columms of this book we
will read some very interesting (I'CSCfl[)-
tions of apparatus designed to this end.
Among them are some by the inventor ot
this process.  While many have been suc-
cessful so far as the actual transmission ot
the picture goes, cconomically ’C‘()IISI(ICI‘L"(I
they have not been practical.  Though in
them we may not see the answer to this
elusive problem, they are important factors
—the known quantitics upon which we may
work to an ultimate success.

At this time the Leishman concern was
furnishing telegraph photo service to many
of the progressive newspapers of the United
States by a method that was distinctly a
departurc from anything thus far intrcxlupcd.

In newspaper picture work five gradations
of shade, viz.: white, light grey, medium
arey, dark grey, and black, are all'that ap-
pear in the finished hali-tone. This fact 1s
taken advantage of in the new process and
the first step is to divide the subject photo-
graph into arcas comprising a single, shade.
In the telegram these shades are (lcsngn:}tcd
by certain letters such as N white, F light
grey, I medium grey, K dark grey. M black.
With the various degrecs of shades thus
blocked out the photograph is ready for
the coding process. This 1s done with an
apparatus consisting of an ordinary draw-
ing board with a scale at its top ma:rlc‘m;Y
off abscissas and a T square with a similar
scale on its edge marking off the ordinates.
The scales are divided into cighteen prime
divisions and each prime division into a
similar number of sub-divisions. A letter
of the alphabet is used to designate cach.
and since only eighteen are necessary those
letters most casily confounded are omitted.

With this board it is possible to accu-
rately locate any point as fixed and de-
scribed by another board. It points placed
along a line bounding a shade be accu-
rately fixed by the operator ot the hoard at
the sending station and a record be trans-
mitted to the operator at the receiving sta-
tion, he will be able by means of his board
lo recemstruct that line. Given the letter
corresponding to the shade he will know
precisely the shade he is to fill in the area
enclosed by the line.

The expense of sending the Photogram—
as the inventor has termed it—must obviously
be reduced to a minimum in order to make
the veniure profitable. It is therciore of the
greatest importance that the fewest possible
determining points be used.  The placing of
these, therefore, is done having in mind the
two geometrical propositions that two points
determine a straight line and that three
points defcrmine a circle. Any  straight
portion of an outline may therefore be de-
scribed by, what in code. comes to two
words. Any curve can be resolved inte
arca of perfect circles, each of which may
be described by words.

In order that the receiving operator may
know the nature of the line he is to trace
through the points he has located he is given
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Fig. 3. From an actual Fig. 4. Photograph
photograph which is with features outlined
to be sent over the and shadows divided
wires. into five degrees of

shade.

a letter.  These letters and their meaning
are as tollows:

S beginning of line, 1) end oi line.Aendof
straight line, Q cusp, W cnd of straight
dotted line, U cusp dotted. The last two,
1. e, dotted lines. indicate also that the
shades they divide arc to blend.

Telegvaph rules permit five letters to a
word in code messages. These are utilized
as follows: The first indicates the prime
division on the vertical scale containing the
ordinate indicated by the second letter.
The third indicates which of the prime di-
vision of the horizontal scale contains the
abscissa indicated by the fourth lctter. As
an instance TEDK ix the co-ordinate of or-
dinate IS in prime division T and abscissa
K of prime division D. The fifth indicates
the nature of the line according to the
above tabulations. When the circumscrib-
ing line i completed, 1. e.. brought hack to

LVGIS MBGWQ  MJLJQ MTITQ
QJIBQ QUJDQ SDIXQ SQISQ
TEIBQ TGGQQ TMFQQ TSEUA
TDEKA SMEUQ QXEMQ QJEQQ
MVEQQ MJEKA MEEIQ MDETQ
MBFWQ  LVGIQ LMGKQ LIGMQ
KVFWQ KTFTQ LDFB LAEWQ
LJEGQ LQDQQ LUBWQ MQAVQ
SAAMQ SKAMQ TDAVQ TLBIQ
TUBTQ TXBVQ TVDAA TXDDQ
UADMQ UAEIQ TWELA UBETQ
TXFFQ TUFQQ TVFVQ TUGAQ
TWGMQ  UAGXQ T3IGQ TGIFQ
MQFEE QFFEQ QMFIQ QSFMG
QSFAQ QBEWA QAEVA MMEVQ
QAFDM QJFDM MTFFE QBFFQ
QMFLG QGFLQ MXFJQ MTFFD
QAFIQ QEFKQ QGFJQ QIFGK
QBFIQ QFFIQ QFFIQ QEFFM
QFFGV QJFIS QKFKA QFFLK

Fig. 3. This is part of the program or code
Telegraph message—the form in which the
picture is flashed over the wires.

Fig. 6. This is the complete outiime ob-
tained from the code, with proper shade
letters within enclosures (right.)

Fig. 9. Left: Before telegraphing: This is
from the original photograph as it was
taken at Sing Sing Prison, N. Y., just after
the fire.
Fig. 10. Right: After telegraphing: Pic-
ture of the Sing Sing fire published by the
many Western and Pacific Coast papers
within twenty-four hours of the fire—really
befare the fire was nut,
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This
the shadows roughly

Fig. 7. Fig. 8.

from the  finished

picture ready for pub-

lication. Compare 3
with 8.

And this is

shows

blocked out—poster

effect.

the point of beginning, the fifth letter gives
the shading to be filled in. Qther letters
are used to indicate clouds, marine, a throng
of people, cte.

The entirz process is illustrated in fig-
ures 3 to 8. A sample of the code is secn
in figure 3.

Soime excellert results have been ob-
tained from this system and though its
scopc of application is limited to some ex-
tent to photogranhs of no great amount of
detail it possesses a number of advantages.
For instance, there is no limit to the num-
her of times a photogram may be relayed
and the process lends itseli to radio as
well as wire telegraphy, nor is it subject to
distertion drom static and magnetic dis-
turbances,

Az early as April, 1923, photo service was
being cxtended to all parts of the country.
as rapidly as possible. To cfficiently han-
dle this scrvice, the country was zoned with
a large city as a nucleus. The zone com-
prised all territery within twenty-four hour
mailing service.

To further explain the operation of the
Teishman code system {for transmitting
photographs by cable, an article by Leon
Adclman on thic subject appeared in the
November, 1923, issue of The Lxperi-
menter,  a magazine  {formerly  published
under the name Practical Electrics.

The first time in history a picture of
a BEuropean ncws event was transmitted
by cable on the day the photograph was
made and reproduced the following day in
New York City, Chicago and San Iran-
cisco, was in 1925,

The feat was accomplished by the use of
the Leishman Telegraph Picture Process
and the American Telephone and Tele-
graph Company's Tele-photo-graph proc-
ess and stands as a record of achievement,

The Leishman process in November, 1925,
was the only one that would operate on a
trans-oceanic cable. It consists of the fol-
lowing steps: The picture to be sent is en-
larged if it is a small one, usually to 18
inches square, and is placed upon the sur-
face of a so-called coding device. This
latter is a board having two scales, one
horizontal and the other vertical, the let-
ters of the alphabet representing the grad-
uations of the scales. The coding board
and photo being of the same size, the out-
lines of the various tones comprising the
picture are traced by means of movable
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\.STYLUS IN HAND OF OPERATOR WHILE
PICTURE 15 IN PROCESS OF DECODING,
Fig. 11. Showing the method in which the picture
was coded. A pantograph arrangement with a hori-
zontal and vertical scale together with a code
representing the intensity of tint of the various
areas form the basis of the Leishman telegraph
picture process.

arms  similar  to those on the Telauto-
graph, and as this is done the positions of
the tracing stylus arc indicated on the two
scales. There are more than 100,000 dif-
ferent positions possible on any picture and
the readings on these scales indicate the
movement of the stylus from one position
to another,

The readings on the scales are thus in
the letters of the alphabet and are incor-
porated into a code message with letters
that indicate the exact shade of the various
parts of the picture. The system is there-
fore one which is entirely different from
those with which we are more or less fa-
miliar: such are the modulated carrier
wave system, as used by the R.C.A., and the

TELEVISION

bichromated gelatin process of Relin and
the Jenkin revolving prism methods of tele-
photography. These will be described later.

The particular picture in this case was a
photo of the now world-famous American
swimming star, Miss Gertrude FEderle,
which was taken while she was struggling
her way through the choppy sea of the
Iinglish Channel.

The photograph was developed in the
usual manner and an enlargement was
made. The enlargement was placed on the
coding machine and an operator coded it.
¥ach position of the stylus corresponded
to a group of five letters, the first of which
denoted the vertical position on the board -
the second, the horizontal position: the
third, fourth, and fifth, the intensity of the
shading.

As has already been explained, there
were five degrees of shades corresponding
to plain white, light gray, medium gray,
lleavy gray, and black. It required 548
groups of letters with five letters to the
group to code the picture of Miss Ederle.
At the receiving station, an operator had a
similar coding board and recorded the

upon the active element of a light sensitive
or photozlectric cell. This produces what
is known as a modulator current which is
super-imposed upon a carrier wave or radio
frequency current. It is this modulated
current which is transmitted and at the re-
ceiving station is brought back into the
original picturc by means of photoelectric
recording devices kept in perfect synchro-
nism with the transmitting apparatus.
Thus, while the photogram system re-
quires absolute synchronism, the Leishman
system is independent of synchronism. In
the Leishman system an automatic tape is
used to record the letter combinations and
the picture can he decoded later at will.
One may be led to believe that minute
details could not possibly be reproduced by
this system, but the success of the process
lies in enlarging the picture before trans-
mitting it. The operator is enabled to out-

line carefully even the smallest detajl and
in the picture of Miss Ederle, it will be
seen that several bubbles arising from the
tops of the waves were exactly detailed.

It has not as yet been possible to send a
fluctuating direct current such as would re-
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Fig. 12, At the receiving end the various letter

are potted by the operator and

filled in by the artist.

sombinations

Fig. 13. The unretouched photograph of Miss Ederle
as drawn by the artist at the receiving end, New York

British Channel.

Fihiolo courtesy of the North American Newspaper Alliance
in her. attempt to swim from France to England
City, a few hours after it was taken in the

Note minute detai's, even some of the bubbles in the water have been successfully

reproduced.

series of letter combinations as points.
These points were then connected by lines
which it is interesting to note were never
more than 1/32 of an inch out of the way,
and the arcas were shaded according to the
code letter prescribed.

Thus the picture is built up mechanically
by the receiving operator and after final
shading has been completed is reduced in
proportion to about the size of the origi-
nal photograph.

This was the process which was used at
the receiving station in New York City.
In order to send the picture further on to
San Francisco, the American Tclephone &
Telegraph Company's photogram system
was utilized, which is entirely different
irom the Leishman system.

The photogram method consists of the
tollowing steps:

A positive transparent print is made of
the picture and it is wound on a rotating
cylinder which has the light of a small
lamp contained within it focused on its
periphery. By means of a worm-gear ar-
rangement, the beam of light cuts a tiny
swath 128th of an inch wide, passes
through the transparent positive and falls

sult when modulating by means of a trans-
mitting microphone button, over a trans-
oceanic cable. The attenuation in a line
prevents such a method being used: as vet
it has been impossible to use the modulated
carrier wave svstem. The pulsating modu-
lations which would result {from decoding a
picture in the manner such as is used in
the photogram system or Belin's process
would be very similar to the voice currents
set up if telephone communication were
attempted. And of course as we all know.
sub-sea telephony over such great distances
has been found impractical.

A {urther analysis of the Leishman proc-
ess will show that it is a very simple prac-
tical method, which involves no special ap-
paratus nor takes into account the time
elapsing between transmission and recep-
tion as some of the other methods do. It
is surprising to note with what cxactness
it is possible to build up a picture from
mere combinations of letters. Even a paor
artist can readily fill in with the necessary
shades the areas which he outlines by con-
necting the various points, which he plots,

It would have been possible to send the
letter combinations via radio or cable.



In the transmission of the various letters
by cable, it has been found that some of
them do not register very well and perhaps
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Fig. 14. Sending pictures by code. 'I:he star would
require only twelve points to be specified, a_nd_ rep-
resents a very simple object for transmission.

hecome unreadable at the receiving station.
These characters are omitted and not ali of
the 26 letters of the alphabet are nsed.  An-
other interesting fact is the time required
to transcribe the character groups into the
picture.

The following data illustrate the speed
with which this particular photograph trav-
eled. After it was taken when Miss Ederle
was half way across the English Channel
at about one o'clock Tuesday, August 18, a
speed boat conveyed the photographer back
to Dover where a train took him directly
to London. There, in the London office of
the North American Newspaper Alliance,
it was coded by a Leishman operator and
sent by cable to the New York office. It is
interesting to know that the picture was
sent in two parts so that the receiving
operator was able to work on the first hali
of the picture while the second half was
still being sent.

As soon as it was completed, it was filed
with the American Telephone & Telegraph
Company who relayed it Dby telephoto-
graphic process over telephone wires to Chi-
cago and San Francisco, where it was de-
livered to the press.

Another step in the direction of sending
pictures by code was described in the
August and September, 1923, issues of
Practical Electrics. This publication was
later combined with Scicice and Invention
\Magazine. The article included a short de-
scription of the work of Andersen, Emil
Belin and Prof. Korn, The article was writ-
ten by Noel Deisch.

How to get photographs to the press in
time to supplement a description of an
event by graphic illustration is a problem
that has fretted reporters and puzzled in-
ventors ever since the invention of teleg-
raphy made possible the sending of mes-
sages by wire. For a picture brings home
in one glance the whole setting and effect
of a scene, and with a torce that no de-
scription in mere words is fitted to convey.

The airplane has been relied on for quick
delivery of photographs, but it requires
good hard cash to charter an airplane, and
only seldom does interest in an event make
the expenditure worth while. Then be-
sides, an airplane is not rapid enough. If
Lieutenant Maughan conld continue his
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terrific pace of nearly 2350 miles per hour
all the way across the continent, he would
still require over 13 hours of time to de-
liver a message from one of eour coasts to
the other, and that much time might mean
an entire day’s delay to a newspaper that
must go to press at a regular hour.

The increasing popular demand for
news photographs has spurred inventors
to renewed efforts, and although it must
be conceded that the apparatus they have
so far produced have not wholly measured
up to the strenuous requirements of com-
mercial journalism, still, very tangible
progress has been made towards a satis-
factory solution.

All the various code systems that have
been developed are based on very nearly
the same principle, and this principle may
be explained as follows: Suppose that you
have a rectangle divided off into equal
spaces by horizontal and vertical lines, as
shown in Fig. 14. Suppose also that each

one of these lines bears a number. Now if
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Fig. 15. The Sphinx sent by the code system.

Here it will be seen that a very exhaustive speci-
fication would be required for transmission.

vou should put a blot znywhere on this
rectangle vou could tell somebody seated
at the table opposite you and furnished
with a similar rectangle, on what part of
vour rectangle this blot was located, by
telling him simply the two numbers corre-
sponding to the two lires which crossed
under that blot. There is just such a blot
shown in our rectangle the top of the star,
and for it the numbers would. of course, be
18 and 20. Now if your ‘riend happened to
he seated at the other side of the continent
rather than at the other side of the room,
he could locate the blot with exactly the
same precision, and just as soon in point
of time too, if you had tlie proper telephone
connections. This simple fact is the basis
of a system which has had at least one re-
markable application, and which under cer-
tain restricted circumstances serves quite
successfully.

Let us go back to our rectangle. It is
crossed by only 60 lines in one direction
and 40 lines in the other, and hence any
given point cannot he located on it with
any high degree of exactitude. If the
point does not happen to he placed where
two lines cross, the best we can do is to
take the nearest intersection and let it go
at that. Of course. when you then name
the lines corresponding to this intersection
the person at the receiving end will locate
his dot right at the intersection. and for
this recason it will not be fixed quite in the
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place that it is on the original sending rect-
angle. But if you should increase the
number of lines sufficiently you could get
any degree of accuracy that you might de-
sire. Suppose yvou had 600 lines in one
direction and 400 in the other; the possible
accuracy would then be ten times as great
as in the original instance, and we could
then locate a point with pretty fair pre-
cision.

Now, if one point can be located, any
number of points can be located, and since
every object in a picture has an outline,
and since every line is made up of points,
it is evident that by sending numbers cor-
responding to a good many points on the
outline, setting them down again correctly
on the rectangle at the receiving end, and
joining them together by a line, an outline
drawing of the sender’s picture will take
form on the receiver’'s rectangle. The more
geometrical the character of the original
picture, the smaller will be the number of
points required to specify its form com-
pletely. To send a picture of a square, all
that will be necessary is to give the num-
bers corresponding to the four corners of
the square. To send the picture of the star
shown in our drawing we will only have
to give the numbers corresponding to the
summits of its several angles; .e., 18, 20;
25,24, 25,31 31, 28, 37, 31; 37, 24; 44, 20;
37, 16; 37, 9; 31, 12; 25, 9, 25, 16. Even the
picture of a house would not cause very much
difficulty; but when we come to deal with
lines of uneven contour, the number of
points required is very greatly increased.

True. an outline drawing is not a fin-
ished picture, but by including suitable
descriptive matter of each portion of the
picture, a competent artist can fill it in
completely, in a way that is satisfactory
for certain purposes.

It will not be necessary to state that
this system has not been much used, the
reason being that it requires a very clever
reporter at the sending end, and a com-
petent staff of rapid-fire artists at the re-
ceiving end. Besides, the teamwork be-
tween the two stations must be perfect.
Then again it is to all practical purposes
impossible to send portraits by this method,
which fact in itself almost excludes it
from the newspaper ficld.

Still, the process was very successfully
applied on one occasion, and on that oc-
casion moreover two portraits formed a
very essential part of the picture.

It was a Los Angeles paper that staged
the feat, on the occasion of the battle be-

Fig. 16. Example of code transmission varying
the size of the dark areas of the square, the total
number of squares remaining exactly as before.
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tween Dempsey and Carpentier, and so per-
feet were the arrangements that the 3,300
miles that separate Los Angeles irom the
arcna in New Jersey was bridged in a little
under three hours of time.

These are the successive steps that were

h

Fig. 17. A figure in solid black can be transmitted

by the line system. This indicates a departure

from the dot system, but we will sce the dot sys-
tem returned to for modern transmission.

cone through in the operation of transmit-
ting the picture. After the photograph of
the knock-ont had been secured. an outline
tracing was made of it, and over this trac-
ing was placed a transparent piece of cellu-
loid cross-lined much like our original
rectangle.  Wherever a line in the tracing
passed through one of the cross-lines, a
code number was set down that specified
this intersection. For the entire picture
400 scparate number combinations were re-
quired. This entire code was then tele-
graphed to the Los Angcles office of the
newspaper, togetier with additional de-
seriptive matter covering the shades and
shadows, expressions, and the like.  All
that was left for the operators at the re-
ceiving end to do was simply to mark out
the points on a ruled picce of drawing
paper, draw in the outline, and fill in the
spaces according to the telegraphed de-
scription.  To transmit the picture required
30 minutes, to decode it called for 70 min-
utes more, and an additional hour was con-
sumed in filling in the interspaces and fin-
ishing off the picture. The result was in
every way satisfactory and in fact quite
truthful to the original. as was shown later
when the two pictures were published side
by side.

A principle closely similar to the one

described  above is the basis of most of
the mechanical methods of  transmitting
pictures by wire. To understand this

principle, we uneed only take our original
rectangle, all cut up neatly into squares
hike a checkerboard, and suppose  certain
of these squares to he filled 1 with black
ink in such a way as to give a duxvn, say
a picture of the sphinx, as shown in Fig. 13,
It would be easy to telegraph mtdllgcnce
of exactly where each one of these hlack
squares is located, and thus enable anybody
at the other end of the lne to duplicate
our own design, For instance, we might
merely give the numbersz of the black squares
that occur in cach line, in succession, start-
ing from the top.
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But it will take no lengthy reflection to
realize that when using this process we
could only transmit very simple pictures,
Of course the reproduction might be cou-
siderably improved by greatly increasing the
number of squares, but even then cevery
picture would inevitably look a great deal
like the design on a Navajo saddle blanket,

Every picture made by this process must
be a mosaic.  Yet some very commendable
pieces of art have been exccuted in mosaic.
However, the artists who put those draw-
ings together had at hand stones of different
shades, whereas we are limited to full black
and full white.  That fact puts a very sc-
vere limitation on our efforts in the direction
of artistic expression, but one which can be
largcl\ overcome by the simple expedient
of using squarcs of different sizes. In that
way we can produce a graduation of tone—
shades varying from full black to pericct
whiteness—and we will thus get not only
the outlines of the picture but the shadows
and halt-tones as well, or use the system
described in the previous chapter.

Fig. 3 shows a drawing that has heen
made up by just this very “method. There
arc no more squarcs in this drawing than
there are in the drawing of the sphinx,
but the squares have l)cen made of dii-
ferent sizes. Close at hand our drawing
does not bear much resemblance to a picture
at all. But merely set the page up straight
and walk away until the squares do not ap-
pear as bcparatc squares, bhut merge into
cach other, and it will take on an altogether
different aspect.  In other words, to malxc
a perfectly clear and well modeled picture
of ordinary size. the squarcs must be quite
numerous. Instead of squares, we can, of
course, use dots of any shape, for the shape
of the individual dot has httle infuence on
the general eftect.

We have now arrived. for the hali-tone
llustrations used in magazines and news-
papers are made up of nothing more than
a great number of little dots of various
sizes, set out at regular distances from each
other.  All we lm\c to do is to telegraph
the size of each one of these little dots to the
other end, set them up there in the proper
order, and our problem is solved.

Thorwald Anderson, a Dutch inventor,
worked out a way of doing this. He had
an apparatus at the scn(lmq station by which
he determined the brightness of the picture
at every point that will be represented by
a dot.  This intelligence was put into code,
and the code telegraphed to any part of the
earth that can be rcached by wire or wire-
less.  The operator at the receiving end
was provided with a typewriter whose spe-
cial type enabled him to make dots of dii-
{erent sizes, and he punched out these dots
in succession, just as they were sent, side
by side and line under line, on a sheet of
white paper.  \VWhen the whole operation
was finished, a complete picture appearcd on
the sheet, which had only to he reduced upon
a zine plate to make it ready for the press.

This all sounds very simple, and onc
would think that Anderson’s process should
work pretty well.  But a little arithmetic
applied to the question will cause some
doubt on this point. A good print for a
sporting extra should be about 3x7 inches
in size,  Newspaper illustrations are usually
made to have about 63 hali-tone dots
to the inch, and a square inch would thus
contain 63x65 dots.  In the whnle picture
there would, therefore, be 147,873 dots, and
so many can be satistactorily transmitted
only by automatic niechanical metheds.

Some American inventors worked out a
process for accomplishing this some years
ago.  Their invention went by the name
of the “clectrograph™ and involved mak-
ing an enlarged zine etching of the origi-
nal photc-mayl. to he used in the sending
machine. To prepare this plate usually
required about 40 minutes.  To transmit
the picture took only about 10 minutes
more, and to reduce and prepare the re-

ceived picture for printing, another 30 min-
utes; or a llttle over an hour and a quarter
in all.  The size of the picture was 9x12
inches, and there were 40 hali-tone dots to
the inch, so by veducing it one-third a 6x8
picture containing 60 hines per inch could
be made up. Transmissions were carried
on between St. Louis and Cleveland. which
represents 770 mitles of line, and although
the results were “satisiactory” they do not
appear to have been as good as those given
by other processes that were being developed
in Europe.

Nearly all inventors during 1923, aban-
doned the dot method, and sought to pro-
duce a nearly continuous image at the re-
ceiving station—a picture intended to re-
semble as closely as possible an ordinary
photographic print.  From this picture the
half-tone plates are made up exactly as
with an ordinary photograph.

To understand these processes, we will
again go back to our rectangle.  This time
we will not suppose it to be divided by cross-
lines at all—just a plain rectangle, except
that it has a black-and-white design drawn
on it The receiving operator has an-
other exactly similar rectangle, the only
difierence being that it is without the draw-
ing.  The problem is io transfer the draw-
ing from the first rectangle to the second
rectangle, even though several thousand miles
of space may intervene between the two re-
spective rectangles.

The reader will he asked to suppose that
at the sending station there exists a pencil
or stylus which regularly moves in a straight
line from the top to the bottom of the rect-
angle on which his star is drawn, and that
betore cach new stroke this stylus moves
over an imperceptible distance towards the
right.  Thus, if it starts at the left of the
edge of the rectangle, it will move over the
entire area of the paper in a succession of
vertical  strokes. We must request the
reader further to assume that at the receiv-
ing station another penci! sweeps down over
the second rectangle at exactly the sawie
rate. Both pencils therefore will be at
exactly the same relative place on their re-
spective rectangles at the same instant. Just
how this can be done will be explained
presently.

Assume again that ecach time the first
pencil touches the drawing. the scecond pen-
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The Nile boat and palm tree of the black
unshaded original reproduced in hne at the distant
end of the telegraph wire,

Fig. 18.
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Fig. 20. Selenium cell apparatus for sending moving pictures; they are received photographically upon a

film wound upon a rotating cylinder.

Sending and receiving apparatus, also operated photographicaily,

that allow for use of an oscillating mirror. o

cil will push down hard, and in doing so
will draw a line on the paper over which
it moves. Just as soon ‘as the first pencil
has moved beyond the edge of the drawing
the second pencil again rises, and a line will
no more be drawn. Now it is evident that
when the whole operation has been com-
pleted, that is, when the whole rectangular
space has been gone over in this manner,
the second piece of paper will bear an
image of the original drawing, not in full
black, but an image made up of a great
number of vertical lines, The way the two
drawings would appear when the receiv-
ing apparatus is adjusted to draw rather
broad lines is shown in Fig. 17. If it were
adjusted to draw a great number of lines
crowded pretty closely together there
would be a great deal more detail in the
reproduction, but it would also take longer
to send the picture.

Now let us consider how all this is car-
ried out in practice. Take a piece of paper
on which the picture to be sent is drawn
and wrap it around a cylinder, fastening
the ends of paper good and tight so that
it will lie snug to the cylinder. Do the
same with the blank paper at the receiving
end. Suppose the two cylinders to be turned
by a motor at exactly the same speed.
If the axle on which the cylinder turns is
threaded like a screw, the cylinder and
paper will move along lengthwise as it
turns around, and it will be evident that a
point or stylus held against the rectangle
will sweep over it from top to bottom, and
also move sidewise. Of course in this case
the rectangle moves and the stylus stands
still, but it all amounts to the same thing,
as Einstein tells us. That solves the first
part of our problem; the one of contriv-
ing to have the two styluses to move at just
the same speed, and to be at the same rela-
tive point on both cylinders at the same
time. The next thing to be done is to
provide that when the first stylus strikes a
part of the drawing it will do something
to make the second stylus draw a mark.

This final difficulty was worked out in
several ways by various inventors long ago
—by Bakewell in 1847, by Father Caselli in
1856, and by Meyer in 1865. A typical
method is to make the drawing to be trans-
mitted on a thin sheet of metal like tinfoil,
using black varnish and ink. The tinfoil
bearing the drawing is then mounted on a
metallic cylinder. The stylus is a fine
steel point something like a phonograph
needle, and this point presses against the tin-
foil or varnish as the case happens to be.
while the cylinder turns under it. Now
tinfoil is a good conductor of electricity, and
so is the stecel stylus, but varnish is not.
The tinfoil is stretched over a metallic cylin-
der, and the connections are so arranged that
an electric current will pass through the
foil to the needle, and pass on over the line
to the receiving station. That is, the cur-
‘rent will pass so long as the ncedle is in
contact with the tinfoil, but as soon as the
tarning cylinder brings a part of the design
tinder the needle, the insulating ink in which
the design is drawn will lift the stylus
off the tinfoil an imperceptible distance and
the current will cease to flow. We have
then this state of affairs: when the stylus

is passing over the tinfoil a current is pass-
ing through the wire, but when the stylus is
going over any part of the drawing no cur-
rent passes.

Suppose the stylus at the receiving end
to be represented by a pen held up a very
short distance from the paper by an elec-
tro-magnet. It is held up against the
force of a spring which tends to pull the
pen down upon the paper. But as soon as
the current is shut off the magnet lets go
of the pen, which then is pulled down
against the paper and begins to draw a line.
It will continue to draw until it is again
pulled away from the paper by the electro-
magnet, which last instantly responds to
the passing current. All this is made plain
in our drawing, (Fig. 19).

This is Mever's solution to the prob-
lem. Caselli achieved the same end by
slightly different means. Instead of exe-
cuting his drawing in varnish on tinfoil,
his picture was drawn in slight relief
by a photographic process. The stylus was
attached to a little lever, and each time it
passed over a part of the drawing it lifted
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The Korn Method

We will now consider the processes of
Professor_Korn of Munich, and of Emile
Rélin of Paris, Here we find ourselves in
compairatively new territory. We, of course,
still retain our cylinder, rotating on a thread-
ed arbor, and crawling along an impercep-
tible distance with each revolution that it
makes. But that is about all of our old ap-
paratus that we still have use for, and we
will have to make over even that essential
part to a certain extent., For the Herr Pro-
fessor of Munich, whose process we will
first describe, does not use a metal cylinder
at all, but instead a cyvlinder made of trans-
parent glass. Around this cylinder he wraps
his picture, but this picture is not drawn
out on metallic tinfoil, nor even on paper,
but consists of a photograph on transparent
celluloid.

Now we come to the critical part of the
process. Observe the left-hand figure
above. The cylinder is placed vertically,
and moves up or down as it turns. At a
short distance from the cylinder is placed
an electric lamp. A lens takes the light
from this lamp and focuses it in an ex-
ceedingly small spot on the surface of the
film. Since both the film and the cyl-
inder are transparent, the light will pass
through both.  After it is through, it will
strike a prism located on the interior of
the cylinder, which will bend the beam of
light at right angles and send it out of
the open bottom end of the cylinder. Here
the light falls on a selenium cell, through
which a current of electricity furnished by
the battery is continually flowing.

Let us go back and glance over what
we have.  There is a small spot of light
falling on a picture, and the picture is
on a cylinder, and the cylinder is rotating,

RECEINING
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Fig. 21. Very simple
arrangement by which
perpetual synchron-
ism between two rows
of rotating cylinders
at distant stations is
obtained. This is used
on the Belin appara-
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slightly, and the lever made a contact and
sent a current over the line. There was
no pen at all in Casclli's apparatus. He
used a paper so sensitized with chemicals
that in mercly passing through it the clec-
tricity Jeft a mark, and thus he did away
with a great deal of complication.

Both of these apparatus did in fact
achieve some limited application. Caselli’s
was used on the French state tclegraph
lines for a time. But they all suffered
under a double disadvantage: that only
black-and-white drawings, and nothing in
the nature of a photograph, could be trans-
mitted, and also that there was not then
the intense pressure that exists today for
getting pictures to the press.

SENDING APPARATUS

Fig. 19: Line
transmission of a
star  illustrated in
diagram, showing
the system by which
the Nile boat had its
picture transmitted,
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But the spot of light stays in one place
all the time, whereas the picture moves
along under it. A picture is not all of
one tone—it 1is light in some parts and
dark in others, and as a light portion hap-
pens to move into place under the spot of
light. nearly all of that light will pass
through the picture, be reflected by the
prism, and fall upon the selenium cell. But
when a dark portion of the picture moves
under the spot of light, hardly any of the
light will pass through.

The selenium cell is therefore sometimes
in the dark, sometimes illuminated, accord-
ing to whether a dark or a light part of
the picture happens to interpose itself be-

(Continued on page 108)

RECEIVING APPARATUS

TELLGRAPH

[81.7]
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And now we arrive at what is probably the ultimate in code picture transmission as we know it today.
ities will be able to increase the speed of photograph transmission and even better the results,

TELEVISION

The Bartlane Process

process at the present is the outstanding picture transmission method. An article descriptive

April 1926 issue of Science and Invention Muagazine.

SANTINOE’! SINKING CABLED ACROSS THE ATLANTIC

Perhaps some author-

Nevertheless, the Bartlane

of this appeared in the

Written by 1. Winfield Secor

At the lcft appears a pictwre of the
foundering ‘‘Antinoe’’ as cabled from
London to New York over the regular
cable system. As shown on the right
hand page the perforated tape contain-
ing the proper sequence of signals was
made in London from the original snap-
shot of the ‘““Antinoe.” As the enlarge-
ment in the small circle shows, every
part of the picture is composed of
square dots similar to those of a half
tone. These dots are of varying de-
grees of light and shade, and owing to
their small size a faithful picture is
built up as becomes evident by view-
ing the accompanying reproduction at
arm’s length.

Photo at right shows machine for reproducing photo as well as
preparing transmission tape in New York
service. Man in center is Captain M. D. McFarlane, who in col-
laboration with H. G. Bartholomew of the “London Daily Mir-
ror,” evolved the Bartlane system of transmitting photos hy radio
or cable. The pictures may also be transmitted over telegraph
lines if desired. The man at the extreme left of the picture is C.
F. Willis, Bartlane expert, and man at right is F. S. Millar of
the Western Union Cable Company.

office of photo syndicate¢

The_photo shows first pic-

ture being received from London, September, 1925.

e

i/

Map at left shows
present facilities
in actual operation
f o r transmitting
p'ctures such as

‘“Antinoe’” across
occan and to ali
parts of

The diagram at the immediate right shows the
tone scheme employed in this process It should
be remembered to begin with, that no special cable
transmitting or receiving apparatus is necessary
The snapshot received in London by airplane from
the S. S. “President Roosevelt,” was hurried into
the laboratory, and five prints on zinc were made
from the negative, each of a different exposure,
giving the five principal tones of light and shadow.
There are really six tones obtained in the complete
process, as the diagram at right shows. The five
prints on zinc leave certain parts of metal exposed
and an electric circuit is established through these
portions, corresponding to lights and shadows, each
registering on certain perforators as §hown on op-
posite page. The cable company receives the per-
forated tape, transmits its readings across the
ocean, the new tape being delivered to the New
York laboratory, and reproduced as a picture in
the manner shown. A marvelous concentrating lens
combines the light rays in the reproducer to make
square dots of varying tone values.

ddd. ) @ ¢

The tape forming the border of this page and comprising a part of Mayor

Waiker's photo shown above,

is just one-half the width

of

the actual

tape used. It takes a relatively short time to prepare the five tone nege

atives from the origiral picture in the transmission laboratory, and the

Above we see the smiling face
of New York City’s new mayor
the Honorable James J. ‘Walker,
as reproduced in London papers
irom a picture cabled across the
Atlantic from New York. Did
you notice the art border around

this page? It is composed of five
feet of the perforated paper tape,
a small part of the two hundred
and seventy feet of tape re-
quired to transmit Mayor Walk-
er’s picture across the Atlantic.

0 ¢ roe

T

5o o

tape signals for photo are transmitted across the ocean in a few minutes,

Once tne tape is placed in the reproducing machine it requires but one

and one-fourth minutes to record the picture on the film, develop and
fix it, and obtain a print from the wet negative.
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How Photosof the AntinoeWere Cabled Across the Atlantic

On this page a complete d_escription of the method of transmitting pictures across the Atlantic by means of the Bartlane
process, is illustrated. The various stages in the process can be followed step by step.

NP ,w /\ S
x———————_ =11 - . -y (L IR
! =S ===  CAMERA RIS \'!Mlﬂ'lj

Lo NEGATIVE SENT S~
I & i BY AIRPLANE TO e S~ .,
= = __.es" SSPRES.ROOSEVELT ARRIVES ONDoyp o i
PHOTO TAKEN - ) AT PLYMOUTH, ENGIAND cm e mmsemmecmman e | L
OF 5.S.ANTINOE B daiale DL LT VP
- -t
- /TAPE PERFORATED IN SPECIAL
Ke FACH PRINT ) LABORATORY IN 30 MINUTES
. HAS “«— ELECTRIC CONTACT N
K4 OGRESSIVELY | || T ICTRNEEDLE
L / nog&w / MOTOR DRIVEN
4 DETAIL SHAFT PROPELS
— - PICTURE ALONG
3 - FEED WHEEL- o AXIS
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s |* DIFFERENT
‘ EXPOSURE,
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COATING LEFT ON 'SHADING- PULL PERFORATING ARM S
?__T%T‘;_%Agg % PERFORATED
A ! ' TAPE
TAPE ,., hee
¥ LONDON

RECORDER 2
— 4

A ML
"} HIGH SPEED
STANDARD TAPE

7" TRANSMITTER IN
CABLE CO.OFFICE

ATLANTIC CABLE OVER WHICH
ELECTRIC SIGNALS (DOTS)
ARE TRANSMITTED

ROLL OF PAPER
REPRESENTING PHOTO

OF ANTINOE SINKING-, ! A A 4 4"x S FILM :
D}gL]VERED ‘To \A,‘__ld et ON MASK EXPOSES FIVE
NEWS -PAPER OFFICE BY CABLE CO. MESSENGER ROTATING PERTORATED HOLES

ROLL IN ONE LINE ONLY

ROWS OF DOTS OF VARYING
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ON FILM, PITCH OF.
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THREADED SCREEN TRANSMITTED

SHAFT

PROPELLING

SENSITIZED

ROTATING .

FILM PAST N

BEAT OF LIG\HT/'

LENSE§  SLOT
1¥2 MINUTES TO RECORD S$FOT OF LIGHT SPECIAL
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INTO ONE BEAM
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When the crew of the S. S. “President Roosevelt’”” was rescuin ins i

S. 8. g those insulated from thc metal and the light parts were not. Then, as contact

onl boax_flgh‘the E S. “Antinoe,” a photograph was taken of the latter ves- needles were passed over the surfaces as shown, circuits were a;naxde aand /
ge, y is pl qtog'raph was subse'quently. sent by cable to the United broken and the tape was perforated. These perforations were transmitted
htates or publication. The above illustrations show the various steps in in the usual manner, received and recorded. The recorded tape was then
the transmission. Five prints were made from the negative on zinc sheets. photographically impressed on a sensitized film in the special manner

These were then developed and by the process used, the shaded parts were illustrated. From then on, the process is plain.
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CHAPTER VI

Direct Wire or Radio Picture Transmission (Codeless)

clusively with the developments in the

realm  of telephotography  from  the

carliecst of apparatuses down to  the
present day, we have already seen the meth-
eds emiploved 1 the sending of photographs
by code systems.  Naturally, the next step
is to cither improve the code. send pictures
directly without a code or do bhoth.  The
subject as will be seen has been approached
from both angles.  The code method has
been materially mmproved as was shown in
the last chapter and the wire or radio trans-
mission  syvstem was  likewise  considerably
devetoped.

IN this chapter we are going to deal ex-

Systems of Bain and Bakewell

The problem of sccing at a distance is
always

preceded by the presumably sim-

Fig. 1. Illustrative example of electrolytic deposi-
tion. The shaded part indicates metal deposited on
the electrode.

pler achievement of transmitting pictures
by telegraphy.

The simplest and most
stood wethod of  reproducing  a  picture
clectrically is by clectrolysis.  The appar-
atus which works on this principle is based
upon the fact that an clectric current which
is sent through a solution of metallic salts
decomposes them into their constituents. Al-
though very many of our radic iriends are
now familiar by experience with back-coup-
ling and modulated oscillations, reflex oper-
ation and similar things, very often the
simplest basic laws are quite unsuspected
by them, so we can properly show the ele-
mentary diagram.

In the right-hand vessel, Fig. 1 therc is
a solution of copper snlphate in water, in

readily under-

Fig. 2. An elementary form of the sending and
receiving apparatus for the electric transmission of
drawings is illustrated above. The receiving stylus
actuated by the transmitter current reproduces a
design on a synchronously driven dium. The two
apparatus may be assuimed to be many miles apart.

which as electrodes two plates of carbon
(A) and (K) are immersed and connected
with the galvanic battery (12).  Then as
the current passes, the beautiiul blue so-
lution gives up its copper so that plate (K)
is coated with copper, red and metallic, as
indicated by the hatched lines.  IFor pro-
ducing a picture other solutions are em-
ployed; but this simple example is cnough
to make the topic clear.

Now we must explain the apparatus pro-
duced m 1843 by Bain, but first put into
practical form in 1847 by Bakewell.  In
the diagram IMig. 2 the sending apparatus
is shown above, and the receiving apparatus
below may be assumed to be at any distance.
The design to be transmitted, which may be
writing or drawing, is painted upon a plate
of metal such as tinfoil, with an insulating
point or varnish such as asphalt or shellac
solution.  As a simple example we show
here a square crossed by its two diagonals.
This leaf oi tinfoil is then attached to the
cylinder (T)) and may be cemented thereto.

On the suriace of the covering of the
cylinder a metallic stylus (S,) rests, whose
insulating arm (A,) is tapped with a thread
at its back and through which passes the lead
screw  (Spy).  The current of the hattery
(1) is conducted to the right-hand standard
and the shait. then through the drum (T)),
and then passes through the stylus point
(S)) when it is possible to do so, which is
when the said point rests upon an uncovered
portion of the tinfoil covering (D) of the
cylinder. But when the point (S,) reaches
a part of the foil covered with the insulating

Fig. 3. The early form of the ‘‘telephotographic”

device was driven by a clock spring. The stylus is

moved transversely by a threaded rod or lead-screw
geared to the drum shaft.

pigment the current is cut off.  Now if we
turn the cyvlinder (T;) on the shaft, while
at the same time the point (S;), by the
action of the lead screw (Spy) is slowly
drawn along the cylinder parallel to its
axis, the point (S,) will then cover the sur-
face of the tinfoil with a discontinuous
helical line whose successive lines lie close
to each other.  The drawing will thercfore
he transmitted step by step and decomposed,
as it were, into openings and closings of the
circuit.

The next diagram shows the way in
which this apparatus was constructed and
a model made by Bakewell, which was
driven by a clock spring.

But now the current thus produced must
act upon the distant receiver and give us
visible lines again.  Tor this purpose the
same arrangement as the transmitter is em-
ployed, including the metal drum (T:), a
metal point (S,), and the transierring point
(Sta). It is essential that the receiving ap-
paratus shall move at exactly the same
speed as the transmitter. Then we will
find the stylus point (S,) on the same por-
tion of its drum (T,), always in place cor-

responding to the receiving apparatus drum.

The technician will express this by say-
ing that both apparatus must be in syu-
chronism.  Now we wrap around the drum
(T:) oi the receiver a sheet of bibulous
paper (P) which has been moistened with
a colorless solution, from which the elec-
tric current, just as it did with copper sul-
phate solution, will separate a definitely
colored substance. Thus a ferrocvanide
(as yellow prussiate of potash) mixed with
ammonium nitrate and dissolved in water
will give a dark blue color under the action
ot the current. The current transmitted

in regulated intermission according to the
lines of the drawing is_carried through the
corresponding parts of

the receiving ap-

Fig. 4. The received drawing is a “negative’ of the
drawing on the transmitter drum, since the re-
ceiver stylus is lifted off the drum when the trans-
mitter reaches point after point on the drawing.

paratus, including the moist paper spread
upon and attached to the drum or cylinder.

It follows that the poiut (S;) will re-
produce on the paper in blue lines the de-
sign painted upon the tinfoil at the dis-
tant transmitting station. This will per-
fectly reproduce the design from the tin-
foil, giving a point wherever the original
drawing had a line, and will be hroken off
wherever the insulating composition comes.
Now when the paper which has covered
the entire surface of the cylinder (T.) is
unrolled and spread out we will have a per-
fect reproduction of the original, in white
upon a blue surface, the latter composed of
lines in close proximity to each other, as
shown in Fig. 4. The above is electro-
chemical reception.

We have come to the important develop-
ment of receiving a sketch or writing by
the use of the clectromagnet. We now
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Flg. 5. The type of apparatus shown above operates

by a positive action of the receiving stylus, the

latter making a mark on the receiver drum when

the transmitter current is interrupted by lines of
the drawing.



refer to fig. 5. The transmitter is of
exactly the construction described for the
preceding case. Again we find in the
receiver a cylinder covered with paper, but
the metallic stylus is replaced by a pencil

Fig. 6. A “positive’”’ reproduction received on the

apparatus shown in Fig. § is illustrated above.

This is an exact duplicate of the transmitted
drawing.

or a sort of fountain pen carried by an arm
(A:), which can be raised by an electro-
magnet so as not to touch the paper.
second bar (St) parallel to the lead screw
(Sp) insures the position of the arm carry-
ing the electromagnet, armature, stylus and
movable arm.

When the magnet is passing no current
the reproducing point bears with its weight
and that of the armature upon the drum,
and if this is rotated the same helical line
will be drawn upon the paper. Now let
the current from the battery be .intcrrup@ed
at proper intervals by the transmitter, which
current goes through the coils of the electro-
magnet (M), it will raise the arm (A;) and
lift the inscribing point from the paper.
This occurs as long as the stylus of the
transmitter rests upon the insulated varnish
on the tinfoil.  But when at the transmitter
any point of the design opens the circuit,
the magnet (M) releases the inscribing point
(F) so that it makes a mark upon the
paper. By this apparatus we obtain the
sketch reproduced in points and strokes
lyving very close to each other in tint or
color upon a white ground, Fig. C.

The two apparatus so simply described
are subject to many modifications, but these
do not affect the basic principles.  Thus
a departure is shown in the transmitter of
Hubert, in which the design is produced
on the paper in relief. so that the lines
rise above the surface of the paper. The
current by the contact (K) is carried to the
receiver.  But this is only possible when
the stylus (S;) is raised by the relief por-
tion of the sketch and the movable arm (Ay)
pressed against the cantact point (K) beneath

FIG. 7

Fig. 7. This modified form of “telephotographic”

transmitter operates with the drawing to be trans-

mitted formed in relief on the paper. The trans-

mitter circuit is closed when the stylus is lifted
by the raised portions of the drawing

which is a light spring for the purpose of
making a good connection.

The current thus made intermittent pro-
duces on the chemical receiver the sketch
in blue lines on a white ground, and with
the electromagnetic apparatus in white upon
a ground of parallel lines as shown in Fig. 4.
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This has been described in the simplest
possible way, but picture telegraphy can-
not be carried out as smoothly as all this.
Thus the greatest difficulty inheres in es-
tablishing synchronism; that is to say, ident-
ical speed of the two drums (T,) and (T.),
which, of course, may be many miles apart.
This is a complication which cannot be
treated of here.

The question of the speedy transmission
to be obtained by such an apparatus is of
interest to us. If we have regard to the
disturbances in the current, due to capacity
of the circuit, self-induction, lag of the elec-
tromagnet and similar factars, which are
bound to occur, but which with our present
means we can well overcome, we can then
under the most favorable circumstances pro-
duce 300 points per second.

A picture 3%X5 inches reproduced in
points 100 to the inch will require some
170,000 points, so that if this is divided by
300 we will have 570 seconds, or nearly ten
minutes required for the reproduction. But
this time will have to be increased if we
consider the delay due to difficulties in es-
tablishing synchronism. As we proceed
we will see how synchronizing systems have
gradually improved.

The Leishman Direct Wire System

In the latter part of 1917 the LlLECTRICAL
ExPERIMENTER asked Mr. Leishman to ex-
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ing of pictures is not television; it does not
make it possible to see the person to whom
you are telephoning, as that would necessi-
tate the transmission of moving pictures or
about sixteen pictures per second. At
the present time, such a thing is impossible
for both electrical and mechanical reasons.
It is possible, however, to send and receive
one picture in a very few minutes. Some
people ask what would happen should the
picture collide with a building. This, as
readers of the LELECTRICAL EXPERIMENTER
probably know, cannot happen because the
actual picture being transmitted remains at
the sending machine, a reproduction being
cffected at the receiving end by the building
up of minute portions, one at a time, until
the entire picture is recetved.

“The telegraphing of pictures therefore
resolves itself into the following distinct
elements: A means for gradually covering
the entire surface of the picture by some
device capable of translating the light and
the shade of the picture into pulsations or
variations of an electrical current; and a
means for successively recording these pul-
sations or variations in the form of what
appears to be graduations of light and shade.

“How I accomplish these things can best
be shown by first explaining how the tiny
parts of the picture are successively trans-
mitted and recorded. Obviously, this can
best be done by an arrangement similar to
a cylinder phonograph or dictating ma-

Fig. 8. Mr. Leishman and his machine for telegraphing pictures, photos, script, etc.,
over telegraph or telephone lines.

plain to its readers his system for the
transmission of pictures by electricity—
i. e. Teleyraphing pictures. The actual
workings of the instrumnents had never be-
fore been explained in detail to the readers
of any periodical.

Jiven at that time the idea of telegraph-
ing pictures was not new; in fact, a scheme
for accomplishing this had been suggested
fully seventy years previous to that ar-
ticle. Most experimensiers that entered this
field made use of the peculiar property of
seleninm for changing its electrical resist-
ance when exposed to light. Mr. Leish-
man's system was far less complicated and
expensive than those using selenium, and it
was possible by its use to receive a very
clear and distinct picture at almost twice
the speed heretofore obtainable.

Mr. Leishman wrote: “In order to make
this discussion within the understanding of
all, T shall avoid all technical language and
make the explanation as simple as possible.
Let it first be understood that the telegraph-

chine, both the sending and receiving in-
struments usirig this mechanism. The car-
riage that is sending or receiving, grad-
nally progresses from one end of the cylin-
der to the other on a spiral or screw, and
the picture itself rotates on the cylinder.
This makes it possible for all parts of the
picture to be covered in the same succes-
sion at both ends of the line. The cylin-
ders must of course revolve in exact syi-
chronism to prevent distortion, but for the
sake of clearness this will be explained
later.

* The next problem is that of causing light
and shade to affect the passage of an elec-
trical current. This, of course, properly
constitutes the sending device. As pre-
viously stated, some systems vary an elec-
trical current by causing the light and
shade of the picture to act upon a por-
tion of selenium through which the cur-
rent passes. This is a very direct way
of solving the problem, because there must
be an ‘eye’ that recognizes light and shade
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and that will vary an clectrical current
accordingly. It isx possible, however, to
accomplish this in an ecasier, cheaper and
less complicated way. I perceived imme-
diately that a picture composed all of
black and white could be made to make
and break a current hy forming the black
or white on an insulating material upon
a metal plate and causing a current to pass
from the plate to a tracing necdle, so that
the insulating parts would break the said
current.

“This idea then had to be elaborated upon
to permit the transmission of a lalf-tone,
All newspaper half-tones, and the great
majority of those in magazines, are really
composed entircly of black or white; that
is, any given point is either the one or the
other.  Ixamine one of these pictures
closcly and you will find it to be composed
entirely of little black dots, the shaded
cffect being an optical illusion due to the
size of the dots. There are a fixed number
of these dots to the linear inch, varying in
newspaper work from forty to vighty.,  If
the half-tone is what is known as sixty
screen, then there are sixty dots to the
lincar inch; and the light and shade, as be-
fore stated, is produced by the size of the
dots, the lighter portions having small dots
and the larger wortions having large dots
that sometimes join and produce a mass of
black.

“These dots may of course be formed
of insulation and will break the current for
a period of time proportionate to their size.
This is the general idea of transmitting a
hali-tone.

“Defore explaining the exact operation of
my picture transmitting device, it may be
well to explain the method of preparing the
hali-tone i order to obtain the insulating
dots.  Ior this, I follow up to a certain
point the regular process of photo-engrav-
ing.  The picture to be transmitted is first
photographed through a screen, the function
of which is to brealk up the picture into dots
whose sizes vary as previously explained.
A copper or zinc plate is then coated with
a solution of glue, bichromate of ammonia

Fig. 9. This reproduction of a photograph by the
Leishman Process shows particuiarly well the way

in which features are brought out. Hold picture
at arm’s length to obtain best effect.
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and water. This is placed in contact with
the developed negative and is exposed to
strong light. The bichromate of ammonia
is the element acted upon. \When the plate
is washed, the part that has not received
the light washes away, leaving the rest
fixed to the plate. Upon lieating, the gela-
tine picturc turns to a chocolate color.
The regular photo-engraving process goes
still further, but this is all that is nccessary
in the preparation of a picture for trans-
mission, as the dark portions form a very
thin _and highly satisfactory insulation.

"The plate is then rolled into a thin cylin-
der and slipped over the cylinder of the
machine. The transmitting carriage con-
sists of an arm into the end of which may
be screwed an ordinary phonograph ncedle,
which is held against the plate by a spring.
A current passes between the ncedle and
the cylinder excepting when an insulating
dot passes bencath the ncedle. As pre-
viously explained, the mechanism permits
the needle to cover every part of the pic-
ture. In this manner a picture is trans-
mitted.

“At the receiving end of the line, the cur-
rent from the transmitting machine passes
through the coils of the clectro-magnets
on the receciving carriage. These attract
a very light armature, causing the saffire or
diamond in the forward end to press
against the cylinder. This pressure does
the recording. The stylus may be made to
cut a stencil: scratch camphor smoke from
white cnameled paper; scrape white wax
from dark paper; or press upon a carbon
sheet, thereby recording and reproducing
the picture upon ordinary paper.  The pic-
tures illustrating this article were received
by the latter method. In this manner, all
the dots on the sending machine are accur-
ately reproduced on the paper at the receiv-
ing end. ‘Fhese dots, since they vary in
size according to the light and shade of the
picture, form an excellent half-tone like-
ness of the original object.

"Some of the readers of this article may
wonder why the recording is not done by
making a pen out of the receciving stvlus
and causing it to writc upon ordinary
paper. The reason lies in the fact that a
pen and ink arrangement is necessarily
more complex than the svstem above ex-
plained; it gets out of order casier. and
when recording at the rate of oo Tumdred
and fifty-onc dols per sccond. which is the
speed at which a picture s recorded, it is
not as efficient as the methods described.

“The constrnction of the receiving arnt
should be very light to overcome friction,
gravity and inertia. It should also be suf-
ficiently stiff to avoid vibration. Friction
can be very largely eliminated by using
jeweled bearings.  The clectro-magnets used
for actuating this arm may be polarized so
that the current has merely to change the
degree of magnetization. It is possible to
make a receiving carriage that will respond
to fechler impulses, but this is not as de-
sirable as speed.

By connecting a rheostat in series with
the receiving carriage, the current can be
adjusted to make the receiving arm record
as cfhciently as possible, and picturcs can be
made lighter or darker at will,

“There 1s another detail worth mentioning
in regard to the sending apparatus. Unless
some means is taken to prevent it, a spark
forms at the break of the current, which
of course takes place as an insulating dot
passes under the needle. This can be pre-
vented in three ways. One terminal of a
condenser may be connected to the cylin-
der, and the other to the necdle: or cnough
resistance may he introduced into the line
to absorb the cnergy; or resistance may he
shunted across the gap so that the current
at break merely becomes too weak for the
clectro-magnets at the receiving machine
to attract the recording arm. The latter
plan has the advantage of reducing what
may he called the inertia of the line, due to

its capacity and inductance. This, however,
is of little consequence excepting in long
distance work,

“So far as the use of this system with
wires is concerned, there remains to be dis-
cussed only the synclironizing of the send-
ing and recciving cylinders. It sometimes
happens that power is furnished from the
same generator at fairly distant points, In
this instance, synchronism is merely a mat-
ter of using synchronous induction motors.
But in the great majority of cases, no
such convenience may be resorted to. It is
then hest to use direct current motors oper-
ated by storage batteries with a sliding
contact rheostat in- the circuit.

“The operator of the receiving instrument
watches the recording of the picture; and
if the machines are not in perfect synchro-
nism, he is warned by a deviation of the
straight lines formed by the picture's upper
and lower borders, If the line turns in one
direction, his motor is going too slow, so
he cuts out some of the resistance. An
opposite deviation warns him to move the
handle of the rlicostat the other way. When
storage batterics are used, the current is
steady and very little adjusting of the rheo-
stat is required.

“Automatic synchronization is of course
desirable. One means of doing this, which
greatly interferes with speed, very much
rescimbles the method used by the Western
Union Telegraph Company for hourly cor-
recting their “standard time’ clocks. At
each revolution of the sending cyvlinder a

Fig. 10. Another sample of the work which the

Leishman machine will reproduce in a few
minutes over existing telegraph circuits.

heavy current is sent to the receiving ma-
chine, magnetically correctng the evlinder
by stopping it momentarily. Some such
means for synchronizing is absolutely nec-
essary where the recording is not visible;
but where the recording can be scen, man-
ual control, of the nature described, may
be used, although mechanical synchroniz-
ing is preferable. (Mr. Leishman argued
the impossibility of television at this time.)

A good deal has been said regarding the
operation of my system by radio. It will
be obvious that the transmitting apparatus
may be connected into the circuit instead
of the wireless key, and the picture trans-
mitted in the usual manner. At the receiv-
ing end, an Audion detector and amplifier
make the signals sufficiently strong to op-
crate a relay, and this throws in a local
circuit to record the picture.”

In his second article on picture teleg-
raphy to appear in the ELicTricar Expreri-
MENTER, Mr. Leroy J. Leishman explained
another oi his systems,  This method re-



Juced gravity, friction and inertia to a min-
imum and made use of a new and very su-
perior tyvpe of synchronizer.  The system
was referred to in the preceding paragraphs.

Our readers are, no doubt, familiar with
the cylinder phonograph arrangement for
covering all parts of the picture in the
same succession, and with the necessity for
perfect synchronism to prevent distortion.
A familiarity with these cssentials will be
taken for granted, and the only means for
accomphshuw the latter will be explained.

Let us first consider the sending of the
picture. It is well known that selenium has
the peculiar property of changing its clec-
irical conductivity dLC()I‘dil]Q,‘ to the inten-
sity of light to which it is exposed. Selen-
jum is therefore particularly adapted to
form the “eve” that translates light and
shade into corresponding intensities of an
clectrical current. Dr. Korn makes usc of
selenium in this regard, but in a way that
differs considerably to the Leishman
method. The latter has endeavored to make
jt unnecessary to have the sending cylin-
der in a dark box, and in so doing also
eliminated the neccessity of using a film.

TELEVISION

sending machine, very good pictures are
obtained when the cylinders revolve in
synchronism,

A cathode ray may be diverted from its
path by a magnet, and the samce thing is
true of many other rays. Quite a variety
of optical effects may be produced in a
magnetic field, many of which lend them-
selves to the uses of teleghotography be-
causc the cffect of gravity and friction is
not felt, and the inertia is nil compared
with mechanical ways of receiving. In a
rough manner, these rayvs may be used by
causing them ordinarily t5» pass over an
clectro-magnet through the aperture of the
dark box: and when the magnet is ener-
gized, the ray is either bent entirely away
from the aperture or its effect materially
lessened.

O1 course, there is a little inertia in the
selenium cell even though connected with
a Wheatstone bridge, and also in the mag-
net that controls the beam of light at the
receiving end; but the further we get away
from purely mechanical telephotography
and the more nearly we approach the ac-
tual conmnections between lLight and elec-

33

Synchrenoys
ariving /rwded shai? // Aeriol
maching N lrareling orm
t
F N?:"
S T —t‘m'ac/ neete
@D
fwmd,ax/m H
o revoleng
Lytnger
(2% "/817/
Suoy = /Pa://a qoporclys
Sender—

® st c'b; orver
"I/;/ el

Seasivve Rely
(Brow.? Iy0)
Audion K2

2 Estel

Rheostat

Pictore being
FEProcsces
on aape/ of
res station

—Rodrw Receiring Set -

Fig. 11

General arrangement of Leishman transmxthng and reproducing apparatus for telegraphing a

picture via wireless.

A small sclenium cell is placed in the back
of a deep and comparatively large darlk
hox. Lenses are arranged in front of the
dark box and brought as close as possible to
the sending cylinder The purpose of this
arrangement is to have only a very minute
portion of the cylinder focused upon the
cell.  The picture to he transmitted is
wrapped around the cylinder. On both
sides of the dark box, very strong lights
are placed to illuminate the picture. The
cvlinder has a threaded shaft, so that it
advances as it revolves.  This pcrnnls every
part of the picture to be focused in turn
upon the selenium cell, which varies the
current according to the intensity of the
reflected light. In this manner the picture
is transmitted.

The receiving is equally novel. T.ight is
not subject to the law of gravity and has no
friction and no incrtia. The electro-mag-
nets at the recciving station therefore zct
directly upon a magnetically affected zc-
tinic ray. This beam of light may be polar-
ized, a cathode ray, or, in fact, any ray
upon which magnetism will exert its in-
fluence.

We shall first explain the polarized light
arrangement for receiving.  Unlike the
sending cylinder, the receiving drum is in-
closed in a dark box, close to the aperture
of which is located an analyzer through
which all light entering the hox must pass.
The light is polarized by Nicol prisms in
line with the aperture of the dark hox and
the analyzer. Between these is placed an
clectro-magnet. through the core of which
the light passes. This apparatus may be
adjusted to produce either a positive or a
negative by arranging the prisms so that

no light enters the dark box e*cceptmg
when the magnet is energized. or vice
versa, when it is not energized. The

light rotates in the plane of polarization.
If a film is placed on the receiving drum
and the magnet connected in series with the

trictty, the greater the speed.

But in justice to the mechanical schemes
for telegraphing pictures, let it be said that
they work as fast as thc lay in several
hundred miles of wire will permit them.

Without synchronism, telephotography
would be impossible. 1n another chapter
Mr. Leishman explains a manually con-

trolled synchronizer, and makes reference
to an automatic system. In connection
with this system., he has arranged auto-
matic starting and stopping features.

When the machines are not in operation,
the starting relay on the receiver is con-
nected direct to the binding posts, to which
are attached the wires from the sending
machines. The arm of this relay is held
by gravity against a contact to effect this
connection. The arm is then inclined about
15 degrees from the perpendicutar. When
the sending machine starts, the first im-
pulse causes this relay to pull its arm
agamst a different contact, against which it
is also held by gravity, as the position is
15 degrees the other side of thesperpendi-
cular.  This breaks the relay connection
and starts the motor which operates the
machine.

An important part of the synchronizer is
a drum of non-conducting aterial, pref-
erably on the same shait as the sending
and receiving cylinde~s. On this drum, in
longitudinal alignment, arc a very thin
strip of copper or other conducting mate-
rial and two resistance elements. All of
these are clectrically connected to the shaft.
The current to these resistance strips is
supplied from opposite sides, the purpose of
which will be obvious later. Three brushes
—one for the copper strip, and the other
two for the resistance elements—are ar-
ranged so as to make contact with these as
the drum revolves.

When sending a picture, the thin copper
strip is connected through the shaft to one
outgoing wire; and the brush is connected

Fig. 12. Photograph of President Wilson as
reproduced at distant end of telegraph cir-
cuit by Mr. Leishman’s apparatus.

in serics with several batteries and the
other outgoing wire. This connection
causes a heavy current to be sent to the re-
ceiving machine whenever the copper strip
and the brush make contact; that is, once
every revolution.

Now let us go hack to the receiving ma-
chine at the point where we left it. Now
that the starting relay no longer short-
circuits the incoming current, the said cur-
rent is permitted to pass to the synchron-
izer or to the picture receiving apparatus,
as the case may be.

The two resistance clements on the syn-
chronizing drum are used in receiving: and
if their connections are borne in mind, it
will readily be scen that if the heavy im-
pulse from the sending machine is received
when the bruslhes are in exact centers of
said resistance members, the current in the
two brushes will he equal: but if the
brushes are either above or bhelow center
at this time, thers is a differential effect
in the current—that is, the current is heavy
in one and light in the other, this effect
becoming greater the further the brushes
are from center.
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